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Preface 


This handbook will be useful to other people besides practicing industrial 
engineers and students of industrial engineering and management. For 
instance, the book will be valuable to persons who have been trained in 
other engineering fields but who are now engaged in management activities. 
Moreover, it will help all personife-r-engineers and others—who require con¬ 
cise reference material on various matters related to industrial engineering 
and management. People already engaged in industrial management and 
others aiming at management positions, for example, will hnd this book 
a valuable guide. 

In contrast to the situation in some of the older engineering fields, the 
topics to be included in an industrial engineering handbook are not clearly 
defined by custom. Certain traditional industrial engineering subjects, such 
as motion and time study, production control, job evaluation, plant layout 
and materials handling, and tool engineering, for example, obviously call 
for coverage. Other closely related subjects that have been included are 
engineering economy, budgeting, standardization, safety engineering, indus¬ 
trial hygiene, and quality control. The trend of the times is toward more 
and better use of the techniques of statistical inference in solving mana¬ 
gerial problems; a great deal of useful reference material in this field is 
included in the section on industrial statistics. 

The trend of the times is also toward a more analytical approach in 
making many different types of managerial decisions. The section on 
managerial economics summarizes many of the contributions that economic 
thinking can make to the formulation of business policies. The section on 
industrial operations research reflects a new viewpoint toward decision¬ 
making and includes a number of case studies. The section presenting a 
trade union viewpoint on a number of industrial engineering matters gives 
an extremely helpful picture of certain considerations that enter into de¬ 
cision-making today. The short section on industrial climatology presents 
useful information, not readily available elsewhere, regarding important 
factors in certain types of decisions concerned with plant location, con¬ 
struction, and the like. 

In the preparation of the handbook sections, the authors have tried to 
stress general principles and to illustrate their applications to industry 
rather than merely to describe details of industrial practice. Thus the topic 
of production control is viewed as a particular application of general prin¬ 
ciples regarding factory systems and procedures. Similarly the topic of 
job evaluation is a subtopic in the discussion of manpower management 
and industrial relations. In presenting industrial practices, the effort has 
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been to Birest the best current practice, avoiding, on the one hand, mere 
description of average practice, and, on the other hand, the presentation of 
untried theories. 

Most duties of industrial engineers deal in one way or another with efforts 
to control costs. In a sense, this entire handbook is a treatise on the many- 
sided subject of cost control. 

In general, the handbook sections are presented in readable style so that 
each section may be vievred as a concise text in its particular held, a text 
written by an authority on the subject. Thus the handbook is useful for 
home study and is also suitable as text material for courses in industrial 
management. 

We wish to express our gratitude to the authors of the handbook sections 
for their helpful cooperation at all stages of this handbook project. We are 
proud of our contributors and feel that they have done an excellent job 
of presenting a sophisticated forward-looking approach to industrial en¬ 
gineering and management. 

W. Grant Ireson 

Stanford, California Eugene L. Grant 
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1. DEFINITION OF OBGANIZATION 
PLANNINO 

Organization planning is the proc¬ 
ess of defining and grouping the 
activities of the enterprise so that they 
may be most logically assigned and effec¬ 
tively executed. It is concerned with 
establishing relationships among the 
units in order to further tiie objectives 
of the enterprise. The following basic 
characteristics of organization may be 


helpful in discussing organization plan¬ 
ning: 

1. Organization is a process. That is 

* The following contribution is based in 
part on the author’s Planning and Devel¬ 
oping the Company Organisation Struc¬ 
ture, published in 1952 by the American 
Management Association, 330 West 42nd 
St., N. Y. 36, N. Y. and drawn on by 
permission of the editor of the A.M.A., 
which bolds the copyright and from which 
permission to quote must be obtsuned. 
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to say, it is coniiKtuously changing as 
econ^nnic circumilbiices, personalities, 
and structural re<)Uirements are chang- 
ii^. In this sense, therefore, organization 
is dynamic; it may be compared to the 
changing scenes of a him. At any one 
moment, however, organization is static 
and is represented by the organization 
chart of the moment. In this sense, it 
may be compared to a photograph. 

2. Organization in its initial stages is 
a formal, mechanistic concept. This is an 
accepted scientific method in order to 
eliminate other major influences on the 
organization structure, such as personal¬ 
ities and economic factors. Once the ideal 
engineering structure has been built, it 
needs to be modified by existing per¬ 
sonalities; this requires a careful con¬ 
sideration of the informal structure of 
the enterprise. The informal structure is 
best described by the actual channels of 
communication, interaction, and power 
influences within the organization. Al¬ 
though there has been for a long time 
a division between the schools emphasiz¬ 
ing formal organization on the one hand 
and informal organization on the other 
hand, enough progress has been made in 
both directions to make it possible to 
attempt a reconciliation between the two. 

3. Organization is the determination 
and assignment of duties so as to obtain 
the advantages of affixing responsibility 
and specialization through the subdivi¬ 
sion of work, 

4. Organization is a plan for integrat¬ 
ing or coordinating roost effectively the 
activities of each part of the enterprise. 


2 . ADVANTAGES OP OBOANIZA- 
TION PLANNING 

There are distinct advantages to 
organization planning. It is of 
value in defining, discussing, and evaluat¬ 
ing the cmnpany’s objectives. It indi- 
<»iteB, in clear and eamly understood 
terms, where responsibilities lie. The re¬ 
sulting organization chart and manual 
are like a contour map of a geographical 
area—at a glance or with relatively little 
effort an executive can grasp the whole 


company structure and his ration to it. 
For this reason, the chart and the ma nual 
constitute excellent training devices. 

As a consequoice of organization plan¬ 
ning, top executives are enabled to drop 
overloads of responsibility and thus have 
more time to devote to long-run plan¬ 
ning, reviewing, coordination, and inno¬ 
vation, or to whatever happen to be the 
company’s most important activities. 
Representatives of different departments 
are able to work more closely together 
in the interest of over-all company objec¬ 
tives. 

As another result, executives have a 
greater opportunity to utilize their abili¬ 
ties, to plan their own activities, and to 
develop and train themselves and others. 
Organization planning provides the basis 
for estimating manpower resources and 
requirements, and thus enables a com¬ 
pany to improve its system of executive 
succession and replacement. In the proc¬ 
ess, better promotional opportunities 
are offered to its younger men. 

Organization planning helps to inte¬ 
grate personalities with the objectives of 
the enterprise and makes for improved 
human relationships. As a famous sociol¬ 
ogist put it: . . There is no reason 

why . . . the labour of supplying society 
with all the material goods needed for its 
general comfort should not become both 
agreeable and attractive. There is no 
necessity of waiting for the slow action 
of evolution in transforming human char¬ 
acter. The result can easily be brought 
about by the transformation of human 
institutions.”* Thus conditions may be 
consciously developed to remove innu¬ 
merable artificial obstacles to better co¬ 
operation. 

Finally, organization planning can help 
to remedy some of the ills common 
to many business organizations: It may 
reduce or eliminate duplication of effort 
(resulting in executive manpower sav¬ 
ing); do away with "red tape” (by 
shortening lines of communication and 
assigning definite responsibility and au- 

* Lester F. Ward, Applied Sociology 
(Boston: Ginn and Company, 1906), p 
336. 
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tbority); improve ooordixuitioD Imtween 
Afferent functions (such as manufactur¬ 
ing and marketing); eliminate unneces¬ 
sary functions (checking the tendency of 
empire-building through a manpower 
budget or, better still, through financial 
audits); eliminate friction (through 
reduction of the number of levels of 
management and throu^ clearer, more 
logical and more definite allocation of 
responsibilities); tend to reduce mistakes 
by placing decision-making nearer to the 
problems; improve specialization; and 
properly balance the expansion of vari¬ 
ous management functions. 

Organization planning provides for 
continuing adaptation in order to meet 
changes in people, resources, and envi¬ 
ronment. It aids in keeping the units of 
the organization in balance by avoiding 
excessive or deficient strength among 
the company's departments. The classic 
example of over-preparedness is the 
armored dinosaur who was so well pro¬ 
tected that he finally failed to earn a 
living (the analogy cited by Henry S. 
Dennison in his path-breaking book. 
Organization Engineering). 

We may summarize the advantages of 
organization planning in the words of the 
late Dr. H. A. Hopf: “That a business 
cannot permanently occupy levels of 
effectiveness higher than those clearly 
determined by the capacity of its execu¬ 
tives is self-evident, but it is not gener¬ 
ally understood that the influence of 
superior organization upon the accom¬ 
plishments of mediocre executives can 
raise the enterprise to heights not other¬ 
wise attainable.” * 


3. DBfTSEMINING THE OBJEC¬ 
TIVES AND DIVIDING THE WORK AC¬ 
CORDINGLY 

However small an organization, it 
must start by determining its ob- 
jectivea. The economic resources of any 


* Copyright 1938 by Harry Arthur Hi^f, 
New York, Quoted from an address pub¬ 
lished in the Engineering Journal (Can¬ 
ada), Volume XX, No. 12, December 1937. 


oi|;anization are limited and must be 
properly utilized if the company is to 
survive and prosper. This reqmres a 
formulation of objectives, an as8i|pment 
of responsibilities, and a division of the 
work thus to be performed. 

The alternative methods for dividing 
the work of a company toward the 
accomplishment of its objectives are 
numerous. They include, traditionally, 
function, product, location, customers, 
process, equipment, and time. It should 
be noted that in many companies these 
various bases of division are combined, 
and are coordinated by checks and bal¬ 
ances, But there is usually one pre¬ 
dominant type of subdivision of the 
major company activities, made by the 
chief executive officer Mmself, called 
“basic subdivision,” “basic delegation,” 
or “primary departmentation.” 

The first step in the division of work is 
the determination of the primary respon¬ 
sibility of the enterprise—that is, the 
purpose of the enterprise, and the major 
functions necessary to accomplish it. 
Thus, in a manufacturing enterprise, pro¬ 
duction is one basic responsibility; in 
merchandising, it may be advertising; 
in public utilities, the maintenance of 
equipment; in the liquor business, the 
determination of credit risk; in flour 
milling, the purchase of wheat. 

3.1 BASES FOR SUBDIVISION OF ACTIVI¬ 
TIES 

The principal or primary subdivi¬ 
sion of the activities of an enter¬ 
prise may then be divided on the follow¬ 
ing bases; 

3.1.1 Function. Major subdivision by 
function, subject-matter, or principd 
activities is found in many enterprises 
where actual control throughout all hier¬ 
archies and over all locations is exercised 
by the beads of managerial functions— 
such as finance; production (includmg 
plant deagn, construction and mainte¬ 
nance, purchasing); manufacture; engi¬ 
neering (product design or research, pos¬ 
sibly quality control); law (claims, tax 
laws, corporate affairs); human relations 
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<reI«1aons to sipckhoIdeTs, employees, 
community, govetoient); sales (market- 
ing, advertiang). Many companira are 
so subdivided at the top. This arrange¬ 
ment has the advantages of speciahza- 
tion. More importantly, it should make 
posable adequate time for basic long-nm 
planning and major decision-making and 
consultation for those in charge of the 
major management functions. But it may 
result in inter-departmental jealousies 
and conflicts over the limits of authority. 
It is also subj^t to considerable conflict 
among the local plant managers in multi¬ 
plant organizations. An example of a 
fimctional type of organization setup is 
shown in the organization chart of The 
Dictaphone Corporation (Fig. 1.1). 

3.1.2 Product. Management activities 
may be grouped on the basis of the major 
types of products or services market^, 
and sold separately. This kind of group¬ 
ing is used by some large companies man¬ 
ufacturing a diverse product line. 

At General Foods Corporation and 
International Harvester Company, the 
major subdivisions of work are on a 
product basis. Other examples are found 
in merchandising, automobile, chemicals, 
and meat-packing. Grouping by product 
has the advantage of bringing together 
and coordinating in one place major 
activities required to make a particular 
product (purchasing, engineering, pro¬ 
duction, distribution, etc.). Such an ar¬ 
rangement provides a particularly sound 
basis for decentralization. It may also 
make possible close control and account¬ 
ing comparability through central staff 
agencies. 

Even in the “mono-product plants” 
(as General R. Johnson, President of 
Johnson & Johnson, describes them), it 
may be wise to make “little ones out 
of big ones.” For example, at the General 
Electric Company the refrigerator cabi¬ 
net is made separately from refrigerator 
compressor units. Or in the production of 
locomotives, the eabs and nmning gear 
are made in separate sections, and 
erected and assembled in another sec¬ 
tion; the rotating units are made in 
another shop, and control gadgets in still 
another. In makii% control gadgets of 


infinite variety, the neceseaty for a multt- 
product plant really arises. 

Figure 1.2 shows the product organiaa-. 
tion at the Kendall Company, a medium¬ 
sized company that is famous for its 
work in scientific management. It shows 
a basic organization built aroimd three 
major products. It also shows in an inter¬ 
esting way the provision of staff services 
to the% line divisions, the operation of 
which is decentralized, while coordination 
and control are centralized. 

3.1.3 Location (also called territorial 
or geographical division or departmenta- 
tion). Under this type of arrangement, 
all activities performed in a particular 
area are brought together. It is found in 
companies serving customers on a na¬ 
tional or international scale—e.g., the 
liquor business, railroads, chain stores, 
life insurance companies, the overseas 
branches of motorcar and oil companies. 
The product and locational principles 
may combined, with different factories 
in different locations devoted to the pro¬ 
duction of different types of products 
(e.g.. General Motors). 

T^ major subdivisions of oil com¬ 
panies are often on a regional basis, since 
the natural unit of work centers around 
the major oil-producing fields. Produc¬ 
tion and selling or the selling function 
alone may often be subdivided on a re¬ 
gional basis. The advantage of such a 
division is that the power of decision¬ 
making is concentrated near the source 
of origin and is all-inclusive, with func¬ 
tional central control. It prevents the 
losses of efficiency that arise when a 
company spreads out too thinly. It en¬ 
sures t^t careful account is taken of 
local conditions—an important factor, 
since the problems of selling may be dif¬ 
ferent in different parts of the country. 
It makes it possible to take advantage 
immediately of favorable opportunities 
arising on the spot. It permits coordina¬ 
tion cm a manageal^ s^e. It facilitates 
operation in times of emergency or war. 
Finally, it provides importunity for 
training lower executive in a wide range 
of actiidfies so that qualified tarn will be 
avmlable to fill vacancies in higher jdis. 

Figure 1.3 illustrates territorial or geo- 
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riG. 1.3 TERRITORIAL DIVISION OP ACTIVITIES 
(AMERICAN FELT COMPANY). 


graphical division of company activities. 

3.1.4 Customers. Major subdivision on 
a customer basis occurs in certain fields 
—radio and television, for example. Here 
emphasis is principally on selling pro¬ 
grams to individual clients, such as a 
cigarette company or a soap manufac¬ 
turer. Lower-level subdivisions on a cus¬ 
tomer basis are foimd, for example, on 
railroads (Pullman and coach travelers), 
and insurance companies (type of policy¬ 
holders, sometimes divided by groups of 
serial numbers). 

3.1.5 Process. In integrated textile 
concerns, major divisions may be made 
on the basis of operational sequence— 
e.g., spinning, weaving, bleaching, dyeing, 
inspection, boxing, shipping. In steel and 
in men’s and women’s clothing, subdivid¬ 
ing is often based on the process. 

3.1.6 Equipment. In certain fields, 
equipment determines major subdivi* 
sions. In a secretarial school, for example, 
the subdivisions may be determined by 
the chief instruments whose operation is 
taught, such as the typewriter, the steno- 
typing machine, and the comptometer 
(often identical with process). 

3.1.7 Time. Division of work may be 
based on time sequences, with the work 
broken down under the categories of 
planning, execution, and control. Thus 
the first major business division would 


be devoted to the formulation of objec¬ 
tives, methods of accomplishing them, 
forecasts, and budgets. The second major 
division would be devoted to the execu¬ 
tion of the plans, and would correspond 
roughly to the major operating group 
in a business. The third major division 
is devoted to the control of the results of 
execution in the light of the objectives 
and plans of the business. 

To present an illustration, at one 
prominent company the general manager 
has three princip^ assistants, each of 
whom is responsible to him for one of 
the three main aspects of management, 
i.e., planning, execution, and control. 
There are three aspects of planning. In 
order to do a job, one must analyze it 
carefully and study the available re¬ 
sources. Next, one must balance resources 
against the job, and design the job to fit 
the resources. The program must be 
scheduled on a time basis, and must meet 
certain set standards of quality and 
quantity. All these activities are found 
under the first vice-president. In another 
corporation, this might be a continuing 
function of the secretariat of a general 
policy or planning committee. Although 
the committee may be made up of cer¬ 
tain heads of subordinate departments, 
the permanent secretariat is in fact the 
office of the vice-president. Second, gen- 
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eral maDagement is supplied with a vice- 
president for operations, charged with 
the execution of the company's program. 
He is responsible for the day-to-day 
coordination, direction, and supervision 
of the company’s affairs. To his desk 
come the thousand and one issues that 
demand prompt decisions to expedite the 
efficient execution of any large and com¬ 
plex program. And, finally, in the juris¬ 
diction of the third vice-president is the 
function of controllership. His is the job 
of keeping the progress of the company 
under scrutiny, comparing it constantly 
with its program. One might say that 
this third vice-president serves the other 
two. He serves the planner by making 
analyses of the future, and by analysis 
of past performance that can serve as the 
basis for future program activities. Obvi¬ 
ously, he is a most valuable aid to the 
general manager, because he is able to 
make decisions on the basis of all the 
facts—^not merely those that happen to 
come to him in connection with specific 
problems. 

3.1.8 The "harmonious overlap." An¬ 
other method of work division may be 
useful, particularly in research work that 
must be speedily completed to meet com¬ 
petition or fulfill an urgent customer 
requirement. It can sometimes be applied 
to a variety of rush jobs. 

This method of work division may be 
best explained by recounting Dr. Alexan¬ 
der Sachs’ conference with the late Presi¬ 
dent F. D. Roosevelt in 1939 on dividing 
the work on the atomic bomb construc¬ 
tion: 

F.D.R. was worried whether an atomic 
weapon could be ready in time to decide 
the outcome of the war. Dr. Sacha had 
estimated the project might cost two 
billions, and honestly told the President 
that, ordinarily, it would take 25 years 
to do the job. He explained to F.D.R. 
that he had searched the history of hu¬ 
man thought for an example of how time 
could be telescoped. 

He found the example in music, be 
says. The composer of music has ways 
of making time three-layered. Remem¬ 
ber the old round you used to sing: “Are 
you sleeping, etc.?” Three tunes going 
at once, hairmonioualy overlapping each 
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other. This, he advised, waa what must 
be done with the atomic project. 

“When you start one part of the proj¬ 
ect, assume you have finished it success¬ 
fully, and start the next as if you had.” 
That is exactly what was done, probably 
for the first time with such a huge under¬ 
taking. It worked.* 

3.1.9 Coordination and balance. An 

attempt has been made to bring together 
the various factors of organizational 
planning in such a way that each acts as 
a check or balance on the others. In 
his Design for Industricd Coordination,i 
Robert W. Porter set out a technique for 
coordinating the basic functions in the 
field of industrial organization. He set 
up seven major categories for classifying 
industrial activities, 'with three subsidi¬ 
ary classifications for each: 

1. The problems of policy, perform¬ 
ance, and compensation, identified as 
technical problems. 

2. The problems of planning, produc¬ 
tion, and inspection, identified as func¬ 
tional problems. 

3. The problems of administration, 
management, and operation, identified as 
jurisdictional problems. 

4. The problems of communication, 
cooperation, and control, identified as 
organizational problems. 

5. The problems of executive capacity 
dealing with intellect, volition, and ethics, 
identified as leadership problems. 

6. The problems of employee stim¬ 
ulation, application, and discipline, 
identified as institutional problems. 

7. The problems of expectancy, effi¬ 
ciency, and economy, identified as meas¬ 
urement problems. 

The author attempts, on the basis of 
wide practical experience, to bring out 
the inter-operation and relationships of 
the 21 elements of performance, so that 
staff needs can be reduced, while the 
coordination process is improved. It is 
claimed that this plan of division has the 
advantages of economizing staff services, 

* From “How F.D.R. Planned to Use 
the A-Bomb,” by Nat S. Finney, Look 
Magazine, March 14, 1950, p. 25, copyright 
1950 by Cowles Magazines, Inc. 
tNew York: Harper and Brothers, 1941. 
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improving eommunication, catling down 
jurisdictional problems, and providing 
better balance in general. 

The foregoing are some general guides 
for determining how the work of the 
organization may be subdivided, and 
what consequences may follow. Their 
specific application will depend upon the 
special needs of the enterprise. There is 
no indication from this list that any one 
way of grouping activities is better than 
another. If one basis is adopted, then 
other bases will have to be intermixed. 
Even when a proper primary basis of 
dividing work has been decided on, its 
specific limits must be determined. For 
example, suppose it has been decided that 
it will be best to divide sales activities on 
a territorial basis. This stiU leaves open 
the question of how the territories are 
to be split up. It is not always practical 
to determine sales territories by geo¬ 
graphical boundaries. The problem must 
be solved in terms of selling a particular 
article in a particular situation. 

For these reasons it is necessary to 
develop criteria that are helpful in decid¬ 
ing which method of grouping to use. 
That method should then be chosen 
which satisfies best the criteria under 
consideration, and is best adapted to 
individual needs. 


3.2 CRITERIA FOR DETERMININQ THE 
DIVISION OF BASIC ACTIVITIES 

In general, the various functions 
that must be performed to accom¬ 
plish the objectives of the enterprise 
should be so assigned as to obtain the 
greatest possible advantage from the di¬ 
vision of labor: 

(1) Work should be so divided that 
the incumbent of a position should be 
able to become a specialist and increase 
his knowledge on the particular job as¬ 
signed to him. 

(2) Special abihties should be used to 
the full. 

(3) Groups of i»ople (divisions, de¬ 
partments) should comprise a workable, 
homogeneous, and separate field of activ¬ 
ity. The nature of their work should be 


similar or complementary (the former 
is probably more important in the lower 
executive ranks, the latter more impor¬ 
tant in the upper ranlm). 

Three major criteria may be distin¬ 
guished for dividing work—economic and 
non-economic criteria, and the size of the 
company. 

3.2.1 Economic efficiency. Economic 
criteria relate to business efficiency. 
These in turn may be evaluated in terms 
of saving money and contributing more 
to the company’s revenue, in the speed 
or accuracy of transacting business. 

That particular grouping of activities 
should be chosen which will make the 
greatest contribution to the profitability 
of the enterprise. This may take many 
different forms, some of which are dis¬ 
cussed in the following paragraphs. 

1. In the early stages of a company’s 
growth, the fundamental problem is eco¬ 
nomic survival. This may require im¬ 
provement of the production process so 
that goods will be turned out on time 
and within the proper cost limits. It 
may require successful acquisition of 
sources of raw materials, as in the timber 
industry and mining. Or, most com¬ 
monly, it may require acquisition of cash 
through sales to meet current expenses 
and to build up a reserve of working 
capital. These basic objectives tend to 
become the major function in the busi¬ 
ness, with the executive in charge becom¬ 
ing in fact the most important official 
in the business. 

Once production or sales have reached 
satisfactory levels and have become more 
or less stabilized, they may well lapse 
into secondary activities, while research 
and control become dominant. The pri¬ 
mary aim at this point may be technical 
superiority. If this is under pressure by 
competitors, or if the company itself 
is forging ahead, this very instability 
will greatly increase the importance of 
the technical function—especially if the 
firm’s competitive superiority rests on 
it. The development by the research or 
style department of innovations that will 
accelerate the growth of the company are 
likely to be primary functions. Or the 
primary activity, from the standpoint of 
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profits, may be that ctf integmtion, con¬ 
solidation, and establ^ament of central 
control. Once the firm has reached its 
fifnal stage of growth and is at the point 
of defending its share of the market, sales 
may again become predominant. 

2. The company may wish to take full 
advantage of specialization and therefore 
may group together similar functions or 
specialties. Thus the selling function is 
often divided into groups of closely re¬ 
lated products—in a food company, con¬ 
fectionery products, for example, may be 
grouped toother so that salesmen can 
devote themselves to selling one product 
group well rather than dissipate their 
efforts over many products. Similarly, 
activities that serve the same purpose 
may be most efficiently grouped together 
—e.g., recruitment, interviewing, testing, 
hiring, and induction may be handled by 
the employment department, while the 
employee benefit activities are handled 
separately by a welfare department. 

3. Lines of communication may be 
shortened by a particular type of group¬ 
ing. Thus specific functions in subsidiary 
plants' may communicate directly with 
the corresponding headquarters function 
without going through the local plant 
manager—e.g., control and auditing. 

4. Duplication may be reduced or 
abolished by consolidating a particular 
function that was previously widely scat¬ 
tered, e.g., the consolidation of the per¬ 
sonnel function into a headquarters 
department. 

5. Balance may be improved and bet¬ 
ter operating results attained by combin¬ 
ing different parts of a job under several 
men into one complete job under one 
man. Joseph B, Hall, President of the 
Kroger Company, describes such a 
change in operations as follows: 

Until the past few years, we operated 
on a functional basis with one man 
responsible for buying and another man 
responsible for selling. Sometimes there 
was friction between these men. If, for 
instance, merchandise failed to sell, the 
sales promotion man claimed that the 
merchandise was inferior; whereupon 
the buyer would intimate that the sales 
promotion man had missed his true 


vocation and should be farming or clean¬ 
ing the streets. The situation was some¬ 
what like that between the meat num- 
agers and the grocery managers; in both 
cases it was difficult to hold men re¬ 
sponsible when each man handled only 
a part of the complete job. 

Railroads have experienced similar 
cleavages between different parts of the 
system. 

6. The extent of delegated authority 
may be widened so that lower executives 
have a greater power of decision-making. 
This has the advantage that people on 
the spot who are most familiar with the 
problems can make better and speedier 
decisions. 

7. Uniformity and consistency of policy 
may be brought about. For example, if 
a personnel department is set up, greater 
uniformity in pay for similar jobs, and 
more consistent policies with regard to 
merit rating and promotion, hiring, and 
training are likely to result, 

8. Control may be improved. Work 
may be so divided that similar units are 
created so that there is better compara¬ 
bility of selling and production efforts. 
On the other hand, control may be im¬ 
proved by separating inspection activi¬ 
ties from the group—e.g., separation of 
the financial or auditing function from 
a subsidiary plant, or by separating 
credit from sales for fear salesmen will 
be too easy on the creditors. 

9. Activities may be grouped in the 
department that makes the most effec¬ 
tive use of them. For example, a com¬ 
pany might consider having the produc¬ 
tion department take over the training 
function from the personnel department 
if this is the best way to gain accept¬ 
ance from foremen and hourly rated 
employees. 

10. Competition may be the criterion 
for dividing activities. Accordingly, the 
work may be split up into different de¬ 
partments or factories so that the results 
are fairly comparable. For e.Yample, in 
cement companies the work is distributed 
to different plants that are usually highly 
comparable. Sometimes it may be neces¬ 
sary to proceed on the opposite line of 
reasoning and join two types of work in 
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order to suppress competition that hurts 
the total effort of tiie company. 

11. Job interest may be severely im¬ 
paired by over-specialization of individ¬ 
ual jobs as well as of whole departments. 
Where work is divided too finely, with 
little variation or change, the monotony 
may obscure the meaning of the job and 
its relation to the end product, and give 
rise to job dissatisfaction and quits. Over¬ 
specialization is likely to require extra 
supervision (to deal with the resulting 
discontent) antfjan elaborate system of 
formal controls. 

3.2.2 Non-economic factors. There 
may be important non-economic factors 
to consider in the division of work. These 
frequently make for autonomy m a par¬ 
ticular activity. Thus a special division 
may be set up to took after special inter¬ 
ests connected with the enterprise, e.g., 
a division on stockholder relations or 
local community relations. Or the divi¬ 
sion is created to arouse attention to the 
particular activity—defense work, gov¬ 
ernmental relationships, safety (Cen¬ 
tral Main Power Company), executive 
health, or salary evaluation. At the Na¬ 
tional Biscuit Company, for example, the 
head of the Sanitation Department re¬ 
ports directly to the president because 
the company attaches primary impor¬ 
tance to the maintenance of sanitary con¬ 
ditions. Or a special division may be 
created for a particular man—to feather 
his ego, to “kick him upstairs,” to take 
account of reduced abilities, or to retain 
some of his services on retirement (e.g., 
the position of honorary chairman of the 
board). Division of work may have to 
be fitted to traditional arrangements 
within the company. For example,* both 
the production and sales manager may 
have equal standing in a subsidiary and 
be given equal powers, but there may be 
no plant manager. Or the office manager 
may take over personnel work because 
there may not be enough of it to justify 
a full-time division. Or a particular divi¬ 
sion may continue to occupy an impor¬ 
tant position within the company simply 
because it has existed for a long time— 
e.g., in one company the engineer in 
charge of bridge*building (the oldest 


activity in the company) headed up a 
major division and reported to the presi¬ 
dent long after bridge-building had be¬ 
come a minor activity. Preconceived 
ideas and principles, and excessive reli¬ 
ance on formality, may also be powerful 
factors in structuring a business enter¬ 
prise. 

Finally, the personal interests or hob¬ 
bies of the chief executive may play a 
role. For example, Mac Fisheries were 
originally added to the Lever soap busi¬ 
ness in order to facilitate sale of the catch 
of fishermen of some islands on the West 
Coast of Scotland in w'hose development 
the first Lord Leverhulrae took a private 
interest. 

Obviously, not all the factors men¬ 
tioned are either rational or desirable 
determinants of the division of work 
w'ithin an enterprise. However, their ex¬ 
istence should be taken into account and 
the reasons for their existence understood 
before any attempt is made to change the 
status quo. 

3.2.3 Size of company. The final ma¬ 
jor criterion for dividing the work of the 
organization is the size of the company. 
The importance of the chief problems 
faced by the top management varies as 
the company grows. Hence the major 
functions exercised and supervised by the 
chief executive are likely to change also. 
This may be illustrated by the Work 
Table which the great French indu.strial- 
ist, Henri Fayol, drew up* (see Table 
1 . 1 ). 

From this table the following conclu¬ 
sions may be drawn: 

1. The most important ability of the 
head of the small industrial company is 
technical ability, 

2. As one goes up the chain of 
command, the relative importance of 
managerial ability increases and that 
of technical ability declines. Equilibrium 
between these two obtains in medium¬ 
sized companies. 

3. The most important ability on the 
part of heads of large companies is man- 

* From Henri Fayol, General and In¬ 
dustrial Management. London: Sir Isaac 
Pitman & Sons Ltd., London, 1949. (Trans¬ 
lator, Constance Storres.) 
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TABIiB 1.1 RESUATIVS IMPORTANCE OF REQUISITE ABILITIES OF PERSONNEL 
IN INDUSTRIAL CONCERNS 


Requisite abilities 


1 

Man¬ 

agerial 

% 

Tech¬ 

nical 

% 

Com¬ 
mercial 
. % 

Finan¬ 

cial 

% 

Se¬ 

curity* 

% 

Ac¬ 

counting 

% 

Total 

evalua¬ 

tion 

% 

One-man business 

15 

40 

20 

10 

5 

10 

100 

Small firm 

25 

30 

15 

10 

10 

10 

100 

Medium-sized firm 

30 

25 

15 

10 

mm 


100 

Large firm 

40 

15 

15 

10 



100 

Very large firm 

50 

10 

10 

10 

mm 

mm 

100 

State enterprise 

60 

8 

8 

8 

8 

8 

100 


* Safeguarding property, avoiding soeial diaturbanoee in the broad senee and any influence endangering 
the life of the buaineas. 


agerial ability or skills, and the more 
important the company the greater the 
place occupied by this ability. 

4. Commercial and financial ability 
play a relatively more important part in 
the case of heads of small and middle- 
sized companies than they do in the case 
of larger companies. 

5. As one goes up the scale of indus¬ 
trial concerns, the managerial coefficient 
increases at the expense of the rest, which 
tend to even out, approximating up to 
one-tenth of the total evaluation. 

It is clear that the larger the size of 
the business the greater the emphasis on 
broad managerial functions, such as plan¬ 
ning, forecasting, organizing, command¬ 
ing, coordinating, and controlling. 


3.3 CONCLUSION 

The most important criterion for 
the division of work is that of eco¬ 
nomic efficiency. This should lead to a 
specialization, full utilizaticm of abilities, 
and homogeneity between groups. 

Where this criterion is paramount, the 
basic functions (i.e., those supervised by 
the chief executive) are those that make 
the greatest contribution toward profita¬ 
bility. However, the economic criterion, 
it should be remembered, must usually 
be modified in the light of non-economio 
needs. Both need to be fitted to the par¬ 


ticular stage of the growth and the spe¬ 
cial requirements of the company. 

4. THE SPAN-OF-CONTROL 
THEORY 

In organization theory, the opti¬ 
mum “span of control”—that is 
the number of subordinates who can be 
effectively supervised by one man—is 
generally set at between three and six. 
For example: 

“The number of subordinates whose 
tasks are interdependent who can be 
directed immediately and effectively by 
one individual is strictly limited. ... It 
should not exceed five or six. The ideal 
number of subordinates for all superior 
authorities appears to be four.”* 

“The average human brain finds its 
effective scope in handling three to six 
other brains.” t 

“It is generally agreed that if the func¬ 
tions that are being coordinated are in¬ 
terdependent and dissimilar, the span of 
control should not exceed five.” t 

* Lt. Col. L. Urwick, “Executive Decen¬ 
tralization with Functional Coordination,” 
The Management Revieva, December 1935, 
356, 359. 

t General Sir Ian Hamilton, The SoiU 
and Body of an Army (London: Arnold, 
1921), p. 229. 

t R. E. Gillmor, A Practical Manval of 
Organitation, Reading Clourse in Executive 
Technique (New York: Funk Wagnalls 
Company, 1948), p. 12. 
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4.11 

While it is conceded that the number 
may be considerably larger for first-line 
supervision, most authorities on organi¬ 
zation believe that the theory should be 
applied above that level, and that the 
higher up in the management hierarchy 
the superior, the greater will be the need 
for a small number of subordinates. Thus 
General Sir Ian Hamilton wrote in an 
often-quoted statement: “The nearer we 
approach the supreme head of the whole 
organization, the more we ought to work 
towards groups of three; the closer we 
get to the foot of the whole organization, 
the more we work towards groups of 
six.” * 

4.1 RE.^SONS FOR LIMITING THE SPAN 
OF CONTROL 

Three reasons for limiting the span 
of control are most commonly ad¬ 
vanced: (1) As subordinates are added, 
there is not only an increase in direct 
relationships, but also an increase in the 
number of cross-relationships among 
members of the group. (2) Human beings 
have a limited span of attention, which 
makes it impossible after a certain point 
to do an adequate job of supervision. (3) 
The larger the number of subordinates, 
the more likely it is that they will be 
dispersed geographically, and hence be 
more difficult to supervise. 

The need for a definitely limited span 
of control was cogently put by Henry L. 
Stimson, one of our great administrators: 

When I last held the post of Secretary 
of War under Mr. Taft, who was a very 
good administrator, there were only nine ’ 
Cabinet officers or 10 persons at the 
Cabinet table including the President. 
Barring the Interstate Commerce Com¬ 
mission, and perhaps one or two other 
minor quasi-independent commissions, 
every administrative function headed up 
in one ot the nine Cabinet officers and 
went to the President through the de¬ 
partmental head. Mr. Taft dealt with 
his departments through his Cabinet, 
and that gave you a sense of responsi¬ 
bility and security that could not other¬ 
wise be obtained. Today the President 

• The Soul and Body of an Army, p. 229. 


has constituted an almost innumerable 
number of new administrative posts, 
putting at the head of them a lot of 
inexperienced men appointed largely for 
personal grounds and who report on their 
duties directly to the President and have 
constant and easy access to him. The 
result is that there are a lot of young 
men in Washington ambitious to increase 
the work of their agencies and having 
better access to the President than his 
Cabinet officers have. The lines of de¬ 
limitation between these different agen¬ 
cies themselves and between them and 
the Departments [arel very nebulous. 
The inevitable result is that the Wa.sh- 
ington atmosphere is full of acrimonious 
disputes over matters of jurisdiction. In 
my own case, a very large percentage of 
my time and strength, particularly of 
recent months, has been taken up in try¬ 
ing to smooth out and settle the differ¬ 
ences which have been thus increased.* 


4.2 REASONS FOR INCREASING THE 
SPAN OF CONTROL 

On the other hand, there are con¬ 
tinuous tendencies toward increas¬ 
ing the span of control. These are; 

1. The desire of executives to have 
access as high up as possible, as a means 
of advancement and a sign of status. 

2. The need for keeping the chain of 
command as short as possible. The shorter 
the span of control, the more layers of 
supervision there will be and the longer 
the lines of communication, with corre¬ 
sponding disadvantages. 

There are small companies of 1,000 
employees where there are as many as 10 
levels of supervision—as many as in the 
A. T. & T. Company! Thus a man may 
be the proud manager of the third pro¬ 
duction sub-district of the Suffolk Divi¬ 
sion of the Eastern Area in the Northern 
Region of the so-and-so company. The 
red tape created by such organizational 
channels can be comparable to that of a 
large government office. One company 
plotted the number of persons through 

* Henry L. Stimson and McGeorge 
Bundy, On Active Service in Peace and 
H'^ar (New York: Harper & Brothers. 
1947), pp. 496-496. 
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which an order for a durable instrument 
went from receipt to shipment—^it 
touched 15,000 people, and the chart 
plotting its meanderings was 30 feet 
long! 

3. A natural tendency on the part of 
executives to take a personal interest in 
as many aspects of their job as possible, 
the lack of trust in the ability of sub¬ 
ordinates, the fear of possible rivals, and 
the desire for power (as shown by the 
number of people reporting). 

4. The political argument that as 
many interests as possible should be 
represented. 

5. The danger of overly close supervi¬ 
sion, which may discourage initiative and 
self-reliance.* 

The need for a wider span of control is 
evident in a number of companies. De¬ 
tailed studies on the span of control at 
Sears, Roebuck and Company very defi¬ 
nitely showed the superiority in operat¬ 
ing efficiency of a large span of control, 
provided subordinates are of high com¬ 
petence and self-reliance. Sears’ regional 
vice-presidents now have full authority 
over everything in their territories, ex¬ 
cept purchasing, of course. These vice- 
presidents report to the president. As a 
restilt, Sears’ president now has 13 execu¬ 
tives directly under his supervision. 
These territorial vice-presidents, in turn, 
have even more people reporting directly 
to them. In addition, other executives 
down the line have direct access to the 
president. 

Similarly, at IBM one level of manage¬ 
ment was etiminated entirely between 
1940 and 1947, the job requirements of 
foremen and plant managers were en¬ 
larged, and those of middle management 
were reduced. “Within this simplified or¬ 
ganizational framework, the company has 
apparently foimd it earier to buUd team¬ 
work and morale.” t 

* James C. Worthy, “'Organizational 
Structure and Employe Morale,” American 
Sociological Review, April lOM, 178. 

t F. L. W. Richardson, Jr., and Charles 
R. Walker, Human Relatione in an E:c- 
ponding Company (New SLaven: Labor 
and Management Center, Yale University 
1048). p. 40. 


4.3 CBITEBIA FOB DBTSBMIKIMO THE 

SPAN OF GONTBOL 

The optimum span of control may 
be determined by weighing the ad¬ 
vantages of retaining managerial respon¬ 
sibility against the gains to be realized by 
delegating it. The span of control should 
be extended to the point at which the 
advantages of delegation (e.g., unburden¬ 
ing of executives so that they may have 
time for more profitable work) are out¬ 
weighed by the costs of extra staff, addi¬ 
tional supervision, and added difficulties 
of communication. It should be noted 
that an increase in the spian of control is 
interpreted here to mean an increase in 
the delegation of responsibilities. 

When the optimum span of control is 
reached and additional responsibilities 
still need to be delegated by the execu¬ 
tive, it may be wise to add a new link 
in the chain of command. Thus, if a chief 
executive has ten different men reporting 
to him and is overloaded, he may find it 
advantageous to appoint two men under 
him to supervise the ten. In this way the 
span of control is reduced by adding an¬ 
other layer of management. Such action 
would be advisable, of course, only if the 
cost of the additional two men and the 
possible increased costs of communica¬ 
tion are outweighed by advantages 
gained by freeing the chief executive’s 
time. 

In the following discussion, we shall 
merely examine the optimum span of 
control in terms of the gains and costs of 
increasing delegation of responsibilities. 
We shall ask: “Under what circum¬ 
stances is it worth while for the chief to 
increase his span of control (supervise 
more executives) by increasing delega¬ 
tion of responsibilities?” In each case, it 
is necessary to examine the alternative to 
the problem—^i.e., reducing the number 
of executives supervised and adding an¬ 
other chain of command. 

4.4 GAINS FBOM DELEGATION OF 

BESPONSIBILITY 

The gains from delei^tion of an ex¬ 
ecutive’s responsibilities to a larger 
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number of subordinates depend on the 
contributions he will be able to make to 
the company’s earnings or profits, and 
indirectly on the degree to which such 
delegation furthers ^tter relationships. 
These gains may result from devoting 
more time to top management work— 
e.g., developing new ideas, planning, pol¬ 
icy-making, looking at company prob¬ 
lems as a whole, being available for 
advice and for help in emergencies, im¬ 
proving governmental and community 
contacts, and having time to think. 

The following factors seem to increase 
the gains of delegation: 

1. The greater the executive’s capacity 
in top managerial work, the greater will 
be the gains. If his abilities tend to lie 
in supervision only, the gains will be 
correspondingly smaller. 

2. The less time previously devoted to 
top management work, the greater will 
be the gains of delegation. (For confirma¬ 
tion of this observation see the work 
tables of Henri Fayol, Table 1.1, which 
show the proportion of time spent on 
various aspects of management at dif¬ 
ferent management levels and in com¬ 
panies of different sizes.) 

3. The less complex the type of work 
supervised (and the management func¬ 
tions), the greater will be the gains of 
delegation. For example, in personnel 
work, personal attention must be given 
to many matters, and therefore the span 
of control must necessarily be small. This 
holds true for many types of research. 
However, factory workers are not in need 
of such close attention from their superi¬ 
ors, and hence the span of control can 
be larger. Again, in some types of activ¬ 
ity, such as marketing through large 
cumbers of wholesale and retail branches, 

' under uniform policies with specific dele¬ 
gations of responsibility, the span of con¬ 
trol may be quite wide. The same holds 
true for department heads of general 
services (building operation, motor vehi¬ 
cle maintenance, purchasing, engineer¬ 
ing) where as many as ten may report to 
‘ a single officer or member of top manage¬ 
ment. Delegation depends on the type 
of business; for instance, in a stable busi¬ 
ness like banking a much larger span of 


control is possible than in the volatile 
automobile industry. 

4. The fewer the number of different 
function supervised by one man, and 
the less diverse these functions are, the 
greater will be the gains of delegation. 
Thus, if an executive supervises seven 
people, all doing the same thing—seven 
salesmen, for example—the gains of fur¬ 
ther delegation will be greater than if he 
supervised such different functions as 
finance, personnel, traffic, office manage¬ 
ment, public relations, and law. 

6. The more “mature” the relation¬ 
ships between the superior and his sub¬ 
ordinates—that is, the higher the degree 
of initiative and independence permitted 
by the superior and possessed by the 
subordinate—the greater will be the 
gams of delegation, and, also, the better 
the mutual relationship. 

6. The better-trained the subordinates, 
the wider their experience in different 
parts of the company, and the longer 
their service, the greater will be the 
gains of delegation, for each of these 
conditions reduces the amoimt of direct 
supervision required. 

7. The more competent the aid of 
"staff assistants” to members of general 
management, the greater will be the 
gains of delegation. (See Item 4.) 


4.5 COSTS OF INCREASED DELEGATION 

The costs of increased delegation, 
expressed in terms of the increased 
cost of supervision, may be summarized 
as follows: 

1. The greater the number of addi¬ 
tional subordinates reporting to one ex¬ 
ecutive, the greater will be the direct 
cost of supervision. Thus, if an executive 
has ten men reporting directly to him, it 
is obvious that the cost of supervising 
them will be considerably greater than 
if he had only five immediate subordi¬ 
nates. But it should be remembered that 
the direct increase in the number of 
subordinates may lead to a reduction in 
the cham of command and in this way 
may reduce the total cost of supervision. 

2. The greater the additional number 
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FIG. 1.4 A LONG SPAN OF CONTROL. 


of individual relationships between the 
supervisor and his subordinates, the 
greater the number of group relationships 
between the supervisor and groups of 
subordinates, and the greater the number 
of cross relationships involving two or 
more subordinates, the greater will be the 
cost of supervision. As R. E. Gillmor, 
Vice-President of the Sperry Corpora¬ 
tion, points out: “The number of cross 
relationships rises geometrically as new 
subordinates are added. With a span 
of five the number of direct, cross 
and group relationships requiring co¬ 
ordination is 41; the relationships rise 
geometrically with increased span until 
at 10 there are 1,068 direct, cross and 
group rdationships.” 

3. The greater the degree and extent 
of delegated authority, the greater will 
be the cost of supervision. Also, the 
smaller the capacity of the subordinates 
and the greater the possibility of errors 
on their part, the greater will be the 
cost of supervision. Finally, the smaller 
the span of control which the subordi¬ 
nates are able to manage effectively, the 
greater will be the supervisory cost. As 
an example, take a sales manager with 
12 sales offices reporting directly to him. 

After delegation to three assistant sales 
managers, the delegating situation is as 
follows: 

In the case of this delegation, the sales 
manager must weigh the time he gains 
against the cost of three additional as¬ 


sistant sales managers, the extra cost of 
supervising them, and the additional 
costs of longer communication channels 
(longer time of communication, less ac¬ 
curate transmission of ideas and mes¬ 
sages, loss of direct contact, etc.). 


4.6 CONCLUSION 

In concluding this analysis of the 

span-of-control theory, it may be 
well to summarize our major findings. 
As has been pointed out, some authorities 
on organization hold the number of men 
who can be effectively supervised to a 
number from three or four to seven or 
eight. In actual practice, the span of 
control tends to be larger than in theory, 
both in terms of “supervision” and cer¬ 
tainly in terms of “access to,” principally 
because the longer the chain of command, 
the less satisfactory are communication 
and efficiency. An ill-advised plan to 
reduce the span of control can defeat 
its own objective by creating too many 
links in the chain of command. This is 
one of the mast paralyzing features of a 
large organization. The most economical 
and generally satisfactory solution is one 
which avoids both an over-long, com¬ 
plicated chain of command resulting in 
a predominantly “vertical structure,” 
and disproportionately extended organi¬ 
zational units that would eventually re¬ 
sult in a “horizontal structure.” 


FIO. 1.5 A SHORTENED SPAN OP CONTROL. 
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Of coum, a formal limit on the 
number of subordinates supervised is 
necessary to make the executive aware 
of the limitations of time and ability. 
The span of control may. be determined 
by weighing the advantages (additional 
revenue) of increasing delegation to a 
greater number of subordinates against 
the disadvantages (additional costs). 
This process of setting limits to the span 
of control, together with the actual limits 
that will result, will help each executive 
realize that he cannot live forever as a 
managerial superman, continuously oper¬ 
ating beyond his physical and intellectual 
capacity. As a result, he will be better 
able to replace an able and trusted sub¬ 
ordinate who suddenly leaves, or to cope 
with an expansion to unfamiliar fields. 
He will also have a margin of safety, or 
a reserve capacity. 

5 . REDUCING THE EXECUTIVE’S 
BURDEN 

5.1 THE STAFF ASSISTANT 

Increase in a company’s size mag¬ 
nifies its problems so that the chief 


executive may find it difficult to handle 
all his fonner duties. Ctece a company 
has several hundred employees, some 
formal planning is usually required to 
handle its growing personnel problems, 
to diversify its product line, to uncover 
new sources of supply and new markets 
for its products, to streamline produc¬ 
tion, and to meet the increasingly com¬ 
plicated problems of finance. Rules of 
thumb, personal experience, and hunches 
are no longer adequate. The problems 
arising with increased company size re¬ 
quire the services of specialized, techni¬ 
cally trained personnel. 

The technical responsibility may be 
delegated by establishing a separate func¬ 
tion for the exercise of the technical 
specialty. However, in some cases it may 
be advisable to appoint an “assistant to” 
the delegant. The “assistant to” has no 
power to act on his own. Instead, he 
furnishes his chief with information and 
recommendations which the latter is free 
to use as he pleases. 

The position of the “assistant to” may 
have the advantage of introducing a new 
function “under the wing” of the boss. 
Thus the incumbent of the new function 
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FIG. 1.6 LINE AND STAFF RELATIONSHIPS STAFF 
ACTIVITIES (note: THIS IS A CHART OF 
RELATIONSHIPS, NOT ORGANIZATION, OF A 
LARGE company). 
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18 given a chamie to show what he can 
do. If put on his own, he might fail be¬ 
cause of opposition from those in the 
established functions, particularly if the 
other top-management men felt the new 
function legitimately belonged to them. 
Thus the head of the new production 
department might feel that the personnel 
function should be his, that successful 
operations require unified control. The 
separation of these functions might incur 
the bitter hostility of the production 
man, who might never give the personnel 
man a chance to demonstrate that he 
could succeed. But if the new function 
remains part of the chief's responsibility, 
his own position protects it. Further¬ 
more, an “assistant to" the president can 
learn a great deal more about the com¬ 
pany, and more quickly than if he were 
on his own. Once in possession of com¬ 
pany know-how and accepted as a per¬ 
son, he can be invested with personal 
responsibility. 

A widespread complaint on the part 
of top executives interviewed in a sur¬ 
vey undertaken by the author in 20 
large corporations was that of excessive 
pressure of affairs on them. They are 
working long hours—from eight to 12 
hours a day—some staying until mid¬ 
night in the office, many taking work 
home at night and over weekends, and 
most having short and inadequate va¬ 
cations. Almost all the time of top 
executives is spent with other people, an 
increasing proportion with other than 
company executives—such as govern¬ 
ment officials, trade association officers, 
local community contacts, and non-work¬ 
ing directors. The result is lack of time 
on the part of the top executive for 
adequate contact with associates and 
subordinates, for rest and recreation, for 
reading—particularly of a non-business 
nature—and, most serious of all, lack of 
time for reflection, for devdoping long- 
range plans, and for thinking up new 
ideas. 

( Perhaiw this grave situati on cotdd be 
relieved by resort to'the siSflisaistaht,^ 
a dSvice Srten us^jTorlBmnar reasons, 
by the military. General Eisenhower, in 
interviews with the author, stressed the 


opinion that businessmen made too little 
use of the staff assistant. He reported 
that his own practice was to have at 
least four or five such assistants, able 
men closely trained by him and com¬ 
pletely familiar with his decision-making 
habits. They were able to relieve the 
General of an enormous burden, leaving 
him free to see anyone with a really 
important problem—from the journalist 
with a hot tip before the invasion of 
Europe to a group of imiversity profes¬ 
sors with a grievance. 

Similarly, when the job of an executive 
begins to exceed his capacity, he may 
consider appointing an “assistant to” 
himself. 

The nature of the staff assistant’s area 
of responsibility is the same as that of 
his superior or chief; he participates in 
his supervisor’s responsibilities, but none 
are delegated to him as to a deputy. For 
example, if he is the assistant to the 
production manager, he participates in 
the responsibilities of his supervisor, the 
production manager, but certain respon¬ 
sibilities are not delegated to him as they 
would be if he were assistant production 
manager. 

Since the “assistant to” or staff assist¬ 
ant cannot delegate, no one owes any 
responsibility to him. 

Tbe assistant helps his chief in his 
work. He has been well described as 
“an extension of his chief’s personality,” 
whose job it is to "worry about the 
problems which worry the boss.” The 
“chief” may be a line executive or a 
staff specialist. Or he may be the com¬ 
pany president. In this discussion, we 
shall deal principally with the functions 
of the assistant to the chief executive, 
i.e., the president. 

His status is below that of other execu¬ 
tives reporting to his chief or supervised 
by him. It cannot be overstressed that 
there should be no dilution of responsi¬ 
bility through the assistant. As one top 
executive describes his function: “We 
believe that the chief executive officer 
should not surround lumself with any 
assistants who in any way diminish the 
responsibility of the other chief officers 
of the company. The astistant should 
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jiot pKSBUine to pass judgment in any 
other way on any of the prmeipal offi¬ 
cers, since it discourages than and makes 
judgment on their promotion difficult. 
If he criticizes his chief’s subordinates 
who are his superiors in status, it is the 
assertion of an authority which he does 
not possess; and if he criticizes any of 
their subordinates, he is criticizing them. 
Further, he is interfering with his chief's 
authority.” 

To sum up, in Lt. Col. Urwick’s re¬ 
marks, “The ‘Assistant to’ is . . . essen¬ 
tially a man who represents his chief in 
matters of administrative detail. His 
functions are limited to study, research, 
analysis, recommendation and, above all, 
to helping his chief to get things done by 
handling the publication of instructions, 
etc., watching the organization, and fore¬ 
seeing and forestalling any failure in co¬ 
ordination between the specialists and 
the ‘line.’ He has no executive duties.” 


5.2 QUALIFICATIONS FOR SUCCESSFUL 

STAFF ASSISTANTS 

In his studies the author found 
that the statf assistant requires 
technical competence, discretion, high 
analytical powers, and ability to present 
his material effectively in speech and in 
writing. He must imfold his activities 
slowly to begin with and win confidence. 
He should be free from organization poli¬ 
tics and give his views on the basis of 
the merits of the problem. He must gain 
top-management support so that his 
efforts may bear fruit. He must be able 
to “live with” his superior successfully 
and have a good sense of timing. On 
their part, line executives must learn how 
to use staff assistants. This requires, 
among other things, the ability to listen. 

5.3 POSSIBLE ACTIVITIES OF STAFF 

ASSISTANTS* 

The activities of staff assistants 
may vary in importance from the 

*This discusaion is partially based on 
interviews and on E. W. Reilley’s “Why 


equivalent of those of an office boy up 
to activities of a vice-proddential char¬ 
acter. Major activities may include, in 
rough order of importance: 

1. Coordinating work by bringing to¬ 
gether the parties concerned, clarifying 
misunderstandings, collecting and dis¬ 
seminating information, acting as secre¬ 
tary for coordinating committees. 

2. Collecting, analyzing, writing up 
top management policies, plans, and pro¬ 
cedures. 

3. Economic and market research, 
study of competitive conditions, govern¬ 
mental regulations. 

4. Screening visitors and requests to 
the chief executive or top management. 

Minor activities may include: 

1. Design of management control re¬ 
ports. 

2. Design and installation of inter¬ 
departmental procedures, leaving intra- 
departmental procedures to be handled 
by departmental staffs. 

3. Plans for reorganization analysis, 
preparation of recommendations, prepa¬ 
ration of organization manuals and 
charts, and keeping them up-to-date. 

4. Part-time functions like public re¬ 
lations or personnel activities in smaller 
firms. The staff assistant may not exer¬ 
cise these functions himself, but may 
merely see to it that they are properly 
carried out. 

• 5. Working out and suggesting meth¬ 
ods of office improvement; control over 
internal reporting systems, forms, space, 
and office equipment. (These functions 
are, of course, frequently performed by 
the controller, purchasing director, office 
manager, or industrial engineer.) 

* In connection with these activities, two 
different types of “assistants to” must 
be distinguished. One type performs a 
function not performed anywhere else. 
The other type performs a function that 
is being carried out ebewhere. For in- 

Short-Change the Chief Executive on Staff 
Assistance?" in Personnel, 1947, 85-88. See 
also Henry E. Niles and M. C. H. Niles, 
"Assistance in Coordination,” Personnel, 
August 1938, 35-36, in which the authors 
discuss what the staff assistant may do and 
what the staff assistant should avoid. 
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stance, if a company officer has an It is General Eisenhower’s belief, as 


assistant to do economic research, with 
no such work being done anywhere else 
in the company, there is no problem 
of duplication. However, if there is a 
department of economic research in the 
company and the president has an as¬ 
sistant to go over the material produced 
by that department, dispute and con¬ 
fusion may result from the lack of clear- 
cut responsibility. 


5.4 ADVANTAGES 

The advantages to the chief execu¬ 
tive or a top vice-president of 
having an assistant include: 

1. Reduction of the burden of work. 
This may make it possible for the chief 
executive to see people, to do some quiet 
thinking, to extend his span of control 
(if necessary) or to supervise his present 
subordinates more satisfactorily, and to 
supplement his technical competence 
with administrative and human relations 
competence. 

2. An improvement in planning and 
coordination. 

3. Better utilization and continued ap¬ 
plication of outside counsel. 

4. Training for the assistant so that 
he may acquire an over-all point of view 
of the company’s affairs; learn how to 
persuade others; have the opportunity 
to observe and to be observed; and 
ultimately, perhaps, be in a position to 
take over a managerial function. 

Staff assistants may be ^particularly 
helpful (though this is not nec^- 
sarily the case) in small firms, under 
rapidly changing conditions (increase in 
company size, seasonal and erratic fluctu¬ 
ations), in geographically dispersed en¬ 
terprises, in organizations having long 
chains of command, and in situations in 
which the line executive is newly ap¬ 
pointed—especially if he is revitalizing 
an established company. At his best, the 
staff assistant develops analytical ability, 
practical application, sincerity, and en¬ 
thusiasm for the company to a point 
where all his actions make him an asset 
to his superior and to the company. 


he told the author, that business ban 
overlooked an important opportunity to 
increase the effectiven^ of the chief 
executive through a larger and abler 
staff of assistants to reduce his load, 
making it po.ssible for him to devote 
himself to broader issues and closer con¬ 
tact with his men and with others. The 
experience of businessmen with the armed 
forces seems to show that this is the 
principal lesson they have learned from 
the military. 


5.5 DISADVANTAGES 

Among the disadvantages of hav¬ 
ing “assistants to” is the confusion 
that frequently occurs regarding the na¬ 
ture of their responsibilities. There is 
also the danger that the assistant may 
substitute his personal opinions instead 
of representing his chief’s views—for ex¬ 
ample, he may put obstacles in the way 
of the chief’s seeing individuals whom 
he really wants to see. Line men may 
resent advice from someone who is their 
junior in status (and probably age). Such 
matters as executive job evaluation and 
reorganization cannot be wholly en¬ 
trusted to the “assistant to,” if he is at 
all involved in or susceptible to company 
politics. Moreover, there is danger that 
the assistant may have more access to 
the boss than the “doers” or line execu¬ 
tives who are out performing their jobs. 
Worst of all, perhaps, a businessman may 
be deluded into believing that his ca¬ 
pacity for decision-making is multiplied 
in proportion to the number of assistants 
working under him. 

Some feel that the training afforded by 
service as a staff assistant can be better 
provided through rotation, staff meet¬ 
ings, and personal development plans. 
The opposition to the “assistant to” cen¬ 
ters especially on the objection that the 
assistant too often becomes the execu¬ 
tive’s interpreter, confidant, companion, 
errand boy, paper dispatcher, informal 
contact man, spy, whipping boy, or as¬ 
sumes the role of the “grey eminence 
behind the throne.” 
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For these reasons, a number of com¬ 
panies avoid the appointment of an 
"assistant to” or even an "assistant 
manager” (who takes over some of the 
responsibilities of the manager in a "one- 
over-one” relationship) unless the ap¬ 
pointment is clearly temporary and made 
primarily for training purposes. Some 
maintain that a good secretary can 
render most of the services performed 
by the “assistant to” without giving rise 
to many of the problems of relationship 
just mentioned. 

The issue between the proponents and 
opponents of the “assistant to” is sharply 
drawn. The choice depends on the indi¬ 
vidual case, with due consideration to 
past company expenence, economic feasi¬ 
bility, and the personalities involved. 


5.6 DIFFICULTIES IN USING "ASSIST¬ 
ANTS to” 

The following typical troubles have 
emerged in case after case: 

1. High executives had no experience 
of using "assistants to” as general staff 
officers. 

2 . Consequently “assistants to” were 
appointed: 

a. Without any definition of their 
duties—"Just come into my office and 
see where you can be of help to me.” 

b. Without any definition of their 
relations with other executives—“You 
may find Mr. Smith a little difficult, but 
you’ll know how to handle him.” 

c. Without careful selection. 

d. Without any special training. 

e. Without adequate experience of 
"the line"—e.g., some bright young busi¬ 
ness-school graduate who had not won 
his footing in the organization was im¬ 
ported into the president's office as a 
“brain truster.” 

3. Executives failed to distinguish be¬ 
tween personal and general staff func¬ 
tions. The ‘ assistant to” was regarded 
as a "fair-haired boy” or “leg-man.” His 
relations with the private secretary were 
not adjusted. 

4. Executives failed to distinguish be¬ 
tween long-range planning and current 
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administratiem. “Assistants to” were used 
almost exclusively on new and special 
projects. They thus failed to relieve their 
chiefs of routine. 

5. Executives attached too much im¬ 
portance to paperwork. They failed to 
allow “assistants to" to handle it for 
them. They had no appreciation of the 
doctrine of “completed staff work." They 
thus became desk-bound. 

6 . Such executives had no time to 
“make closer contact with their men.” 
They thus closed a vicious circle. Because 
they would not leave “paper” and routine 
to their staff, they lost contact with their 
immediate subordinates. Because they 
had lost contact with their immediate 
subordinates, senior “line” officers would 
not accept the “representative” authority 
of general staff. Friction developed for 
which the general staff officer was 
blamed. 

7. “Assistants to” were allowed, or 
even directed, to criticize and to rejwrt 
(sometimes overtly, sometimes covertly) 
on the work of their chief’s immediate 
subordinates who were their seniors in 
status. Such action is bound to destroy 
their relations with such subordinates 
and hence their utility to their chief. 
Criticism is one of the chief's inalienable 
responsibilities. 

8 . Executives who had worked out a 
reasonable relation between their “as¬ 
sistants to” and their principal sub¬ 
ordinates then went away for longish 
periods without nominating any senior 
officer of the corporation to “answer for” 
them in their absence. This placed the 
"assistants to” in a false position. They 
had either to act "for” their chief when 

• everyone knew he was away, which upset 
his principal subordinates, or do noth¬ 
ing—which was apt to upset the chief 
on his return. 

9. “Assistants to” were left in the 
position too long and felt that their 
prospects were uncertain. They should be 
picked men with an assured future in 
the organization. The training value of 
the position should be realized, and they 
should be informed that they will be 
moved back into the “line” within a 
fixed period (four or five years at the 
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most), usually at an executive level 
below that of their chief’s direct sub* 
ordinates. 

10. The “assistant to” position was 
used as a “dumping ground” for “prob¬ 
lem children,” thus (kpreciating its dig¬ 
nity in the eyes of the rest of the 
organization and discouraging able young 
executives from accepting such appoint¬ 
ments. 

11. Possession of an “assistant to” had 
been allowed to become a status symbol. 
Where this occurs, especially with execu¬ 
tives untrained in the use of general 
staff officers, it is bound to lead to the 
multiplication of jobs that have more 
title than utility and hence to imeco- 
nomic staffing. 


5.7 DISTINCTION BETWEEN STAFF AS¬ 
SISTANT AND STAFF SPECIALIST 

The word “staff” is derived from 
the organization terminology of 
the military. In its broadest sense, it re¬ 
fers to the non-combatant elements of 
military organization, set apart from the 
Une or fighting sector of the armed 
forces. 

The staff was created when the com- 
mander-in-chief delated the planning 
fimction to the “general staff,” headed 
by the chief of staff. The general staff 
was to assist the commander-in-chief in 
the more effective exercise of his com¬ 
mand through planning. 

The fimctions of the chief of staff, as 
head of the general staff, are as follows: 
to plan operations, to consult with and 
advise the commander regarding field 
operations, to issue the commander’s 
orders and promulgate supplementary 
orders to insure their proper execution, 
and to see that all orders are carried out. 

Staff officers are o? two kinds—staff 
assistants and staff specialists. The dis¬ 
tinction between these two types of offi¬ 
cers is described as follows.* 


*This material has been adapted from 
some of the tmpublished studies of Lt. 
Col. L. Urwick. 
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5.7.1 Staff assistants. The “general 
staff officers” in the United States Army 
(“staff officers” in the British Army) 
are extensimis of the commander who 
aid him in carrying out orders, e.g. by in¬ 
terpreting his ffirectives to subordinates. 
These men are almost invariably of lower 
rank than the conunander’s direct sub¬ 
ordinates but are closer to the com¬ 
mander personally. 

In businebs, the equivalent function is 
that of the staff assi^nt. He is the rep¬ 
resentative of his chief, acting purely in 
an advisory capacity with no personal 
authority. Even if, in his chief’s absence, 
he makes decisions, they remain his 
chief’s decisions. 

5.7.2 Staff sjMciaiists. The “technical 
and administrative staff officers” in the 
United States Army (“specialized fight¬ 
ing troops and services” in the British 
Army) have an indirect “advisory” or 
“functional” authority in relation to the 
combat forces, the line. Their specialized 
responsibility is to prepare the plans, 
e.g. medical, legal, intelligence*, technical. 
In business, the staff specialist is found 
in three major activities: (1) he advises 
operating departments, i.e., the “line,” 
on his particular specialty; (2) his ad¬ 
vice may apply to all parts of the busi¬ 
ness; (3) he has line authority in his 
own department. For example, the per¬ 
sonnel director advises various depart¬ 
ments on personnel procedures; his 
influence extends to all departments be¬ 
cause the personnel function is all-per¬ 
vasive; he exercises line authority in his 
own department. 

5.7.3 The extent of the difference. 

There is some difference of opinion as 
to the extent of the difference between 
the two functions of “staff assistant” 
and “staff specialist.” General Eisen¬ 
hower told the author he thought the 
two functions were distinct but not dia¬ 
metrically opposed. Organization au¬ 
thorities such as Alvin Brown and Lt. 
Col. L. Urwick believe that the two 
functions are quite different. However, 
in discussing specific activities, it is not 
always easy to identify the functions 
definitely. Thus Lt. Col. Urwick, speak¬ 
ing of a personnel function in the Army, 
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States, “Personally, I do not regard the 
G-2 Personnel as a staff specialist. In 
the British Army he is called a Deputy 
Assistant Adjutant General and is def- 
nitely regarded as a staff assistant. But 
the whole question of the correct placing 
of personnel work is a most complex 
one.” The answer depends on whether 
or not the personnel function is a 
delegated responsibility. If it is, then 
its head is a staff specialist and carries 
responsibilities. If it is not, then the 
person concerned with it is a staff as¬ 
sistant, and has no responsibilities in¬ 
herent in his position. 


6 . NATURE OF FUNCTIONALIZA¬ 
TION : THE STAFF SPECIALIST 

Line activities are those functions 
which follow one another as stages 
of major operations. These are sequential 
activities. One such activity is produc¬ 
tion. In addition, there are services com¬ 
mon to line, which are grouped under 
major functions (hence “functionaliza¬ 
tion”—e.g., finance and personnel) and 
which are handled by staff specialists. 
These specialists are distinguished from 
line executives in that their authority is 
indirect, not direct; functional, not 
operating; and their responsibility spe¬ 
cialized, pot general. 


6.1 ACTIVITIES OF THE STAFF SPE¬ 
CIALIST 

» 

The possible types of staff spe¬ 
cialist activities vary greatly among 
companies. They may be summarized as 
follows: (1) staff advice, (2) operating 
service, and (3) direct command. (It 
should be noted that not all these ac¬ 
tivities are considered proper staff spe¬ 
cialist functions in all companies. These 
are merely the staff activities found in 
the majority of companies surveyed.) 

6.1.1 Staff advice. Staff specialists 
prepare plans, procedures, and standards, 
and provide counsel. These activities may 


be highly technical, and are often de¬ 
scribed as the exercise of “functional 
authority.” They involve such steps as 
the following: 

1. Gathering facts about managerial 
and technical problems of concern to the 
line. 

2. Exchanging information on various 
company problems. 

3. Drawing up policies, programs, 
plans, and procedures. 

4. Discussing these with other staff 
specialists, staff assistants, and line ex¬ 
ecutives, for advice and criticism. 

5. Obtaining approval for the plan 
from all concerned. 

6 . Preparing written orders and mak¬ 
ing arrangements so that the plan is 
put into action. 

7. Helping to install, explain, and 
interpret the plan, developing interest 
and enthusiasm, and advising line ex¬ 
ecutives on overcoming difficulties. 

8 . Watching the operation of the 
plan and following up on progress. 

9. Setting standards and establishing 
necessary controls, such as company 
standards, systems, and procedures, and 
implementing policies to assure that ma¬ 
jor company objectives and policies are 
carried out. 

10. Measuring performance through 
reports and reviews. 

11. Collecting and analyzing results. 

It IS clear, from this list of activities, 

that the work of the staff specialist is of 
a facilitating nature. The planning de¬ 
partment exists, not so much to tell the 
foreman what to do, but to aid him 
in obtaining a more efficient flow of work 
by relieving him of the task of planning 
his activities. Authority to act is as¬ 
signed solely to the line operator and 
should be commensurate with his re¬ 
sponsibility for the results; if this au¬ 
thority were assigned to several indi¬ 
viduals, it might be more difficult to 
place responsibility. Usually, only one 
man should give orders to a subordinate. 
The personnel department, therefore, 
should not possess the authonty to direct 
the line department to hire the em¬ 
ployees it sends; its function is to relieve 
the line men of the task of recruiting. 
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intemewbg, and selecting new em 
ployees. Similarly, an inspector should 
in no case except an emergency have the 
authority to halt production, even 
though he can reject products. Finally, 
if the safety precautions prescribed by 
a safety engineer are violated by an 
operator, it is best to make the opera¬ 
tor’s superior responsible, not the safety 
engineer. The supervisor, being closest 
to the operator both physically and 
organizationally is in the best position to 
take the required disciplinary action. 

Staff specialists are often available for 
advice and consultation to other staff 
specialists under the direct command of 
line officers. For example, the head office 
personnel department may always be 
available to aid the personnel director in 
one of the company’s plants—e.g., in 
labor negotiations—at the request of the 
latter’s line superior, usually the plant 
manager. The headquarters personnel 
staff may furnish plant personnel man¬ 
agers with up-to-date information on 
personnel developments in other parts 
of the company and in the field generally. 
Finally, such programs as executive 
development, job evaluation, and em¬ 
ployment stabilization, which are highly 
specialized and require uniform applica¬ 
tion, may be outlined and offered to the 
line units by the headquarters staff spe¬ 
cialists, who may also aid in their instal¬ 
lation. 

6.1.2 Operating services. A number of 
the staff specialists operate special service 
units to aid other activities. For example, 
the personnel staff specialist may have 
some of his subordinates run a cafeteria 
or be responsible for recreational facili¬ 
ties, a company magazine, safety work, 
and training. (The relationship of the 
personnel director to the cafeteria man¬ 
ager is one of direct command or “line.”) 
Such separate service functions may in¬ 
clude the handling of legal problems, 
public relations, taxes, office manage¬ 
ment, real estate and right-of-way, build¬ 
ing design and construction, engineering, 
product acceptance, purchase and stores, 
traffic, and research, to cite examples of 
direct, centralized functions performed 


for the company as a whole. Other staff 
specialists, often at headquarters and 
concerned with such activities as finance, 
industrial relations, manufacturing, sales, 
and advertising, may perform certain 
direct services for the entire company, 
but act primarily as agencies r^ponsi- 
ble for performing “functional super¬ 
vision” over the line. 

The establishment of a service function 
is advantageous only when separating a 
unit is more economical than attaching 
it to another activity. A separate service 
function must involve full-time work for 
one man if it is to be worth while; other¬ 
wise, the activity can be assigned part- 
time to a regional line or staff man or be 
performed by headquarters. A separate 
service activity also raises the problem 
and additional expense of coordination. 
If it is decided to establish a service 
function, it is usually best to place it 
in the department that makes the most 
use of it^—e.g., special statistical services 
might be placed in the accounting de¬ 
partment. 

6.1.3 Direct command. Under certain 
conditions, the staff specialist may issue 
direct orders, either in his own name or 
in that of his superior or chief executive. 
He may give orders to his immediate 
subordinates in his department—e.g., the 
director of industrial relations may issue 
requests or orders to the assistant direc¬ 
tor of industrial relations and to the 
director of personnel research. In certain 
exceptional cases, he may give directions 
to the line executives in order to (1) 
install new technical methods, such as 
job evaluation; (2) ensure uniformity— 
e.g., in the installation of a benefit plan; 
(3) speed up action without reducing 
the quality of a decision—e.g., hire a 
labor gang of unskilled worknaen, more 
or less equal in ability; (4) improve 
quality of performance—e.g., participate 
in difficult labor negotiations that the 
line is unable to handle; (5) take neces¬ 
sary action in the absence of the 
immediate supervisor—e.g., a safety 
supervisor may order a man to leave a 
machine which is not operating properly 
and which may injure him. 
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6.2 AT7THOEITT ENFORCEMENT BY THE 
STAFF 

A serious organizational problem 
that may result from the creation 
of staff specialist functions is the assump¬ 
tion of command or line powers by the 
staff. It must be recognized that in 
actual practice staff specialists do at 
times exercise command powers over the 
line executives, in addition to those 
powers cited earlier, in order to get the 
results of their work accepted and 
thereby justify their continued activities. 
The following are some of the ways in 
which staff specialists require line ex¬ 
ecutives to apply their suggestions. (It 
should be noted that such authority 
enforcements by the staff are widely op¬ 
posed, not only by the line, but also by 
many organization specialists.) 

6.2.1 Command through superior ar¬ 
ticulation. Staff men are generally articu¬ 
late and skilled in persuading others to 
accept their ideas, while the line execu¬ 
tive is often less vocal. A classic example 
drawn from another field is perhaps the 
success of Florence Nightingale in per¬ 
suading the Army authorities to accept 
the nursing function during the Crimean 
War; 

It is easy to imagine the kind of dis¬ 
gust and alarm with which the sudden 
intrusion of a band of amateurs and 
females must have filled the minds of 
the ordinary officer and the ordinary 
military surgeon. They could not un¬ 
derstand it; what had women to do with 
war? 

Miss Nightingale’s position was, in¬ 
deed, an official one, but it was hardly 
the easier for that. In the hospitals it 
was her duty to provide the services of 
herself and her nurses when they were 
asked for by the doctors, and not until 
then. At first some of the surgeons would 
have nothing to say to her, and, though 
she was welcomed by others, the ma¬ 
jority were hostile and suspicious. But 
gradually she gained ground. Her good 
will could not be denied, and her ca¬ 
pacity could not be disregarded. With 
consummate tact, with all the gentleness 
of supreme strength, she managed at last 
to impose her personality upon the sus¬ 


ceptible, overwrought, discouraged, and 
helpless group of men in authority who 
surrounded her She stood firm; she was 
a rock in the angry ocean; with her 
alone was safety, comfort, life. And so 
it was that hope dawned at Scutari. The 
reign of chaos and old night began to 
dwindle; order came upon the scene, 
and common sense, and forethought, and 
decision, radiating out from the little 
room off the great gallery in the Barrack 
Hospital where, day and night, the Lady 
Superintendent was at her task. Progress 
might be slow, but it was sure. . . . 

On one occasion 27,000 shirts sent out 
at her instance by the Home Govern¬ 
ment, arrived, were landed, and were 
only waiting to be unpacked. But the 
official “Purveyor” intervened. He could 
not unpack them, he said, without a 
Board. Miss Nightingale pleaded in vain; 
the sick and wounded lay half-naked, 
shivering for want of clothing; and three 
weeks elapsed before the Board released 
the shirts. A little later, however, on a 
similar occasion. Miss Nightingale felt 
that she could assert her own authority. 
She ordered a Government consignment 
to be forcibly opened, while the miser¬ 
able “Purveyor" stood by, wringing his 
hands in departmental agony.* 

6.2.2 Command through technical 
competence. Since the staff specialist has 
technical skills and knowledge not po,?- 
sessed by the line department, his advice, 
like legal counsel, may have to be ac¬ 
cepted. Also, renowned scientists and 
technicians in staff research departments 
may obtain acceptance of their ideas 
(or refusal of others’ ideas) on the basis 
of their reputations alone. Finally, rec¬ 
ommendations on such technical mat¬ 
ters as staff training, quality control, and 
safety are difficult for the non-profes¬ 
sional to dispute effectively and may, 
on that account, be accepted by the line, 
even though interference with operations 
sometimes results. 

6.2.3 Command through status. Many 
staff specialists are considerably higher 
in the management hierarchy and in the 
salary scale than the executives they ad- 

* Lytton Strachey, Eminent Victorians 
(New York; Harcourt, Brace and Com¬ 
pany, Inc., 1948), pp. 141-143. 
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Vise. They ar-e able to obtain acceptance 
on that account aS well as because of 
their technical competence. Staff spe¬ 
cialists may be fortified by such titles as 
"director,” “manager,” “vice-president,” 
and, occasionally, “member of the 
board.” 

Multiple infi.-nces on the line—that 
is, instructions from several sources 
rather than one—are found in many 
other fields. On the railroads, for exam¬ 
ple, the engineer is subordinate to the 
conductor, but he also obeys instructions 
of master mechanics, station agents, yard 
masters, and station masters. 

The danger of staff command may be 
illustrated by an examiile drawn from 
military history. In World War I, German 
staff officers assumed field command. The 
fateful retreat of the German First Array 
behind the Marne was directed by an 
emissary of the Chief of Staff, who ob¬ 
viously lacked the line commander’s first¬ 
hand knowledge of operations. Its sur¬ 
prised commander, w’ho wanted to move 
forward and take Paris, was not even 
consulted! Some authorities believe that 
this false step lost the war for Germany. 
Other failures have resulted from the 
attempt of general staffs to engage in 
major planning for the line wdth the 
result that line men became automatons. 

6.2.4 Command through sanctions. 
Line acceptance may be forced through 
the threat or use of sanctions. Staff 
sanctions may be so influential as to 
lead to demotion and removal of op¬ 
ponents, with the final result a hidden 
state of warfare between staff and line. 

If a line executive does not agree with 
the staff proposals, the staff men may 
appeal to the chief of the staff function, 
who may, in turn, appeal first to the 
line executive’s superior and then to the 
president, who could force the line to 
accept the staff counsel. As one company 
president explains this type of command: 
“In all cases, line supervision makes 
decisions. However, if there is a differ¬ 
ence of opinion betw'een line and staff 
on the lower levels, then the matter is 
referred to line and staff on the higher 
levels, with the line still being responsi¬ 
ble for making the decision. In very rare 


cases, when no agreement can be reached 
on extremely important matters, I will 
make the decision myself. This would 
be the case only when high-ranking staff 
officials feel that a line decision has been 
made which will have extremely serious 
consequences for the company.” 

6.2.5 Command by default. Impor¬ 
tant problems may exist on which no 
line action has been taken—personnel 
problems, for example. This may be due 
to lack of time or interest on the part 
of the line. More seriously, it may be 
difficult for top line executives to arrive 
at agreement m open negotiations with¬ 
out “losing face.” Consequently, the line 
executives may depend upon lower-rank¬ 
ing staff specialists an.d possibly their 
own staff assistants to reach agreement 
in informal discussions. 

For example, a personnel director in 
one company with a number of plants 
believed it would be advantageous to 
have all plants begin to work out pension 
agreements with the union at the same 
time. The research director of the per¬ 
sonnel department contacted the produc¬ 
tion planning staff specialists in the 
different plants and the staff assistants 
to the various plant managers, convinced 
them of the value of his superior's idea, 
ironed out difficulties with them, and 
got them to persuade their superiors. At 
the formal meeting of the plant man¬ 
agers, the personnel director, and manu¬ 
facturing vice-pre.sident, the agreement 
was formally ratified. With this really 
united front, the union locals ivere ap¬ 
proached. Such efforts on the part of 
younger staff and line executives to get 
agreement on technical problems are 
quite common in large corporations. 


6.3 RECONCILING STAFF SPECIALISTS 
AND LINE OPERATORS 

The following ajre a number of 
general proposals for integrating 
the activities of staff and line executives 
and for improving their relations. These 
may best be ex.amined in terms of the 
successive stages of reconciliation in- 
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volved in solving a typical staff-line rela¬ 
tionship problem. 

6.3.1 Integrating staff and line activi¬ 
ties. 1. Fam^arity with line operations. 
It is desirable that the staff sx}ecialist 
have some experience in the line so that 
he may know its problems and under¬ 
stand the kind of organizational rela¬ 
tionships necessary to its successful oper¬ 
ation. A number of companies make line 
experience a pre-requisite for staff work. 
Where such an arrangement is not possi¬ 
ble, an apprenticeship as “assistant to" 
a line executive might be arranged. In 
most instances, it will be desirable for 
the staff specialist to spend some time 
in getting acquainted with the line ex¬ 
ecutives and in finding out their prob¬ 
lems before making any recommenda¬ 
tions. 

2. Persuasion rather than command. 
The staff specialist should get line ex¬ 
ecutives to accept his ideas by using 
argument and negotiation rather than 
by forcing his authority upon them. His 
advice, therefore, must not only be 
sound; it must be tactfully presented as 
well. This requires much diplomacy on 
the part of the staff specialist. Sugges¬ 
tions should be integrated with line oper¬ 
ations and with other staff proposals and 
should be carefully considered and tested. 
Informal checks might be made with the 
line before the ideas are formally pre¬ 
sented to assure that they are practical 
and thus forestall any possible resent¬ 
ments. The ideas should be presented at 
the right time and in language under¬ 
standable to the operators. There should 
be scope for amendments. Finally, the 
staff specialist's proposal should not be 
introduced until it is approved in its 
final form by the joint superior of the 
staff specialist and the line executives 
affectei (many companies insist on the 
agreement of ail line executives). Al¬ 
though credit for success often goes to 
the operators, staff specialists must re¬ 
member that success is often as much 
dependent on them as upon the man on 
the line. Exceptions to the rule of staff 
consultation and coordination with the 
line should be made only imder ex¬ 
tenuating circumstances. 


V 

3. Use of informal approach. Lt. Col. 
Urwick advises us from his long experi¬ 
ence; 

Officially speaking, authority must be 
exercised only through the line superior 
—that is, with his approval and agree¬ 
ment. This does not mean, however, that 
all action must climb wearily up one 
chain of command, across the top, and 
down the other chain. Once a specialist 
has won the confidence of a line execu¬ 
tive and has no intention of infringing 
upon his authority over his subordinates, 
he can do 90 per cent of his work direct, 
provided he is meticulous in observing 
two precautions: (1) He should always 
have the common courtesy to inform a 
line executive of any action he has taken 
affecting any of his subordinates. (2) If 
there is the least chance of disagreement 
about any action, he should consult the 
line superior first. 

It might be thought that this careful 
observance of “official channels," with 
all the resulting paper work, must neces¬ 
sarily slow down business. But this con¬ 
clusion rests on a misunderstanding of 
what this paper work is for. It is “for 
the record,” a safeguard in case personal 
relations break down, not a primary 
means of getting work done. All the real 
work of the world in good organizations 
is done by men who trust each other. 
They agree on decisions on the tele¬ 
phone, using first names. Then they 
merely tell their secretaries to “file the 
confirmation when it comes through.” 
If there is the least chance of misunder¬ 
standing or disagreement they try to 
meet each other face to face; if you 
can’t see the other fellow’s eyes, you 
can’t really tell “what’s biting him.” 

4. Resolving disagreements. If the line 
should disagree with the staff specialist, 
the latter should continue his attempts 
to obtain agreement rather than enforce 
his ideas by assuming authority him¬ 
self or exercising it through others. 
Though staff promotion may gain verbal 
acceptance of a program, its successful 
execution can be sabotaged in many 
ways. 

Should an accepted policy be violated, 
the staff specialist should call this to the 
attention of the line executives con¬ 
cerned. If no agreement is reached, the 
matter might be carried to the head of 
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tlxe specialist function or to the joint 
superior of the two parties. In extreme 
cases, the dispute may be carried still 
higher up—eventually to the president or 
the board. The process of carrying out 
a staff policy (or gaining its acceptance) 
through persuasion, technical compe¬ 
tence, or appeal to a joint superior is 
a broadening of functional authority re¬ 
quiring very good judgment on the part 
of the staff specialists. 

Long friendship and, if necessary, a 
more tolerant interpretation of the rules 
can usually aid in settling disputes. If 
that is not possible, a written (or oral) 
statement of the recommendations not 
followed by the line may be given by 
the staff specialist to his superior and 
possibly to the joint superior. This would 
place on record the staff specialist’s po¬ 
sition and prevent him from being 
blamed for failure to recognize short¬ 
comings. It is usually best to leave mat¬ 
ters there rather than arouse animosity. 
However, if the disagreement between 
staff and line may hinder the staff's work 
in the future, the matter may be carried 
further. 

Orxasionally, the problem of disagree¬ 
ment is solved by giving the staff spe¬ 
cialists “concurrent authority," requiring 
the line executives to obtain staff agree¬ 
ment to carry out a proposed action. 
However, the line would still remain free 
to reject staff directions. 


6.4 KBCONCILING STAFF AND LINE IN 
LARGE COMPANIES 

In the large company, a number 
of special procedures may be re¬ 
quired to reconcile staff and line execu¬ 
tives. These procedures are divided into 
those which concern tower-ranking line 
executives and those which deal with 
higher-ranking line executives, 

6.4.1 Reconciling lower-rcnking staff 
and line executives. The first type of 
reconciliation concerns chiefly the rela¬ 
tionship of supervisors (assistant fore¬ 
men, foremen and general foremen, and 
possibly superintendentg) to the staff 
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specialists. The procedures involved in 
this relationdiip should be kept relatively 
simple so that they can be easily under¬ 
stock and followed. Outstanding for its 
treatment of the line-staff relationship 
for training at the lower supervisory 
levels is the Leader*i Guide of the Ford 
Motor Company, It should be remem¬ 
bered that the following procedures 
apply to a very large company and 
therefore may not be idoitical to those 
required by other, smaller concerns. 

The following principles, which should 
help govern the relationship between line 
management and the staff, are outlined 
to manufacturing supervisors at special 
training sessions. Printed summaries are 
later distributed to supervisors partici¬ 
pating in the training program: 

1. You Have Only One Boss. Note 
that you have only one boss on the line. 
There is only one spot in this whole 
organization chart from which you re¬ 
ceive your assignment of responsibility 
and from which you receive a delegation 
of authority. As a subordinate, recognize 
only one immediate supervisor. 

2. As a Supervisor, Give Equal Sup¬ 
port to Equal Subordinates and Only to 
Your Subordinates. You arfe the super¬ 
visor on the line to the subordinate.s 
below you. When it is necessary for you 
to transmit orders or policy statements, 
or give instructions and directions, you 
should do so only to your immediate 
subordinates—that is, to those on the 
line just below you. As a boss, you may 
have several subordinates. You may find 
it necessary to define the assignment 
of responsibility and the delegation of 
authority to each man individually, ac¬ 
cording to the merits and abilities of 
each. 

3. Directions Flow Down the Line, Re¬ 
ports Flow Up the Line. Directions, 
orders, instructions, etc., flow down the 
line. It is necessary for each supervisor 
to make interpretations to his subordi¬ 
nates. These should be stated clearly and 
understood by both the supervisor and 
subordinate. Reports flow up the line. 
Recommemlations, suggestions, and ideas 
are often submitted by a subordinate 
to his supervisor. Many of these will be 
of interest to the supervisor only. On 
the other hand, it may be advisable for 
him to make further report on certain 
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matters to his own supervisor on the line 
above him. Just how much he should 
keep and how much he should pass on 
up the line calls for the exercise of dis¬ 
cretion and good judgment on ku part. 

4 . Keep the Line Open. We should 
also keep the line open. As a supervisor, 
your subordinate may have submitted 
to you a recommendation on which you 
have taken no action. Your subordinate 
may feel that you have not used good 
judgment in doing this. He may feel that 
it is important enough to warrant pass¬ 
ing up the line for further consideration. 
If he discusses the problem with you, 
you may openly admit that, although 
you see certain difficulties that may 
prevent adoption of his recommendation, 
you have no objection if your subordi¬ 
nate goes above you on the line and 
presents his recommendation direct. Not 
only this, but you may go so far as to 
arrange for your subordinate to present 
his proposal to your supervisor with or 
without your presence and participation 
(some companies prefer both men to go 
together). This does not violate the 
principle to keep in line, because you 
have given your consent. If the proposal 
has merit, see to it that your subordinate 
gets the credit. If it has no merit, you 
will be given credit by your supervisor 
for having foreseen the difficulties that 
were involved. (In addition to keeping 
the line open, a line supervisor should 
serve as a buffer for his immediate su¬ 
perior to prevent obviously unnecessary 
or wasteful demands on the latter’s 
time.) 

5. Keep the Line Advised. Sometimes 
a break occurs in the line. It may be 
that one of your subordinates is at 
home, sick; or if you have pulled him off 
his regular job temporarily for a special 
assignment, it may be that you do not 
wish to have him disturbed. In trans¬ 
mitting directions down the line, it may 
be necessary for you to skip him and 
give those directions to the person next 
on the line below him. 

Similarly, if your supervisor cannot 
be reached or is out of town, and you 
must report on some matter, it may be 
necessary for you to skip him and make 
the report to the supervisor next on the 
line above him. 

Whenever a line supervisor skips an 
echelon of supervision above him in 
passing on information or below him 
in giving instructions, he should advise 


Uie supervisor concerned as soon as 
practicable. 

6. Aeaodatee Support Back Other. As¬ 
sociates working together should sup¬ 
port each other. If we support the 
associates we work with, they, in turn, 
will tend to support us. We shall get 
each job done more quickly and at the 
same time pave the way for close co¬ 
operation in future jobs. 

7. An Associate on the Line Has ATo 
Authority ovet an Associate on the Staff, 
and Vice Versa. Ordinarily the staff has 
no authority to command or direct that 
certain action be taken on the line. 
Their suggestions may or may not be 
accepted by the line. 

If a staff recommendation is made to 
a member of management on the line, 
and it is not accepted, there is a possi¬ 
bility that later the same recommenda¬ 
tion may be accepted by your supervisor 
on the line. In this case, he may tran.smit 
the decision as a directive down the line 
to you. You as subordinate will be re¬ 
sponsible for carrying out the directives 
of your supervisor. Responsibility for 
acceptance is his, not yours. 

If you feel that there are valid reasons 
why the proposal should not have been 
accepted, you still have the privilege of 
discussing the matter with your super¬ 
visor. But, until he has changed hi.s de¬ 
cision, you are bound by your line 
responsibility to carry out that directive 
as it was originally given to you. 

It should be noted that at some large 
companies, staff personnel may be dele¬ 
gated specific authority to act in cer¬ 
tain matters on behalf of line manage¬ 
ment, and in such cases the staff, as 
representatives of line management, may 
exercise “functional” supervision over the 
line. In any large, complex operation, 
such flexible lines of demarcation between 
line and staff are mandatory if line man¬ 
agement is to be relieved of part of the 
burden of handling details. 

6.4.2 Reconciling higher-ranking staff 
and line executives. In the large com¬ 
pany, the relationship between the 
higher-ranking staff and line executives 
within a branch, as well as their relation¬ 
ship with staff headquarters, constitutes 
a serious problem. 

This problem may be most clearly 
studied when a company shifts from 
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direct supervision of headquarters staff 
over the branch or regional staff to 
supervision by a newly appointed re¬ 
gional general manager. In the following 
example, the regional staff men, who had 
been directly responsible to the head¬ 
quarters staff men, became responsible to 
the regional general manager after de¬ 
centralization took place, retaining an 
advisory relationship with their former 
headquarters staff. The regional depart¬ 
mental managers’ reaction to the change 
varied all the way from an attitude of 
complete severance of connections with 
headquarters (“I don’t know what head¬ 
quarters will do now that I do all the 
work”; “Maybe they’ll have to play 
golf to keep busy now’’; etc.) to a 
conviction that no change had taken 
place in the relationships (“I have a 
continuous pipe line to headquarters’’; 
“Whenever I need any help I call head¬ 
quarters’’; “There is going to be no 
change in my job”), A minority thought 
the regional general manager “would con¬ 
tinue as coordinator,” “was too busy,” 
“did not have experience and knowledge 
of headquarters,” “could be sold easily,” 
“w'as just a formality.” 

The general atttitude that prevailed 
among the regional departmental man¬ 
agers was one of perplexity and 
apprehension regarding the staff-line 
relationships. For the most part, they 
were concerned about personnel in¬ 
creases, specific operating decisions, and 
their own promotions. Who would have 
the major say—their former headquar¬ 
ters staff superior or their new superior, 
the regional general manager? 

In the large company with a number 
of plants, a basic problem in line-staff 
relationships is whether the staff spe¬ 
cialists are to be independent of the plant 
operating executives or responsible to 
them. Independence would mean that 
headquarters staff specialists would ad¬ 
vise line operators at the plants directly 
from headquarters (and possibly also 
through subordinates in the plants). This 
procedure has the advantage of saving 
the expense of duplicate staff units in the 
plants and avoiding the dangers of para¬ 
sitic growth at every level of command. 


IMi 

It would make possiUe the full advan¬ 
tages of large-scale specialization. It 
would encourage uniformity of policies 
and procedures as well as coordination 
from the coiter. Auditing control in 
financial matters (e.g., accounting meth¬ 
ods) might be more reliable if the plant 
financial specialists report directly to 
headquarters. 

However, the centralization of staff 
specialists might also entail serious dis¬ 
advantages. For example, it might under¬ 
mine effective leadership at the operating 
unit (the plant). If a plant manager is 
subject to a variety of regulations, which 
may often be too insensitive and too 
rigid to be applicable to local conditions, 
his initiative and leadership may suffer, 
especially if headquarters is out of touch 
with the “feel” of the local plant situa¬ 
tion. Serious conflicts may result between 
the staff specialists, who may have to 
act strictly to enforce headquarters 
thinking, and the plant manager, who 
may wish staff specialists to have merely 
an advisory relationship. 

One way of overcoming this difficulty 
might be to set up the operational unit 
as a separate entity, as far as possible. 
The plant manager would receive all 
the decision-making powers necessary for 
the most successful possible day-to-day 
operations, and obtain from staff spe¬ 
cialists any aid necessary to that end. 
Should the suggestions of local staff spe¬ 
cialists, who are responsible to the plant 
manager, prove more applicable to a 
particular situation than advice or action 
from headquarters staff specialists, the 
former would be adopted. For example, 
though concentration of toolmaking or 
purchasing at headquarters may result 
in considerable economies and advan¬ 
tages, these may be offset by the frustra¬ 
tions and delays at the local plant 
level. 

For purposes of clarification, a staff¬ 
line relationship is outlined in Fig. 
1.6. This has been adapted from a 
suggestion by Sir Charles Renold, Chair¬ 
man of the British Institute of Manage¬ 
ment, and Chairman of the Renold and 
Coventry Chain Co., Ltd. In this chart, 
the activities of a large corporation are 
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broken down into manageable areas. A 
large niunber of separate plants are held 
together by headquarters, which exer¬ 
cises a. kind of federal authority. Here 
the top staff specialists of the various 
functions assign general spheres of ac¬ 
tivity, help to provide financial support, 
make long-range and highly specialized 
plans, review results, and are available 
for advice to the second tier, the reponal 
or group level. The regional level again 
provides all the specialist services neces¬ 
sary to operate the region as a rational 
and, as far as possible, self-contained 
unit. The third tier is the division, which 
consists of several plants and again is 
operated on a self-contained basis. The 
fourth level, the plant, has its own set 
of plant specialists directly responsible 
to the plant manager, who, at the same 
time, accept advice from the staff spe¬ 
cialists of the division. The plant is 
still subject to overriding uniformities 
in such matters as personnel policy, 
accounting, operating and capital budg¬ 
ets, and other top management functions 
(discussed below), but it operates with 
considerable freedom. Its size may vary 
from a few hundred to a few thousand 
employees. 

Such a rational operating imit in in¬ 
dustry may, in some ways, be compared 
to a single ship in the navy, as has been 
suggested by Sir Charles Renold. The 
ship is a self-contained unit, and ail its 
major relationships are handled by the 
captain, even though he may be subject 
to certain overriding influences by larger 
units—the squadron, the fleet, and the 
commander-in-chief of all the fleets. The 
relationships between such different 
levels or units within a company may be 
improved by such techniques as the 
following: 

1. Physical separation of headquarters 
and the regions in order to avoid an 
excessive degree of mutual interference. 

2. The utilization of a policy manual 
to acquaint line organization with the 
functions, relations, and use of staff de¬ 
partments. 

3. Regular interchange of information 
on the activities of regional departments 
and headquarters, through bulletins, re¬ 


ports, meetings, interchange of personnel. 

4. The appointment of a top official 
to act as part-time intermediary and 
impartial umpire between headquarters 
and plant in case of disagreement. 

It is clearly impossible to lay down 
hard-and-fast rules for staff specialists’ 
relationships. In general, however, the 
maximum possible scope for personal 
initiative within the organizational 
framework, consistent with the lowest 
relative costs, would seem to be de¬ 
sirable. 


7. COMMITTEE WORK 

Group action is increasingly char¬ 
acteristic of American manage¬ 
ment, especially in the larger corpora¬ 
tions. Of .150 multi-unit-companies 
surveyed by the author, 110 reported 
that they have one or more committees 
meeting regularly. More than half of the 
companies studied have a general man¬ 
agement committee to discuss problems 
of over-all company significance. Some¬ 
times this general committee consists of 
full-time working directors. In most cases 
it is composed of working directors of the 
board and the heads of the major func¬ 
tions of the business. Meetings are held 
at regular intervals and committee duties 
are only part-time obligations. 

In addition to the general management 
committees, many companies have func¬ 
tional committees with limited authority 
over a particular aspect of the business, 
such as production, sales, or personnel. 
In addition, frequent informal group 
meetings are held. 

The major requirements for success of 
committee operation may be summarized 
as follows: (1) Work of committees 
should justify their costs. (2) The prin¬ 
ciples of effective group action should 
be applied. (3) Committee mechanics 
should be arranged so that meetings will 
not be hampered by procedural difficul¬ 
ties. (4) Only subjects that can be han¬ 
dled better by groups than by individuals 
should be selected for committee discus¬ 
sion. 
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7.1 JUSTiPiCATicw TOB SETTING UP of communication among the repreaenta- 
COMMITTEB 


rhe aim of committee work is to 
get a more comprehensive view of 
a given problem than can be obtained 
from any single member. If one member 
of the group gets his particular view ac¬ 
cepted by dominating the rest, he might 
just as well have made that decision out¬ 
side the committee meeting. Similarly, a 
compromise can often be reached without 
a committee meeting. If we accept profit 
maximization as the company's over-all 
objective, then the purpose of a commit¬ 
tee meeting is to obtain a result that con¬ 
tributes more to company revenue than 
the expenses it entails. 'This is hard to 
measure. However, positive committee 
contributions to company revenue may 
include: 

1. Problem-solving. Many problems of 
management are complex and affect dif¬ 
ferent functions; often their impact is 
company-wide. Decisions must be made 
on que.stions to w'hich there is no clear- 
cut answer, but where feeling, "instinct,” 
and personal opinion play a vital part. 
Some decisions require the counsel of 
experts in various fields. Since the view of 
each is somewhat different, the synthesis 
of their opinions should be better than 
those of any one person involved. More¬ 
over, long-run con.si derat ions are more 
likely to be emphasized in a group deci¬ 
sion. Other problems require the con.«uI- 
tation of two or more dejiartments for 
proper balance and an over-all view, e.g., 
determining levels of output on the ba.sis 
of probable sales. Individuals are safe¬ 
guarded against the danger of thinking 
too long alone. The stimulation of par¬ 
ticipation may lead to better ideas and 
their more wholehearted acceptance. 

2. Coordination of related functions. 
Committee work makes an important 
contrilmtion when i;s member^ meet in 
order to determine what parts, they shall 
take in a pre-determined course of action 
in order to avoid overlapping or working 
at cross purposes. This function of the 
committee is especially important when 
there is no other means of coordination. 
The committee also may serve as a means 


tives of large groups. 

3. More comple^ acceptance of a deci¬ 
sion already reached. Making a decision 
does not, of course, ensure that it will be 
carried out effectively. If those affected 
by the decision disagree with it or are 
aggrieved because they were not con¬ 
sulted, they may oppose its execution in 
many ways. The committee offers an 
opportunity to air arguments against a 
proposed action and clarify its advan¬ 
tages. 

4. Training. Participation in commit¬ 
tee meetings may be used to help to train 
younger executives and give top manage¬ 
ment a chance to observe them in action. 

Again.st these possible contributions to 
company revenue must be set the follow¬ 
ing gross costs (whi(jh should be com¬ 
pared to the revenue and cost of handling 
the problem through individuals): 

1. The direct cost of the committee, 
such as the time of the committee mem¬ 
bers in preparing for the meeting and at 
the meeting itself, the expenses of the 
committee staff and secretary, the cost of 
office space and clerical work, the time 
spent traveling to and from meetings 
(important in large companies where 
executives may have to travel some dis¬ 
tance). 

2. Additional expense may arise from 
committee work because of the lack 
of responsibility for results on the part 
of committee members. Since a group of 
persons cannot be held responsible m the 
same .sense as an individual, decisions 
may not be properly carried out. 

Neither the committee as a whole nor 
any individual member can be criticized 
effectively. If the group takes action that 
is not well received, no individual can be 
blamed. Unpleasant questions or prob¬ 
lems can easily be shelved. Committees 
also are expen.sive, because they tend to 
be bad employers. The indi>'idual sub¬ 
ordinate finrls It hard to know whom and 
how to plea.«p. If he does take action, 
some member of the committee may dis¬ 
agree with it; if be does not, be may be 
charged with negligence. This complaint, 
familiar among employees of club com¬ 
mittees, was given prominence when Car- 
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roll L. Wilson resigned in July, 1960, as 
general manager to the Chairman of the 
Atomic Energy Commission, warning 
that the five-member Atomic Energy 
Commission was drifting toward a policy 
of “management by committee”: “I have 
serious apprehension that the ultimate 
projection of this trend will result in a 
cumbersome, slow-moving administrative 
machine which is incapable of giving the 
country the kind of direction needed to 
maintain and increase our leadership in 
the atomic field.” More recently, a 
scientist charged that the members of the 
A.E.C. Advisory Committee were acting 
like the passengers in an automobile 
where each had control of the brakes; no 
progress could be made until all the 
advisers agreed. 

If these criteria for cost and benefit 
appear too complicated and inaccurate, 
it might be possible to estimate regularly 
for each committee the total number of 
man-hours involved in a year of meet¬ 
ings, as follows: 

1. Multiply the number of meetings 
per year by the average number of hours 
per meeting and the average number of 
executives attending a meeting. 

2. Add the number of hours spent by 
the secretarjf and his staff in planning 
meetings, distributing agenda, writing 
minutes and recommendations, etc. 

3 Multiply the total man-hours by an 
average hourly salar\' cost figure. 

4. Estimates might be made for the 
past and the coming 12 months. 

5. List past accomplishments and esti¬ 
mate their possible monetary value, 

6. Attempt to determine how the func¬ 
tions assigned to the committee would 
be carried out if the committee were, 
abandoned. 

The study should conclude with a 
recommendation as to the committee’s 
future. 

The committee may meet merely to 
satisfy the chairman’s ego. Free discus¬ 
sion may be curtailed for fear of offend¬ 
ing others. The committee may operate 
as a rubber-stamp for an individual or a 
clique. Agreements may be made for 
agreement’s sake, as a result of horse¬ 
trading or log-rolling, entailing imde- 


sirable compromises. Certain individuals 
may have blind spots or may be overly 
articulate, may fail to express tb«n- 
selves adequately, or may fail to carry 
their share of the work and responsibility 
entailed. Committee decisions may be 
slow; they may not be carried out or 
may be inadequately followed up. The 
tactics of “agreement” may be bull¬ 
dozing, withholding facts, maneuvering 
a prior majority, falsification of data, 
“guiding” agreement, intrigue, sabotage, 
or giving only the semblance of democ¬ 
racy by letting ever>'one talk and then 
forcing agreement to a decision reached 
before the meeting began. Individual 
contributions to discussion may be ir¬ 
relevant or designed only to impress a 
superior. The committee may exceed its 
authority or, at the other extreme, may 
be lax in exercising it. 


7.2 APPLYING PRINCIPLES OF GROUP 

EFFECTIVENESS 

It is an erroneous assumption that 

anyone can be a good committee 
member. The proper role in a group is 
a difficult art, mastered by relatively few. 
Although almost everyone spends much 
of hi.s working (and social) life with for¬ 
mal and informal groups, only rarely is 
there systematic training for effective 
group behavior at any stage of a person’s 
career. One of the few companies that 
have supplied informal training in com¬ 
mittee management is the Standard Oil 
Company of New Jersey. In general, 
however, knowledge of and training in 
committee work have been acquired 
largely through experience, which has 
often been costly. 

Successful committee action requires 
selection of members who are able to 
express themselves in the presence of a 
group. It is surprising how many other¬ 
wise able individuals find themselves 
completely tongue-tied when confronted 
by a small audience. The objectives and 
limitations of the group must be con¬ 
sidered, The committee requires only 
those contributions that will advance 
group thinking (without necessarily ad- 
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vancing the indivhiliial). Conflicts must 
be resolved by integration rather than 
by domination and compromise. Group 
work calls for emphasis on concrete con¬ 
siderations and practical actions rather 
than undue preoccupation with theoreti¬ 
cal matters. 

Some of the elements of effective group 
participation have been systematically 
studied in the course of the human rela¬ 
tions research sponsored by the United 
States Navy.* Some of the hypotheses 
and findings (as a rule based on small 
samples) may be adaptable to manage¬ 
ment committee work; 

Productivity of the committee is said 
to vary with: 

1. The urgency of the problem (pres¬ 
sure to show results may lead to concen¬ 
trated and economical committee work 
or to impressive accomplishments on 
paper only). 

2. Power to make decisions. (Dele¬ 
gation of responsibility may move par¬ 
ticipants to exercise it, but collective 
responsibility to make decisions does not 
necessarily mean that they will be made 
or that, if made, they will be superior 
to individual decisions.) 

3. Ease of communication, degree of 
mutual understanding and freedom to 
participate. Freedom of expression is 
vital in getting results. (However, if con¬ 
sideration is not shown to the feelings of 
others, it may be a mixed blessing.) 

4. Orderly treatment of problems. 
(However, treatment may be too orderly 
with consequent loss of flexibility.) 

5. Intelligence and originality on the 
part of individual group members. 

The extent of agreement among the 
members of the group is said to be 
greater: 

1. The stronger the attraction among 
individual participants in the group; 

2. The more personal friendship there 
is among members of the group, for 
opinions can be more easily changed; 

3. The greater the uniformity of the 
group; 

4. The fewer dissenters present; 

5. The more readily each reacts to an¬ 
other’s action; 

* Harold Guetzkow, ed., Groups, Leader¬ 
ship and Men (Pittsburgh: Carnegie In¬ 
stitute of Technology, 1961). 


6. The greater the cooperation and 

the less the competition. 

There is little disagreement with these 
propositions. Most of them are self-evi¬ 
dent, though it is valuable to have had 
them tested. The point that needs to be 
questioned is the desirability of agree¬ 
ment for its own sake—for if everyone 
agrees, what contribution does the meet¬ 
ing make? There is no advantage to the 
company or to the participants from 
meetings that merely satisfy the ego of 
the top executive present. Sessions held 
to bring about agreement may have some 
value. But the real test of the committee 
is its effect on company revenue. Its con- 
.tribution to “morale” (whatever this 
vague term actually means) may be im¬ 
portant, especially in relations between 
the management and other parties in the 
enterprise, such as labor. But, over-all, 
the economic test would seem the most 
important one. 


7.3 COMMITTED MECHANICS AND 
ELIMINATION OF PROCEDURAL 
DIFFICULTIES 

7.3.1 Definition of function and 
scope. The first step in successful 
committee action is definition of the 
function and the scope'of the committee. 

7.3.2 The size of the committee. Next, 
the proper size of the committee needs to 
be determined. With less than five or six 
members, it may not realize the advan¬ 
tages of group work. On the other hand, 
if there are more than 15 or 16 members, 
the group becomes a crowd, (jrenerally 
speaking, the larger the committee, the 
greater the areas of disagreement; and 
the harder it is to reach a decision, the 
greater the expenses involved. On the 
other hand, a larger committee is usually 
a more representative group, draws upon 
broader and more diversified exi)erience, 
and makes it possible to reach more peo¬ 
ple. By bringing in experts where needed 
and through the use of sub-committees, 
it may be possible to obtain the advan¬ 
tages of a large group wi^out making 
the group unwieldy. The specific size of 
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the committee depends on many fac¬ 
tors: the type of problems to be discussed, 
the competence of the participants, the 
homogeneity of the group, the degree of 
integration of its members, the nature 
of the participation required, the amount 
of face-to-face contact that has existed in 
the past, the clashes of interests that may 
be expected. 

7.3.3 The chairman. Perhaps the most 
important aspect of the mechanics of 
committee work is the choice of the 
proper chairman. The man who presides 
exercises great influence. His age, experi¬ 
ence, or status in the company often 
enables him to make or break the com¬ 
mittee, even though in theory he may 
be merely ‘The first among equals.” This 
strength of position also imposes grave 
responsibilities—he must avoid imposing 
his own opinion or relinquishing his 
powers to other members. An an example 
of an “ideal type” of chairman, the 
scientist Carl Alsberg may be cited:* 

He was an intermediary, marshaling 
expert advice and cooperation from 
whatever department they were needed. 
When he sought information or assist¬ 
ance, he was scrupulously careful to drop 
in on his informant and never to request 
anyone, even his junioVs, to come to 
him. Alsberg never tried to make an 
impression. His simplicity was disarm¬ 
ing. The delightful informality of the 
man, the total absence of selfishness, the 
complete reasonableness, and the under¬ 
standing of the other person’s point of 
view instilled confidence. The sincerity 
with which he could place the welfare 
of an institution, of science, or of any 
worth-while endeavor above minor con¬ 
siderations inspired cooperation. "Net 
scheme of cooperation can woik better 
than the cooperators are willing to per¬ 
mit," he observed. The task of creating 
the will often felt to him. Yet in these 
dealings with others there was never a 
trace of personal ambition, or insin¬ 
cerity, or a desire to wield power, but 
only an eminent reasonableness in be- 

* The quotations were taken from Hob- 
ert D. Calkins, “University Professor and 
Administrator,” in Carl Alsberg, Scientist 
at Large, edited by Joseph S. Davis, Stan¬ 
ford: Stanford University Press, 1948, pp. 
76-78, 94-96, 99-100, 
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half of ends to which he had a fair- 
minded attachment. 

In meetings he was informal and casual 
but adroit. He would at times appear 
to ramble far from the subject, in order 
to bring out forcefully and effectively 
in the end some relevant point He knew 
how to intercede. By taking a recalci¬ 
trant committeeman's si^le and stating 
for him a generous version of his views, 
and then by showing the basis on which 
agreement might be reached, Alsberg 
could often win the recalcitrant over, 
maintain harmony in the group, and earn 
the gratitude of his confrere,s 
Committees were to Alsberg more 
than a way of reaching group decisions. 
They were a medium of communication, 
helpful if not essential to understanding 
and cooperation in any large organiza¬ 
tion. 

7.3.4 The secretary. The decisions 
of a group of executives usually are 
recorded and communicated to others 
in writing. Oral communications may be 
misunderstood and may not reach all 
those concerned. In theory, the secretary 
ha.s no influence on the committee’s de¬ 
liberations. His task is merely to record 
what has occurred in the meetings. But 
that task involves a selective process 
that imparts much power. The secretary 
also may influence the committee if he 
is asked to prepare data and investigate 
material for the committee’s considera¬ 
tion or to formulate the agenda. His 
power is enhanced when the chairman¬ 
ship is rotated frequently. As in the case 
of the chairman, an appreciable differ¬ 
ence between the secretary’s nominal and 
actual authority may cause jealousy and 
dissension. 

7.3.5 Getting action. To insure ac¬ 
complishment of desired results, commit¬ 
tee members should give some advance 
thought to the ’deliberations. In many 
committees the problems to be con¬ 
sidered are broken down into manageable 
portions and analyzed well in advance; 
relevant documents and reports are sent 
to participants several days before the 
meeting for study. During the meeting, 
the ba-sic problems are broken down into 
their major components and all points 
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of view are presented. Committee meet¬ 
ings may end with a summary of proceed¬ 
ings to unify the main points of the dis- 
cu.ssion. Definite action may be decided 
on and .assigned to special committees or 
subcommittees. Provision is also made for 
follow-up on these committees’ activities. 
Many who are experienced in committee 
work are opposed to formal voting be¬ 
cause it tends to split the group. They 
prefer adoption of a solution correspond¬ 
ing to the “sense of the meeting”—i.e., 
the consensus of the group—^if this can 
be arrived at. However, votes are useful 
in establishing a firm decision for the 
record. Voting has been used successfully 
by a number of committees that operate 
informally. The division of the vote is not 
communicated outside the committee. 

7.3.6 Scheduling the meetings. Many 
feel that committee meetings should be 
bunched together to leave plenty of unin¬ 
terrupted time for work. For ex.ample, 
General Motors groups all committee 
meetings into two periods each month, 
with two meetings on consecutive days in 
New York and two or four consecutive 
days in Detroit. 


7.4 SELECTING SUBJECTS FOB COMMIT¬ 
TEE DISCUSSION 

For every group action leading to 
a decision there is the alternative 
of individual action The basic issue is 
whether group decision-making (through 
a formally established committee or con¬ 
ference or through informal meetings) is 
superior to individual action. 

To make the comparisons necessary, 
management activities may be broken 
down into such categories as planning, 
control, and organization, and the respec¬ 
tive merits of individual and group 
action for each management activity 
analyzed. 

The author attempted to find out, 
through interviews with executives and 
inspection of records in a score of large 
companies (not necessarily representa¬ 
tive) the relative merits of individual and 
group action. A rough estimate was made 
of the propoition in which different man¬ 
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agement activities: (a) can be exercised 
effectively by committee (group) action; 
(b) can be exercised effectively by com¬ 
mittee action, but more effectively by 
individual action; (c) can be exercised 
by individual action, though supplemen¬ 
tation by committee action may be help¬ 
ful ; (d) require individual action because 
committee action is ineffective. 

To summarize these rather rough 
breakdowns of the sample of 20 multi¬ 
unit companies, committee action seems 
to be definitely superior in settling ques¬ 
tions that may give rise to jurisdictional 
disputes within the company; individual 
action .seems to he superior in providing 
leadership, in organization structuring, 
in execution, and in decision-making. 
Committee action is slightly superior 
in communication, but slightly inferior 
in planning, formulating objectives, and 
administration. Committee action is ap¬ 
proximately equal to individual action 
in control, technical innovation, and 
advisory activities. 


8 . DECENTRALIZATION 

The acid test of managerial decen¬ 
tralization is the degree to which 
executives participate in decision-making. 
Or it may be put in this way: How far 
has the company moved away from one- 
man control of all major decisions? Tra¬ 
ditionally, many of the early economists 
and bu.siness writers described the aver¬ 
age enterjinsc of their day as a one-man 
business, run by the owne.~-manager. 
Thus the great economist Alfred Marshall 
spoke of the employer as “himself exer¬ 
cising a general control over everything 
and preserving order and unity in the 
main plan of the business.” And this 
description seems to have fitted the typi¬ 
cal nineteenth-century business decision¬ 
making rather accurately. Since then, of 
course, the locus of decision-making has 
moved from the owner-manager to 
the professional manager. It is no longer 
true that "where the risk lies there also 
lies the control.” As a matter of general 
practice, provision is frequently made, 
either by statute or charter, for delegat- 
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ing the direction of the company from 
the owners or stockholders to a specially 
selected board of management, commonly 
known as the board of ilirectors, designed 
to act on behalf of the owner. 

In addition to the delegated framework 
for the exercise of the powers conferred 
upon the board of directors, there are 
the statutory corporation law, the char¬ 
ter and certificate of incorporation, as 
•well as the by-laws drafted and accepted 
by the stockholders. These are the arti¬ 
cles which govern the conduct of the 
business in a broad sense. The board of 
directors usually has wide grants of 
j)ower, including the power to amend or 
enact the by-iaw.s. 

The board of directors in turn usually 
delegates a major part of its powers to 
the company’s chief executive, who i.s the 
president or—le.ss frequently—chairman 
of the board of directors, or a combina¬ 
tion of the two. The chief executive pos¬ 
sesses very great powers, as a rule. One 
important question in decentralization, 
therefore, is this: Which powers does the 
chief executive reserve for him.self and 
which does he delegate to his subordi¬ 
nates? The actual degree to which major 
decisions are delegated in a particular 
company may, for example, be deter¬ 
mined by use of a questionnaire. 


8.1 DECENTRALIZATION AS A CRITERION 

OP ORGANIZATION 

In and of itself, managerial decen¬ 
tralization is neither desirable nor 
undesirable. We must apply certain cri¬ 
teria in order to evaluate it. One such 
criterion is economic efficiency: At what 
point in the management hierarchy and 
by what individual is a particular deci¬ 
sion made most efficiently? Is a particu¬ 
lar function exercised or a service per¬ 
formed more cheaply if it is “centralized” 
or “decentralized”? It is impossible to 
say in general that either centralization 
or decentralization is more efficient. It 
depends on the type of decision involved. 
The more costly a mistaken decision, the 
higher up it should be decided (provided 
the higher-ups make fewer mistakes 


in the matter under question). Obviously, 
the price to be paid for a major raw 
material purchase would be better de¬ 
cided by top management than by a fore¬ 
man. On the other hand, the less costly 
a mistaken decision, and the greater the 
need for a speedy decision, on the spot, 
the nearer to the source of origin it 
should be made. 

It should also be borne in mind that 
the same degree of decentralization need 
not apply to men doing the same work 
or having similar status. For example, in 
a textile plant, certain decisions regard¬ 
ing the quality of finished goods can be 
made at the point of operation, since the 
disadvantage.^ of a wrong decision to the 
company s reputation might not be suf¬ 
ficiently important to warrant control 
at a higher point in management. How¬ 
ever, in quality control of pharmaceuti¬ 
cals, an error may be of such consequence 
to the company’s reputation that every 
safeguard must be imposed to prevent a 
wrong decision. In such a situation, the 
quality control director should probably 
report to the president or at least to 
a senior officer. 

Finally, the same degree of decision¬ 
making power may be given to two men 
doing the same job and the economic 
result may be entirely different. Different 
personalities may have completely dis¬ 
similar abilities to exercise judgment 
when on their own. This will be obvious 
to any reader who considers the decision¬ 
making ability of those about him—how 
some cannot be trusted to do anything 
right unless they check each time before 
they make a move, how others unfail¬ 
ingly come up with the right answers by 
them.selves and would merely be ham¬ 
strung if they were more closely con¬ 
trolled. 

Just as decentralization is not neces¬ 
sarily good dr bad from an economic 
point of view, the same holds tnie from 
a non-economic standpoint. It is widely 
believed that even if decentralization can¬ 
not be justified on economic grounds, it is 
worth while becau.se it is “democratic.” 
But the term “democracy” is a con¬ 
cept of political science. It is based on the 
premise of man’s equality. In business, 
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men are not equal in every sense— 
for, obviously, their salaries, status, and 
power differ. Therefore, it would seem 
itiappropriate to apply this term to busi¬ 
ness relationships. Nor is decentralization 
necessarily advisable because it involves 
participation. Participation may be de¬ 
sirable, but it may not be practicable 
under many circumstances. Moreover, 
.some executives do not wish to assume 
the responsibilities that participation en¬ 
tails; they may prefer an authoritarian 
relationship. And even wl'-ere executives 
desire participation, extra, expenses en¬ 
tailed for additional staff and the slowing 
down of decision-making may not be 
offset by the benefits to be derived. 

Knowledge of the locus of decision¬ 
making within the company at best pro¬ 
vides only a partial answer to the nature 
of its decision-making. To have a more 
complete picture, one must also know 
how decision-making is divided between 
owners and management hired by the 
owners, the impact of outside forces 
(government, consumers, financial inter¬ 
ests, labor unions) on the company’s 
decisions, and the relative emphasis given 
decisions involving short-run and long- 
run questions. 


8.2 FACTORS AFFECTING THE DECISION 
TO DECENTRALIZE 

Since decentralization is not of it¬ 
self a criterion of a good organiza¬ 
tion, on either economic or non-econoraic 
grounds, we must apply certain criteria 
in order to determine whether, and to 
what degree, decentralization is advisable 
in any given situation. 

In this connection the following factors 
may serve as tools of analysis: (1) size of 
the company, (2) nature of the com¬ 
pany's business, (3) economic trends, (4) 
political trends, (5) management philoso- 
phyj (6) personality, and (7) nature of 
the individual management functions. 

The basic standard underlying this 
analysis will be profitability—i.e., to 
what extent will delegation of decision¬ 
making lead to a reduction in unit costs 
by lowering salary expense on given 


decisions? To w'hat extent can profits 
be increased through improved decision¬ 
making—either directly or indirectly? 

8.2.1 Size. The cost of making deci¬ 
sions generally tends to be higher the 
farther away they are made from the 
point at which the problem arises. More¬ 
over, the decision itself may be less satis¬ 
factory. The larger the size of the firm, 
the more numerous the decisions that will 
have to be made, the longer it will take 
to make them at- the top, where they ac¬ 
cumulate. Similarly, the greater the time 
and the physical distance involved, the 
more extensive and complex will be 
the process of communicating accurately 
the decision to everyone concerned. And, 
finally, the larger the size of the com¬ 
pany, the harder it will be to have the 
decision carried out as effectively and 
expeditiously as might be desired. 'To cite 
one instance, at a large company a study 
of the evolution of several policies 
showed how difficult it was to arrive at 
a decision. It was found that decisions 
made at the top often reached the fore¬ 
men in a very garbled form and their 
application was quite different from what 
was originally intended. 

The big firm may well be a series of 
wheels within wheels, an elaborate hier¬ 
archy in which every decision requires 
the consulting of this man, the referring 
to that man, the permission of a third, 
the agreement of a fourth, and the in¬ 
forming of a fifth—so that decisions may 
become endlessly delayed. Where deci¬ 
sions must be reached frequently and 
quickly, such an organization, unless 
despotically controlled, may find itself 
paralyzed—and, if it is in fact a despot¬ 
ism, much of the benefit of specialist 
services and advice may be lost. The 
small firm, on the other hand, may be 
more often and more successfully des¬ 
potic. The decisions are those, as a rule, 
of a single individual, made quickly and 
decisively. 

To illustrate, contrast the process of 
decision-making in a mnaU and a large 
firm. An oil company, we shall assume, 
is considering whether to undertake the 
heavy expends of drilling a series of oil 
wells. The opinions of the departments 
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affected are sampled. The exploration de> 
parbnent may be convinced that it will 
be a highly profitable venture. The pro¬ 
duction department has estimated the 
cost and has determined the probable 
jrield of the investment.' The treasurer 
has the funds, but may be doubtful about 
the returns as compared with those ob¬ 
tainable through other uses of the funds. 
The sales department may not be cer¬ 
tain about the possibilities of selling the 
additional refined products profitably. 
The personnel director may not be sure 
about the availability of the necessary 
skilled personnel. In some way or other, 
the chief executive and the board of di¬ 
rectors will have to weigh these different 
considerations against one another and 
reach a decision. How much simpler is 
the decision where the chief executive is 
Just a “wild-catter.” He decides by “feel,” 
hunch, and hearsay, superimposed on 
highly specialized technical knowledge. 

A reduction in the size of the decision¬ 
making unit, by splitting an existing 
large imit into several units, each smaller, 
and delegating to each decision-making 
powers, may bring about considerable 
increases in efficiency, in such ways as the 
following; 

1. Executives will be nearer to the 
point of decision-making; Delays of 
decisions, caused by the necessity of 
checking with headquarters and/or top 
officials, are reduced by managerial 
decentralization. Since people on the spot 
usually know more about the factors 
involved in the decisions than those fur¬ 
ther removed (by physical distance and 
authority), and since speedy decisions 
may often be essential (competitors may 
move in otherwise), such a delegation of 
decision-making is advantageous. It also 
saves the considerable expenditure of 
time and money involved in communica¬ 
tion and consultation before the decision 
is made. These savings may increase as 
the geographical dispersion and the vol¬ 
ume of company activities increase. (A 
notable example of a chief executive who 
believed in the delegation of decision- 
niaking was Samuel Zemurray, former 
President of the United Fruit Co., who 
made his division managers’ autonomy 


real by his stock message in reply to 
questions: “You’re tiiere, we’re tore.”) 

2. Efficiency may be increased because 
there may be a better utilization of the 
time and availability of executives, some 
of whom may formerly have shunned 
responsibility as much as possible, auto¬ 
matically “going to headquarters" as 
soon as any problem came up. 

3. The quality of decisions is likely 
to improve as their magnitude and com¬ 
plexity are reduced, and as major execu¬ 
tives are relieved of possible overwork. 
The top men will be able to concentrate 
on the most important decisions. As Gen¬ 
eral Eisenhower points out, “Full con¬ 
centration on the chief problem at hand 
makes it possible to solve it; the details 
should be handled lower down the line. 
1 never fired a man for delegating re¬ 
sponsibility, but I did fire men who held 
the reins too tight and irritated others by 
preoccupation with minutiae." 

4. The amount and expense of paper¬ 
work by headquarters staff may be con¬ 
siderably reduced by delegating decision¬ 
making. For example, in a medium-sized 
company the regional managers formerly 
had to check most of their major deci¬ 
sions with headquarters. It took from 10 
to 30 days before a decision was obtained. 
The transfer of a clerk from one division 
of regional headquarters to another re¬ 
quired eight signatures. Now only three 
are needed—all from the same regional 
headquarters. As an over-all result, head¬ 
quarters staffs have been cut consider¬ 
ably. 

5. The expense of coordination may be 
reduced because of the greater autonomy 
of decision-making. This requires the 
establishment of a clear-cut framework 
of general company policy within which 
the subsidiary units can make their de¬ 
cisions. For example, at Sears, Roebuck 
and Co. the establishment of such a 
policy has resulted in a considerable re¬ 
duction of the coordinating staff, with 
greater freedom of action on the part of 
the individual stores. Sears, Roebuck has 
emphasized adaptability and ability to 
carry out simple procedures worked out 
at headquarter.<«. In this way risks are 
considerably reduced. A store manager 
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cannot go far wrong on merchandise se¬ 
lection, for example, because this is done 
for the most part by top experts at the 
head office. Ail he has to do is a good sell¬ 
ing job, for which he has much incentive. 

On the other hand, the division of a 
large decision-making unit into smaller 
ones may have certain disadvantages: 

1. Lack of uniformity of decisions. A 
major obstacle to decentralization is the 
lack of uniformity of decision from one 
location to another—e.g., payment of 
different wage rates and salaries for 
similar jobs, more liberal holidays and 
vacations, greater leeway in capital ex¬ 
penditures. HoiVever, this factor must not 
be overemphasized. A careful appraisal 
should be made of the advantages of 
uniformities as compared with the cost 
of achieving them and the possible 
deterioration of interest and capacity 
in independent decision-making. Perhaps 
the advantages of delegation can be 
enjoyed without loss of uniformity by 
holding of regular "integrating” meetings 
between headquarters and regional per¬ 
sonnel performing the same function, 
and between the heads of various func¬ 
tions at headquarters and within each 
region, with the president presiding at 
headquarters and the regional general 
manager presiding at the regional level. 

2. Inadequate utilization of specialist 
advice. The highest-priced and best 
talent of many companies is often assem¬ 
bled at headquarters. When decentraliza¬ 
tion is introduced, men in the field may 
feel that they no longer need to utilize 
headquarters advice. They may be glad 
to escape such counsel as they consider 
unwarranted and time-consuming. The 
result may be thai headquarters staff 
is only partially utilized and its effective¬ 
ness is thus impaired. It is essential, 
therefore, that management carefully de¬ 
fine relationships between headquarters 
and the field so as to strike an optimum 
balance between the advantages of wait¬ 
ing for superior advice and of action on 
the spot. 

3. Lack of proper equipment or execu¬ 
tives in the field. Headquarters execu¬ 
tives (vice presidents in charge of pro¬ 
duction, sales, etc.) frequently feel that 
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as long as they are in fact responsible for 
results (regardless of formal delegation), 
they must have the authority to achieve 
the desired results. Accordingly, they 
may be reluctant to delegate much au¬ 
thority—in which case decentralization 
will remain a fiction. Such opposition can 
be traced in part to the nature of the 
function exercised. Certain functions 
may not lend themselves to delegation, 
because highly technical problems must 
be resolved, expensive equipment must 
be carefully allocated, or it may require 
acceptance. But perhaps the major rea¬ 
son for reluctance to delegate is the lack 
of qualified executives in the field. The 
old ones may be unaccustomed to taking 
on new responsibilities, and the young 
ones may not have adequate experience. 
There is a great deal of difference be¬ 
tween recommending action and actually 
making the decision and assuming re¬ 
sponsibility for it. In switching from 
centralization to decentralization, there¬ 
fore, provision must be made for train¬ 
ing. Perhaps the best way is through the 
gradual allocation of additional responsi¬ 
bilities, with regular checks or controls 
on performance to make sure that exist¬ 
ing responsibilities have been absorbed 
successfully before new ones are added. 

8.2.2 Nature of the company's busi¬ 
ness. There are a number of cost fac¬ 
tors peculiar to the particular company 
which, when present, tend to increase the 
delegation of decision-making. These cost 
factors include: 

1, The flux of company growth. There 
may be an early period of widespread 
freedom of decision-making, when the 
chief executive has to wrestle with the 
problems of growth and change and is 
forced to delegate many of his decisions. 
Once a state of equilibrium is achieved, 
or a considerable body of tradition has 
been built up, the chief executive may 
have time to devote himself to the poli¬ 
cies and problems of a more stable busi¬ 
ness. At this point formalization and 
central controls may be imposed. 

2. Growth by acquisition of properties. 
When a company’s growth is brought 
about by consolidation of several previ¬ 
ously independent units or acquisition of 
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additional unite, the newly acquired 
properties may be left alone—especially 
when the acquiring company is profitable 
and mak^ it a practice to let everyone 
go on as before, working out coordination 
and controls gradually. 

On the other hand, the first tendency 
on the part of the acquiring company 
may be to impose an increased degree of 
centralization in an endeavor to reap the 
economies of increased scale of operation. 
Here the process toward decentralization 
may be worked out only gradually as the 
executives become overburdened and find 
it more economical to divest themselves 
of details. 

3. Geographical dispersion. The more 
widely scattered the locations of com¬ 
pany branches, offices, and warehouses, 
the greater the need to delegate decisions, 
because of the difficulty, expense, and 
delay of centralized decision-making. 
Such dispersion of some of the company 
units may be required because of the 
need for proximity to sources of raw 
materials (mining and oil companies, steel 
producers) or proximity to customers 
(retail stores). It should be empha¬ 
sized that geographical dispersion does 
not necessarily result in delegation of 
decision-making. For instance, in a num¬ 
ber of overseas operations studied, head 
offices in the United States formulated in 
great detail working hours, employment 
standards, and so on, even though local 
customs and manpower resources were 
quite different from those in the United 
States. In some instances, even small 
expenditures could not be incurred unless 
checked with United States headquarters. 

4. Diversity of production. The small 
decision-making unit tends to be more* 
economical and hence characteristic of 
industries in which fashion and design 
changes are frequent. Again, there are 
important decision-making delegations in 
those industries in which conditions of 
production vary so much that important 
decisions must be made at frequent inter¬ 
vals, as in coal mining, building, and 
some segments of the textile industry. 

5. Standardization. Conversely, deci¬ 
sion-making can be delegated more read¬ 
ily where manufacturing and selling 


specifications are standardized. Within 
the framework of. centralized policies, 
administration and execution may well 
be decentralized. A degree of centraliza¬ 
tion is frequently maintained through 
central coordinating committees or cen¬ 
tral control to check on the efficiency of 
operations. 

6. Legal factors. In many forms of 
■legally permissible combinations, broad 
powers of decision-making may have to 
be delegated in order to induce partici¬ 
pating companies to agree to the combi¬ 
nation, with the centralized decision¬ 
making confined merely to central price 
or output control as in export combina¬ 
tions or centra^l quota allocations. On the 
other hand, there may be a good deal of 
centralized control over a subsidiary 
company, even though it is set up as a 
separate legal entity (e.g., to facilitate 
trading in some other country). 

8.2.3 Economic trends. There are two 
major types of economic trends that may 
lead to decentralization: 

1. Expansion of business activity. The 
expansion of company activities, bwause 
of the general upward movement of the 
business cycle or the company’s own 
long-term growth, tends to lead to de¬ 
centralization. For the rise in activity 
increases the number of decisions with no 
direct effect on the decision-making ca¬ 
pacity of top management. Paralleling 
company expansion, there tends to be a 
continuing delegation of the less impor¬ 
tant decisions. 

2. Decline of competition. There is a 
tendency to decentralize as the degree of 
comp>etition is reduced and the company 
dominates particular markets, for this 
is usually accompanied by an increase in 
company size. Further, the increase in 
company security and prosperity may 
make “experimentation” more feasible— 
and decentralization is often regarded in 
just that light. 

The reverse tendencies may be noted 
in times of business decline and as com¬ 
petition becomes sharper. Top executives 
tend to feel that their personal influence 
and experience are especially needed in 
such emergencies. As a r^nilt, centralized 
controls are imposed to obtain'cost re- 
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ductions, uniform standards, improved 
methods of opera^on, fewer mistakes, 
checks on expenditure, and follow-ups on 
execution. Staff specialist positions cre¬ 
ated to provide staff services to local 
branches are often cut in times of depres¬ 
sion. Thus many organizations revert 
gradually to centralization in periods of 
retrenchment. Examples can be cited of 
many companies that alternately cen¬ 
tralize and decentralize with depression 
and prosperity. 

8.2.4 Political trends and philosophy. 

Political considerations involving impor¬ 
tant monetary and social costs may be 
factors in decentralization for such rea¬ 
sons as the following: 

1. Avoidance of “over-concentration." 
There is a pronounced trend in corpora¬ 
tion policy to avoid overly heavy concen¬ 
tration in one particular area. Originally, 
such policy was prompted by the fear of 
the consequences for local communities 
when local branches were forced to make 
heavy employment cutbacks. Thus the' 
General Electric Company, for example, 
limits its employment in any one com¬ 
munity to a certain percentage of the 
employable population. 

Another motive in escaping over¬ 
concentration is to avoid labor-relations 
problems In this category falls the at¬ 
tempt of some companies to split up and 
move away parts of their large plants 
from areas where management believes 
that union leaders are potential and 
sometimes active disturbers of the peace. 

At times, fear of war leads to plant dis¬ 
persion, largely in heavy goods produc¬ 
tion, but also in the dispersal of head 
office personnel. 

Another major barrier to over-concen¬ 
tration is, of course, anti-trust legislation. 

It should be noted that these dispersals 
of plants and activities are usually ac¬ 
companied by som..* delegation of deci¬ 
sion-making. 

2. Economic concessions may be ob¬ 
tained by opening up branches in certain 
states and foreign countries, and some 
decentralization may follow from the at¬ 
tempt to gain local cost advantages. 

3. There may be a long-run imderlying 
trend toward a return to small-scale units 
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and autonomy because of the failure and 
heavy social costs of bureaucracy; this 
may have a powerful influence on busi¬ 
ness thinking and action. 

8.2.5 Management philosophy. In 
many companies the nature of top-man¬ 
agement philosophy has a profound influ¬ 
ence on the nature of decision-making. 
Over the years, an increasing number of 
companies have adopted decentralization 
of decision-making as a basic method of 
organization. These companies include 
very large units like General Motors, 
Ford, Sears, Roebuck, Du Pont, Inter¬ 
national Harvester, General Electric, 
Westinghouse, and others, and medium- 
large companies such as Sylvania Electric 
Products, Inc., Sperry Corporation, 
Johnson & Johnson, and American Brake 
Shoe Company. The top-management 
philosophy of these financially successful 
companies has done much to convince 
other executives that the adoption of 
decentralization may be helpful to the 
economic position of their company. 
Typical of this thinking is the statement 
of General Wood, former Chairman of 
the Board of Sears, Roebuck and Co.: 
“We complain about government in busi¬ 
ness, we stress the advantages of the free 
enterprise system, we complain about the 
totalitarian state, but in our industrial 
organizations, in our striving for effi¬ 
ciency, we have created more or less of 
a totalitarian organization in industry— 
particularly in large industry. The prob¬ 
lem of retaining efficiency and discipline 
in these large organizations and yet al¬ 
lowing our people to express themselves, 
to exercise initiative and to have some 
voice in the affairs of the organization 
is the greatest problem for large indus¬ 
trial organizations to solve." 

Deeply ingrained in this top-manage¬ 
ment philosophy is the belief in the 
efficacy of the small society, where there 
is close personal understanding and team¬ 
work. This was stressed by the president 
of a large company in an answer to a 
question by the author concerning the 
optimum size of the industrial unit, from 
the standpoint of good industrial rela¬ 
tions. He declared that it should not be 
larger than 2,500 people. Such a small 
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complishment of the company’s economic 
and social objectives. 

Hie small, semi-autonomous unit also 
gives a much better opportunity for all¬ 
round executive development. Many of 
the preskit leaders of industry got their 
management training in small companies. 
To provide this training for leadership 
and initiative for their successors, many 
high executives favor small units of oper¬ 
ation. It is said that some large corpora¬ 
tions maintain several small plants at 
least partly for the purpose of executive 
development. Similarly, “multiple-man¬ 
agement” and “bottom-up management” 
stem from top management’s belief 
in continuous executive development 
through participation. As L. F. McCol¬ 
lum, President of the Continental Oil 
Company put it, in explaining his com¬ 
pany’s plan for decentralization (1950); 
“Probably the best part of the entire 
plan centers on the opportunity which 
will be given to all of you to do the job 
which you know best how to. It will give 
you more latitude, and it has always been 
my intention to do that.” 

There is also a desire to link man¬ 
agerial efforts more closely to results, as 
in the days of the small independent en¬ 
trepreneur. These conditions can be re¬ 
produced more easily in small, semi- 
autonomous units. At the same time, this 
makes possible greater Ulomparability of 
results from one unit to another. 

Finally, there is a growth of social re¬ 
sponsibility in which many executives 
recognize the desirability of some kind 
of participation on the part of employees 
and perhaps consumer and financial in¬ 
terests. 

8.2.6 Personality. The personalities in 
a business enterprise are an obvious fac¬ 
tor in determining the degree of decen¬ 
tralization. Foremost, of course, is the 
personality of the chief executive. If he 
is able to combine policy-making with 
detailed supervision and control, if he is 
able to maintain close contact with many 
of his subordinates, if his intentions can 
be communicated easily or are known 
from long experience, the result of all 
this is likely to be a high degree of cen¬ 


tralization. On the other hand, the chief 
executive may prefer to delegate a large 
part of his responsibilities, in order to 
concentrate on one or two functions in 
which be is superior to anyone else. The 
guiding criterion is that of “comparative 
advantage,” that is, those responsibilities 
should be exercised by the chief executive 
in which he has the greatest relative ad¬ 
vantage compared with the other execu¬ 
tives. Of course, what is best from an eco¬ 
nomic standpoint is likely to be modified 
by the dictates of power, status, and 
irrationality. 

The extent of delegation will also be 
determined by the competence of the 
company’s executives and their attitudes 
toward the chief executive. They will 
be more likely to succeed in their dele¬ 
gated responsibilities if they are assured 
that top management has confidence in 
them. Management can best show this 
confidence by giving them the opportu¬ 
nity and the training necessary to make 
decisions themselves, and by tolerating 
a certain number of mistakes which are 
inevitable at the beginning. The degree of 
decentralization is thus a function of 
ability and trust on the part of delegant 
and delegee. 

8.2.7 Type of management function. 

Finally, the degree of decentralization 
depends on the nature of the manage¬ 
ment function concerned. It is difficult 
to generalize on this point because the 
nature and importance of the major man¬ 
agement functions and of their relation- 
sWp to one another vary from company 
to company, and individual circum¬ 
stances dictate the degree of centraliza¬ 
tion that is desirable. However, the 
author has observed that the financial 
function is usually much less decentral¬ 
ized than most or all other management 
functions in a company. At the other 
extreme, delegation of decision-making in 
the field of sales management appears to 
be more widespread than in any other 
major business function. Major decisions 
of the personnel function, on the other 
hand, tend to be highly centralized in 
many companies because management 
regards its people as its greatest asset, 
because the ratio of labor cost to total 
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unit may make possible a better ac- 
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costs is high, md/or because contractual 
relations with the union dictate the 
desirability of heavily centralizing certain 
types of decision-making. 


9. MECHANICS OF OEOANIZATION 

9.1 DEFINING THE PBBSENT ORGANIZA¬ 
TION 

The first step in reorganization 

work—and one that has a marked 
influence on all the others—is to define 
company objectives. Suppose, for exam¬ 
ple, that a policy of product diversifica¬ 
tion has been decided on. Organization¬ 
ally, this will mean that the product 
division may be the primary division of 
work, or at least the prevalent division 
in production and sales activities. An¬ 
other organizational consequence is that 
staff functions may be held to a minimum 
and centralization emphasized as long as 
the high extra costs of adding new lines 
are not covered by additional revenue. 
Similarly, the span of control may have 
to be reduced as the attention required 
by diversification increases. The organi- 
zatiorial consequences of other basic com¬ 
pany objectives may be traced in a simi¬ 
lar fashion. 

At Sylvania Electric Products, Inc., for 
example, the basic company objective of 
decentralization has led to the establish¬ 
ment of separate small organizations in 
rural areas. The English Rolls-Royce 
Company continued to decide all policy 
problems- of the American Rolls-Royce 
Company. For example, it limited the 
size of the American production organi¬ 
zation in order to maintain quality 
standards. 

9.1.1 Basic characteristics of the busi¬ 
ness. The type of man who heads the 
business always exercises a profound in¬ 
fluence on the organization structure. 
Thus the organization is likely to be 
highly centralized where the chief execu¬ 
tive is highly energetic, where he is dis¬ 
trustful, where there is a high degree of 
formality, and where- initiative is not 
encouraged. The background and experi¬ 
ence of the leading personalities will in 
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part determine the functions on which 
they concentrate and those winch they 
will delegate. 

A second characteristic is basic tech¬ 
nology. Where production and sales are 
local, as in the cement and building prod¬ 
ucts industries, organization may be geo¬ 
graphical. Where products are sold 
through entirely different channels, or¬ 
ganization may be product-oriented. 
Where trafi[ic or legal considerations are 
of major importance, these functions may 
have large staffs, importantly placed in 
the organization. In oil companies, for 
example, sales offices are frequently sep¬ 
arated from the rather inaccessible 
sources of supplies in depopulated areas. 
The number and content of management 
functions determine the nature and 
degree of delegation and the span of con¬ 
trol. When there is a multiplicity of func¬ 
tions and much technical knowledge re¬ 
quired to exercise them, delegation and 
independence down the line will almost 
always be required. 

Third, the economies of the scale of 
production determine the degree of con¬ 
centration of activities in one location 
and the length of the chain of command. 

Fourth, a favorable financial position 
with large surplus funds and little com¬ 
petition may permit a rather loose, in¬ 
formal organization structure or a much 
more elaborate organization structure 
than might otherwise be justifiable. 

9.1.2 Describing the existing organi¬ 
zation structure. A description of the cur¬ 
rent organization may already exist in 
the form of an organization chart- and 
organization manual. Or it may be pos¬ 
sible to construct the picture from exist¬ 
ing records, announcements of the chief 
executive, orders from various manage¬ 
ment representatives, written procedures, 
and job descriptions. Any or all of the 
information may be obtained bj^ ques¬ 
tionnaire or by interview. The question¬ 
naire method is much less expensive and 
less time-consuming. If it is used, it is 
preferable that the information requested 
be brief and factual. On the other hand, 
the interview method may yield a good 
deal more information, may bring out 
the “feel" of the situation and uncover 
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vital informatiioii about the inforaial or¬ 
ganization and the human relations fac¬ 
tors involved. The cost of the interview 
may be considerably reduced by con¬ 
centrating on representative cases only. 
In analyzing results, it should be borne 
in mind that with both the questionnaire 
and the interview there may be language 
difficulties, misunderstandings, and lack 
of free disclosure, and that these dangers 
are greater in the case of a questionnaire. 

The following is an example of a ques¬ 
tionnaire that has been used to obtain 
information for the purposes of reorgani¬ 
zation, resulting in fairly detailed disclo¬ 
sure. (It was accompanied by the an¬ 
nouncement of organization changes. 
This explanation should be passed on 
from one level of management to an¬ 
other, preferably orally if that is com¬ 
pany practice.) 

ABC COMPANY 

ORGANIZATION QUESTIONNAIRE 
TO EXECUTIVES 

Outline for Describing Your Position 

1. Your name 

2. Your department 

3. Your division 

4. Title or name of your position 

6. Your location 

6. To whom do you report? 

7. Title or name of the position of the 
immediate supervisor 

8. Give the names and titles (or names 
of positions) of those who report to 
you. 

[In (6) and (8) a distinction might 
be made of the types of actions 
which must be reported; (a) actions 
reported before they take place; (b) 
after they take place; and (c) those, 
which need not be reported at all.] 

9. Describe fully the responsibilities of 
your position as you understand 
them to be at present. (As p.'irt of 
this description you should also in¬ 
clude your existing responsibilities 
and relationships with other units 
within your division and with other 
divisions of the Company, with affili¬ 
ates and with any outside service 
agencies.) 

10. What is the extent of your authority 

(a) For establishing policy? 

(b) For incurring expense? 


(c) For personnel changes including 
selection, promotion, termina¬ 
tion and compenaation? 

(d) For establishing methods and 
procedures? 

11. Indicate any committees in the Com¬ 
pany or trade groups of which you 
are a member. If you are chairman, 
include a description of the purpose, 
scope of activities and accomplish¬ 
ments of your committee. 

12. List by name or title the regular 
reports which (a) you receive and 
(b) you prepare, and indicate whether 
daily, weekly, monthly, etc. 

13. List the basic records you are re¬ 
sponsible for keeping. 

14. Mention anything else of interest in 
understanding your responsibilities 
and activities, including any special 
problems needing attention, any sug¬ 
gestions for improvements or general 
comments on the over-all Company 
organizational structure. 

At the American Enka Corporation, 
two major approaches to organizational 
analysis are undertaken. First there is 
an inquiry to all departmental managers 
from the top down, covering identifica¬ 
tion of the major work processes and 
activities, and their breakdown into spe¬ 
cific responsibilities, as well as the proper 
relationships between major organiza¬ 
tional units. The second approach is 
from the bottom up, through a procedure 
study of the daily flow of documents 
between organization units. Alternately 
the lowest units in the hierarchy may be 
studied first and then the subsequent 
relationships further up, so as to build 
from the “grass roots” rather than incur 
the dangers of imposing the top-manage¬ 
ment pattern. But this may be a waste¬ 
ful method, because objectives at this low 
level may be quite out of accord with 
those of top management. It is therefore 
a supplementary approach. 

A much more elaborate method of 
describing executive jobs has been de¬ 
veloped by Professor Sune Carlson of the 
University of Stockholm in Sweden.* It 

* Executive Behaviour; A SUidy of the 
Work Load and the Working Methods of 
Managing Directors (Stockholm: C. A. 
Stromberg Aktiebolag, Publisher, 1951). 
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was evolved over a period of years in 
conjunction with 12 chief executives of 
non-competing Swedish firms. Each was 
“analyzed” over a period of weeks by a 
kind of "time study” of executive ac¬ 
tivities whereby every action of the chief 
executive was regularly recorded on a 
standardized questionnaire blank. This 
record was supplemented by interviews 
with and notes by the private secretary, 
the telephone exchange operator, and 
interviews with the chief executive him¬ 
self. 

In the analysis, Carlson classified ex¬ 
ecutive activities under five major types 
of specialization, following Chester I. 
Barnard.* The nature of the executives' 
working habits may be summarized as 
in the tables below. 

1. The place where the executive's 
work is done. The executive’s total work¬ 
ing time during the investigation period 
(24 days) is averaged in the first table. 

2. Contacts with persons and institu¬ 
tions. A representative case showed the 
following distribution of activities in 
percentage of total working time during 
the investigation period (second table). 

♦ The Functions of the Executive 
(Cambridge: Harvard University Press, 
1938), pp. 127-132. 

Place Where 
Executive’s Work Done 

Own office. 

Head office. 

Home, plant. 

Somewhere inside the firm. 

Outside the firm on company business. 

At home. 


c».u 

It should be noted that the chief ex¬ 
ecutive officer spent only one-tenth of 
his working time alone (the range was 
from 10 to 35 per cent). The median 
figure of average daily working time in 
the study was around 9% hours, and 
the individual figures varied between 8^ 
and 11% hours. 

Administrative deficiencies found by 
Professor Carlson in analyzing the dis¬ 
tribution of the chief executive’s working 
time included: excessive time spent on 
outside activities; lack of time for in¬ 
specting and visiting works and offices; 
lack of time for reading and contempla¬ 
tion ; excessive nature of the total work¬ 
ing load. Other subjects covered in 
Professor Carlson’s study of top manage¬ 
ment’s work habits included communi¬ 
cation, executive decision-making, and 
action. 

9.1.3 Defining existing relationships. 

The fourth step in reorganization should 
consist of a reconstruction of existing 
organization relationships. This should 
be done principally on the basis of the 
information obtained through interviews, 
questionnaires and study of organization 
material. Missing links may have to 
be supplied by those in charge of the 
reorganization process. This aspect of the 

Percentage of 
Total Time 

. 35 

. 12 

. 3 

. 6 

. 36 

. 8 


100 


Contacts with Persons Percentage of 

and Institutions Total Time 

Inside the firm 

Conferences. 27 

Working alone. 10 

Plant. 9 

Lunches. 5 

Visiting subordinates. 5 

Outside the firm 

Conferences and visits. 33 

Traveling. 3 

Work at home. 8 


100 
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work may be limited merely to the 
drawing up of an organization chart 
However, it might be supplemented by 
a written breakdown of job content, job 
relationships, oonunents, and observa¬ 
tions by executives. Those in charge of 
reorganization should at this point have 
a clear picture of the status quo. They 
should be aware of the major organiza¬ 
tion problems, such as duplication of 
activities, poor commimication, lack of 
coop)eration, and the other organization 
deficiencies discussed earlier. 


9.2 CONSTltUCTlNO THE IDEAL ORGAN¬ 
IZATION 

Perhaps the most important step 

in the reorganization process is the 
construction of the “ideal” organization 
(the term “ideal” is not used here to 
mean “perfect,” but the most desirable 
as contrasted with the existing organiza¬ 
tion). Construction of the ideal organiza¬ 
tion should embody the best thinking of 
those who have written on the subject 
and the best practices found in industry. 
Drawing on these sources, on their own 
personal background and experience, and 
on the comments of those participating 
in the survey, the reorganizers will seek 
to eliminate the shortcomings inherent in 
the existing organization structure. 

The concept of the ideal organization is 
closely tied up with the “principles” of 
organization that have been developed 
over the last hundred years by many 
eminent thinkers and practitioners of 
management. Their purpose has been 
to guide others in reorganization as well, 
as to develop sound organization prac¬ 
tices. Few would question the desirability 
of using such guideposts, which are the 
result of the labors of many able men, 
rather than leaving reorganization to 
intuition, to the forces of the moment, 
and to the necessarily limited experience 
of the individuals who happen to be con¬ 
cerned with any particular situation and 
whose direct personal knowledge is neces¬ 
sarily limited. 

The principles of organization have 
been attacked as “obvious,” “unscioi- 


tific,” “dogmatic,” as falsely represoiting 
“the one best way,” as overestimating the 
rationality of people, as forcing execu¬ 
tives into a strait jacket. Sometimes the 
critics are attacking straw men, taking 
isolated statements out of context and 
imputing to them meanings that no 
responsible thinker ever intended. Barely 
does the critic substitute anything better. 
Nor is there much proof that in the 
absence of principles one can rdy solely 
on one’s own exp>erience and intuition. 
On this point Ifistory seems to have 
taught that “an irresolute general who 
acts without principles and without plan, 
even though he may lead an army 
numerically superior to that of the 
enemy, almost always finds himself in¬ 
ferior to the latter on the field of battle. 
Fumblings and the middle course lose all 
in war.”* 

Some of the criticism is justified. For, 
despite the acknowledged authority of 
writers on organization, it is not main¬ 
tained that the principles which they 
have evolved are necessarily applicable to 
every situation, or are “scientific” in the 
sense that they can be subjected to re¬ 
peated proof; in human situations such 
repeated proof is seldom possible. Nor, 
it should be noted, has the problem of 
the interrelationship of the principles 
been solved. But the critics often fail 
to realize that those who formulated the 
principles of organization did not intend 
them to be as unchangeable as the laws 
of Moses. This was ,jointed out long ago 
by the great French thinker and success¬ 
ful industrialist, Henri Fayol, when he 
wrote that the soundness of a business 
“depends on a certain number of con¬ 
ditions termed indiscriminately princi¬ 
ples, laws, rules. For preference I shall 
adopt the term ‘principles’ whilst dis¬ 
sociating it from any suggestion of 
rigidity, for there is nothing rigid or 
absolute in management affairs; it is all 
a question of proportion. Seldom do we 
have to apply the same principle twice 
in identical conditions; allowance must 
be made for different chan^ng circum- 

* Major Thomas R. Phillips, Roota of 
Strategy (Harrisburg, Pa.: The Military 
Service Publishing Company, 194K», p. 434. 
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stances, for men just as different and 
changing, and for many other variable 
elements. Therefore principles are flexi¬ 
ble and capable of adaptation to every 
need; it is a matter of knowing how 
to make use of them, which is a difficult 
art requiring intelligence, experience, de¬ 
cision and proportion.” * 

Note^that Fayol emphasizes “princi¬ 
ples” in the sense of “conditions” that 
are “flcTcible” and must be adapted to 
every need. The most important kind of 
knowledge about organization principles 
is the knowledge of how to apply them. 
The principles of organization are some¬ 
what like common sense based on ex¬ 
perience, which may help its possessor 
to arrive at a sticcessful solution of his 
problems, Principles applied without 
common sense are as likely to fail in this 
field of endeavor as in any other. From 
our survey of reorganization it may be 
asserted that if used in Fayol’s sense and 
with discretion, principles of organiza¬ 
tion may be helpful in designing the 
“ideal” organization structure. It should 
be noted, too, that most of the principles 
have been evolved by men with a good 
deal of practical organization experience. 

There appears to be a high degree of 
unanimity among the leading writers of 
organization on the nature of the major 
principles of organization. This was 
brought out clearly in the brilliant syn¬ 
thesis of organization principles by Lt. 
Colonel L. Urwick in his article on 
“Principles of Management,” in the 
British Management Review. (A list of 
other books and papers dealing with the 
subject is included in the references at 
the end of this section.) 

The term, “principles,” as used in the 
foregoing discussion, refers to the criteria 
which the organization is designed to 
meet. 

Nine criteria appear to have been most 
frequently used in the process of re¬ 
organization. These will be discussed 
here and an attempt will be made to 
indicate methods of testing them. 

* Henri Fayol, General and Industrial 
Management (London: Sir Isaac Pitman 
& Sons, Ltd., 194d}, p. 19. 
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9.2.1 Effectiveness. The eriteri<m of 
effectiveness refers to the accomplish¬ 
ment of the purpose of the enterprise; it 
is therefore of a social and non-personal 
nature. It is designed to serve as a broad 
yardstick of the economic performance 
of the enterprise. It is concerned with 
the question of how well the organization 
meets the test of supplying goods and 
services. The primary standard is, of 
course, "fair” profit or net income, as a 
percentage of sales (current perform¬ 
ance) or capital invested (long-run per¬ 
formance) and, in some of the larger 
companies, percentage share of the 
market. Subsidiary criteria of the effec¬ 
tiveness of the organization include simi¬ 
lar net income measures applied on a 
comparative basis to various sub-groups, 
such as plants, divisions, products, or 
managerial functions. To obviate over¬ 
reliance on a single measurement, multi¬ 
ple ratios may be used, selected on the 
basis of consistency and magnitude of 
contribution. 

The effectiveness of an individual func¬ 
tion may be measured by computing the 
dollar expenditure per employee or the 
number of company employees per em¬ 
ployee in that function. For instance, 
the personnel function in a number of 
large companies showed a personnel ex¬ 
penditure of $50 per employee and 
approximately one industrial relations 
employee for every 100 company em¬ 
ployees. These ratios may, however, be 
quite unreliable as guides. 

Following the economist A. C. Pigou,* 
the product contribution of the organiza¬ 
tion to the community might be meas¬ 
ured in terms of “social revenue” and 
“social costs”—i.e,, by the income yield 
and expense to the community. For ex¬ 
ample, an organization change might, 
of itself, have adverse effects on employ¬ 
ment in a local community. Recognizing 
this, management might substitute a new 
local activity, such as a research depart¬ 
ment, to compensate for the removal of 


* The Economics of Welfare (London: 
Macmillan and Company, Ltd., 1938), pp. 
127-212. 



its headquarters elsewhere. Management 

might also decide to pay the expense of 
employees who will move to the new 
location, incltiding any losses on the sale 
of their old homes and the purchase of 
new ones. Those would be organizational 
contributions by the company to the 
community’s social revenue. On the other 
hand, the abrupt abandonment of an 
industrial site might saddle the com¬ 
munity with the cost of unemployment, 
unutilized buildings, and other social 
burdens. 

The effectiveness of an individual func¬ 
tion should be measured by comparing 
its contributions to company revenue 
against its costs. Thus a manufacturing 
division’s costs (wages, salaries, share of 
overheads) would be compared with the 
value of product added. The effectiveness 
of an organization department can be 
measured only partially in terms of its 
contributions to net company revenues 
—such as better decisions and cost 
reductions through conservation of man¬ 
power and reduction of errors. Its 
contributions in terms of morale and 
cooperation are hardly measurable. 
Measurements in terms of jirofitability 
are also likely to vary over time; for 
example, the immediate cost savings 
of the organization department might 
be lost in the long run through subse¬ 
quent deterioration of teamwork and 
morale. 

9.2.2 Efficiency. The criterion of effi¬ 
ciency requires the fulfillment of the 
personal and individual objectives of 
those who are connected with the en¬ 
terprise. This definition, it should be 
noted, departs somewhat from general 
business usage. “Efficiency,” used in this 
sense, reats on the premise that the 
company has met the criterion of effec- 
tivene-ss and can fulfill its financial obli¬ 
gations. Survival may also require that 
the business fulfill obligations of a 
broader nature. 

Standards for measuring the efficiency 
of the organization, as defined here, Imve 
not yet been developed to a jioint where 
they can be accurately applied. However, 
some of the major considerations have 
been formulated. One of the best state- 
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ments in this connection is that of 
J. M. Clark.* 

Clearly, proper attention to the or¬ 
ganization structure is essential to the 
fulfillment of the personal and individual 
objectives of all who are connected with 
the enterpri-se. In the case of executives, 
for example, a proper organization struc¬ 
ture means clear-cut lines of author¬ 
ity and responsibility, participation in 
policy-making, the right to be heard, the 
opportunity to develop to the full meas¬ 
ure of their potentialities, and other con¬ 
ditions that contribute directly to their 
personal satisfaction as well as their 
individual effectiveness. 

“Efficiency” is seen to be a rather 
vague criterion that differs as different 
persona interpret it. For example, the 
chief of the enterprise may favor values 
that are not accepted by his subordi¬ 
nates. He may prefer autocracy for the 
sake of speedy and disciplined action, 
while subordinates may prefer greater 
participation and a slower tempo. Differ¬ 
ent person.s also set different goals of 
effectiveness. One president may aim at 
maximizing the profits of his organiza¬ 
tion, another at “fair shares” for all 
parties connected with the enterprise, 
another at survival leading to maximum 
expansion or maximum employee satis¬ 
faction. 

9.2.3 Division of work. “The primary 
step in organization is to determine and 
to establish as separate entitie.s, the 
smallest number of dissimilar fimetions 
into which the work of an institution may 
be divided.”! The nature and number 
of the basic functions is determined 
by their relative importance in con¬ 
tributing directly to the purpose of the 
enterprise. Two basic functions in the 
manufacturing business frequently are 
production and sales. In a retail business 
buying is a basic function, taking the 
place of production in an industrial con- 

* Social Control of Businesis (New York: 
McClraw-Hill Book Company, Inc., 1939), 

p. 220. 

t H. A. Hopf, Organizalirm, Executive 
Capacity and Progress (Ossining, N. Y.; 
Hopf Institute of Management, Inc., 1945), 
p. 4. 
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oem. To theoe, finance, peisonnel and/or 
procurement are sometimes added. Tbe 
importance of the other functions varies 
tremendously. Thus, advertising is a 
major function in the soap business, con¬ 
tributing very directly to the major pur¬ 
pose of the enterprise, namely sales. In 
some parts of agriculture advertising is 
a minor function, since it has no percepti¬ 
ble influence on sales of products, such 
as wheat. 

Auxiliary functions should be evolved 
in accordance with the foregoing factors. 
Such auxiliary activities contribute to 
and/or facilitate the performance of the 
basic functions, but do not contribute 
directly to the purjwse of the enterprise, 

9.2.4 Functional definition with au¬ 
thority and responsibility. The functions 
or job contents necessary to reach ob¬ 
jectives must be defined. This step is 
governed by two precepts; (1) “Define 
duties clearly.” * (2) “The work of each 
man in the management should be con¬ 
fined to the performance of a single 
leading function.”! 

Functional or job definition is elabo¬ 
rated as follows by Henri Fayol: “Au¬ 
thority is the right to give orders and 
the power to exact obedience. Distinction 
must be made between a manager’s 
oflicial authority deriving from office and 
persona] authority, compounded of intel¬ 
ligence, experience, moral worth, ability 
to lead, past services, etc. In the make-up 
of a good head, personal authority is the 
indispensable complement of official au¬ 
thority. Authority is not to be conceived 
of apart from responsibility, that is apart 
from sanction—(or ’accountability for 
the performance of duties,’ as Mary 
Parker Follett expresses it). . . . Re¬ 
sponsibility is a corollary of authority, it 
is its natural consequence and essential 
counterpart and wheresoever authority 
is exercised responsibility arises. 

“The best safeguard against abuse of 
authority and against weakness on the 
part of a higher manager is personal in- 

* Fayol, Oeneral and Industrial Manage¬ 
ment, p. 54. 

tlV^erick W. Taylor, Shop Manage¬ 
ment (New York: Harper and Brothers 
1911), p. 99. 
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tegrity and particularly hi|^ moral char¬ 
acter of such a manager, and this 
integrity, it is well known, is omiferred 
neither by election nor ownership.” * 

9.2.5 The chain of command. The 
chain of command, as described so well 
by Fayol “is the chain of superiors rang¬ 
ing from the ultimate authority to the 
lowest ranks. The line of authority is 
the route followed—-via every link in the 
chain—^by all communications which 
start from or go to the ultimate au¬ 
thority. This path is dictated both by 
the need for some transmission and by 
the principle of unity of command, but 
it is not always the swiftest. It is even at 
times disastrously lengthy in large con¬ 
cerns, notably in governmental ones. 
Now, there are many activities whose 
success turns on speedy execution, hence 
respect for the line of authority must be 
reconciled with the need for swift ac¬ 
tion. 

“Let us imagine that section F has 
to be put into contact with section P 
in a business whose scalar chain is repre¬ 
sented by the double ladder G-A-Q. 

A 

B L 
C M 
D N 
E 0 

F . ---P 

O Q 

“By following the line of authority the 
ladder must be climbed from P to A 
and then descended from A to P, stop- 
ing at each rung, then ascended again 
from P to A, and descended once more 
from A to P in order to get back to the 
starting point,” 

9.2.6 Channels of contact. Fayol con¬ 
tinues, “It is much simpler and quicker 
to go directly from P to P by making 


* Fayol, Oeneral and Industrial Manage¬ 
ment, pp. 34-35. See also James D. Mooney 
and Alan C. Reiley, The Principles of Or¬ 
ganization (New York: Harper and Broth¬ 
ers, 1939), pp. 14-24, and the earlier edition, 
Onward Industry! (New York: Harper 
and Brothers, 1931), a pioneer study of 
organisation. 
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use of FP as a *gang plank* and that is 
what is most often done. The chain of 
command will be safeguarded if man¬ 
agers E and 0 have authorized their 
respective subordinates F and P to treat 
directly, and the position will be fully 
regularized if F and P inform their 
respective superiors forthwith of what 
they have agreed upon. So long as F and 
P remain in agreement, and so long as 
their actions are approved by their im¬ 
mediate superiors, direct contact may 
be maintained.*'* 

The nature and need for channels of 
contact are well described in the organi¬ 
zation manual of the Jones & Laughiin 
Steel Corporation: 

a. The plan of organization should 
permit and require the exercise of com¬ 
mon sense and good judgment, at all 
levels, in determining the best channels 
of contact to expedite the work. These 
channels of contact are not described or 
limited by the lines of responsibility and 
authority of the organization structure 
as shown on the organization chart. 

b. Contacts between all units of the 
organization should be carried out in the 
most direct way consistent with good 
sense. In making contacts beyond the 
lines of responsibility and authority on 
the chart, it should be the duty of each 
member of the organization to keep his 
senior informed on: 

(1) Any matters on which his senior 
may be held accountable by those 
senior to him. 

(2) Any matters in disagreement or 
likely to cause controversy within 
or between any units of the or¬ 
ganization. 

(3) Matters requiring advice by the 
senior, or his coordination wit{i 
other organization units. 

(4) Any matters involving recommen¬ 
dations for changes in, or variance 
from, established policies. 

e. Staff instructions to units under 
supervision of others should be chan¬ 
neled through that supervisor if the 
instructions are of direct concern to and 
require personal attention of that super¬ 
visor. Such channeling can be minimized 
by the routing of copies to the super- 

* Fayol, Oeneral and Indtulrial Manage¬ 
ment, p. 35. 
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visor with the actum papers going 

direct.* 

This principle may overcome difficul¬ 
ties ariring fitnn the principle of unity of 
command—^namely, that one man should 
have only one boss. 

9.2.7 Balance. special task of con¬ 
tinuous reorganization is to see that the 
units of the organization are kept in 
balance—that there is a reasonable rela¬ 
tive apportionment of strength among 
its departments.! “ 'Balance* ' on the 
battlefield implies the disposal of avail¬ 
able forces in such a way that it is never 
nece^ry to react to the enemy’s thrusts 
and moves; a balanced army proceeds 
relentlessly with its plans.**! 

Balance requires (a) the proper pro¬ 
portions between centralization and 
decentralization and (b) flexibility: 

1. Centralization —^“Responsibility, au¬ 
thority, and accountability should be 
centrali^d at key points to provide 
leadership, direction, and control. This 
will also aid in establishing major ob¬ 
jectives and policies and maintaining 
consistency of action. It will also facili¬ 
tate dealing with emergencies and ex¬ 
ceptions from plans, standards, and 
routine. These are the matters requiring 
top executive attention.” 

2. Decentralization —"There should be 
a decentralization of responsibility, au¬ 
thority, and accountability to place the 
ability to decide and act within the scope 
of approved plans and policies as closely 
as practicable to the point where need 
for decision or action originates.’*** 

3. Flexibility —“The vitality of an en¬ 
terprise is measured by its power of 
spontaneous reaction to changes in con¬ 
ditions, and of internal modification and 

* Jones & Laughiin Steel Corporation, 
Organization Manual (Pittsburgh, June 
1950), pp. 4-5. This principle was originally 
formulated by General Brehon B. Somer¬ 
vell and others in the U. S. Staff Manual. 

t Henry S. Dennison, Organization En¬ 
gineering (New York: McGraw-Hill Book 
Company, Inc., 1931), p. 185. 

t Montgomery of Alamein, quoted in 
Urwick’s Principles of Management, p. 47. 

** Jones (fe Laughiin Steel Corporation 
Organization Manual, p. 4. 
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rearrangement to meet such changes."* 
“To wring the maximum possible ad¬ 
vantage from standardization and simpli¬ 
fication, and at the same time to retain 
always the full measure of flexibility 
postulated by the circumstances.” t 

9,2.8 Control. The principle of control 
involves: 

1. Compamon —“All figures and re¬ 
ports used for purposes of control should 
be related to standards of performance 
required and, if comparable, to past per¬ 
formance.” t 

2. Information —“All information used 
for purposes of control should be strictly 
objective both in source and presenta¬ 
tion. Any statement concerning persons 
implying criticism should be accompanied 
by the comments of those affected. Rules 
of evidence should govern the accept¬ 
ance of any statement.”** 

3. Integrity of Command —"Control 
is a valuable auxiliary of command. 
Properly exercised, it can give the leader 
necessary information which the hier¬ 
archy of supervision would sometimes 
be incapable of supplying.” But for con¬ 
trol “to become confused with the com¬ 
mand and operation of the various 
sertdces is an encroachment involving 
duality of direction in its most serious 
form. . . . The tendency of control to 
encroach is widespread, particularly in 
large organizations.” # 

• Lt. Col. L. Urwick, “The Principles of 
Direction and Control,” in Dictionary of 
Industrial Administration (London: Sir 
Isaac Pitman & Sons, Ltd., 1928), p. 178. 
And Cost and Production Handbook (New 
York: The Ronald Press Company, 1934), 
p. 1345. 

tLt. C3ol. L. Urwick, The Elements of 
Administration (London: Sir Isaac Pitman 
& Sons, l(td. 1943), p. 31. 

t Urwick, “The Principles of Direction 
and Control,” p. 179. and Cost and Pro¬ 
duction Handbook, p. 1345. 

•* Adapted from Urwick, “The Princi¬ 
ples of Direction and Control,” p. 179. 
And E. F. L. Breech, Management, Its 
Nature and Significance (London: Sir 
Isaac Pitman & Sons. Ltd,, 1948). 

§ Henri Fayol, Administration Industn- 
elle et Generale (Paris: Dtmod Frires, 
1925, p. 157, tranalated and adapted by L. 
Urwick) 


4. Uniformity —^“All information used 
for purposes of control should be in terms 
which correspond with responsibility, 
e.g., main heads of account should be 
identical with the organization structure. 
No individual s effort should be expressed 
in figures which he is not in a position 
to influence.” * 

6. The Exception Principle—“The 
manager should receive only condensed, 
summarized and invariably comparative 
reports covering, however, all of the 
elements entering into the management. 
[They] should have all the exceptions 
to the past averages or to the standards 
pointed out . . . thus giving him in a 
few minutes a full view of progress which 
is being made or the reverse.” t 

6. Utility —“Figures and reports used 
for purposes of control vary in value 
directly in proportion to the period 
separating them from the events which 
they reflect. They should, be designed 
with the objects of assisting decision in 
the present and avoiding waste in the 
future, and not as a record.” t 

7. Avoidance of “Red Tape" —“Avoid 
red tape—to combat the abuses of over- 
regulation, bureaucratic formalism and 
paper-mongering. . . .” ** “That is what 
bureaucracy essentially means—a reli¬ 
ance upon procedures and precedents and 
a distrust of the exercise of personal 
power of true leadership caliber.” § 

9.2.9 Perpetuation. “The plan of or¬ 
ganization should provide a ‘ladder’ of 
positions of increasing scope of responsi¬ 
bility, authority, ana accountability so 
related to each other that at all times 
there are replacements in training for 
each higher position. One of the most 
important responsibilities of top man- 

• Adapted from Lt. Col. L. Urwick, 
"Principles of Direction and Control,” p. 
179, and Cost and Production Handbook, 
p. 1345. 

t Taylor, Shop Management, p. 126. 

t Urwick, “Principles of Direction and 
Control,” p. 179, and Cost and Production 
Handbook, p. 1345. 

** Fayol, Administration Industrielle et 
Generale, p. 79. 

t Ordway Tead, The Art of Leadership 
(New York; Whittlesey House, McGraw- 
Hill Book Company, Inc., 1935), p. 61. 
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agemeot is the successful perpetuation of 
the Corporation through making avail' 
able qualified personnel for future man¬ 
agement needs. These needs must be 
filled by executives with a breadth of 
experience gained from a variety of 
management responsibilities as well as 
depth of training in a specialized man¬ 
agement area.” * 


9.3 PUTTING THE ORGANIZATION PLAN 

INTO EFFECT 

We have discussed at great length 

the nature of the ideal organiza¬ 
tion. These considerations do not mean, 
however, that an attempt should be 
made immediately to force the existing 
organization to conform to the ideal. It 
cannot be overstressed that the real 
value of the ideal structure is essentially 
as a guide to the long-range plans of the 
company. As such, it should be re¬ 
examined whenever there arises an im¬ 
mediate necessity or opportunity for a 
change in organization through retire¬ 
ment, transfers, and so forth. Then, and 
perhaps only then, should major steps be 
taken to make the easting structure 
move toward the ideal. 

However, it should be noted that when 
a company gets into a reorganization 
process it will frequently adopt an or¬ 
ganization plan of an intermediate char¬ 
acter which is somewhere between what 
exists and what ideally should be. This 
will usually include the correction of 
the worst organizational deficiencies that 
have been described. 

9.3.1 Setting up the basic functions. 
To start the actual reorganization, the* 
major functions and positions of the ideal 
organization need to be “brought down 
to earth.” Where the necessary positions 
do not at present exist, the cost of 
creating and filling them must be deter¬ 
mined. This may be prohibitive in some 
cases—e.g., a top industrial engineer is 
likely to earn more as a consultant than 
most corporations can afford to pay. Or 


Jones & Luughlin Steel Corporation, 
Organization Manual, p. 7. 


the chief executive may object to the 
creation of a certain job. Or the pay 
structure may be thus upset. As a result, 
a function may have to be split into 
several minor ones. For example, instead 
of a $50,000-a-year controller, three ac¬ 
countants may be hired at $12,000 each. 
Basic changes are further restricted by 
the limitations of present personnel. 
However profitable the organization 
changes might be, they frequently can¬ 
not and will not be carried out until the 
personnel situation changes. 

Once the basic functions have been 
set up and agreed upon, each job should 
be written up as it should be performed 
within the framework of the organiza¬ 
tion structure adopted. Job descriptions 
should be started at the top level and 
then worked downward. In describing 
the content of each job, the incumbent’s 
agreement should be obtained and then 
that of his superior. Final approval may 
have to be given by other executives. 
Any points at which no agreement dfcn 
be obtained should be resolved at a 
higher stage, ultimately by the president, 
if necessary. Only if there is genuine 
acceptance all around should the final 
job draft be signed and issued. 

9.3.2 Matching incumbents against 
job requirements. The next logical step 
is to match the incumbents of existing 
positions against the job requirements 
—which may have been increased or 
reduced on the ideal organization. Some 
consultants and reorganization specialists 
are reluctant to engage in such a pro¬ 
cedure, because they feel that they are 
not sufficiently familiar with the work 
of the executives concerned to render 
such a judgment. Others make a very 
rough appraisal of the man and his job, 
usually in committee so as to reduce 
errors .of judgment. An approximate 
rating scale may be employed (occasion¬ 
ally a detailed percentage evaluation) 
such as (1) “outstanding,” (2) “good,” 
(3) “average,” (4) “poor,” (5) “incom¬ 
petent.” (1) and (2) are considered to 
be promotional material, (5) may be 
slated for a job with reduced responsi¬ 
bilities or separation. 

Occasionally a detailed matching proc- 
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688 is employed to fit man and job. One 
sach example is reported by L. Rene 
Gai&inie, Director of Personnel of Fair¬ 
banks, Morse and Co. To save time and 
avoid undue variations, the same rating 
elements are used in the evaluation of 
the average performance required on the 
job and the rating of the job incumbent, 
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1 . PHOFITS 

1.1 NATURE or PROFITS 

Profit^ are the primary measure of 
the success of a business firm. But 
the word "profit” has different meanings 
to investors, tax collectors, workers, poli¬ 
ticians, and economists. Consequently, 
before we can decide what is and is not 
a profit, and before we can improve a 
company’s profit position, we must first 
understand how profits arise. 

1.1.1 Types of profit theory. Economic 
theories on profits can be classified into 
three broad groups: The first looks upon 
profits as the reward for bearing risks 
and uncertainties; the second views 
profits as the consequence of frictions 
and imiierfections in the competitive ad¬ 
justment of the economy to dynamic 
changes; the third sees profits as the 
reward for successful innovation. 


According to the first type of theory, 
profits are the factor payment for taking 
a risk—for agreeing to take what is left 
over after contractual outlays have been 
made. This profit theory is based upon 
the notion that most people prefer stable, 
moderate incomes to high incomes that 
have high risk. Hence those that are 
willing to assume the risk get higher earn¬ 
ings, not only when they are lucky but 
(as a group) over the long run as well. 

The major risk for a businessman 
comes from holding special-purpose as¬ 
sets as opposed to holding general pur¬ 
chasing power. To be sure, price-level 

* This section of the Handbook is drawu 
largely from tWo books: Joel Dean, Man- 
agerial Economics (New York: Prentice- 
Hall, Inc., 1951); and Joel Dean, Capital 
Budgeting (New York: Columbia Univer¬ 
sity Press, 1951). For help in preparing 
this condensation, I want to thank Ste¬ 
phen Taylor. 
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risks arise from holding cash or its 
equivalent, but an even greater risk ex¬ 
ists in holding a resort hotel that is 
subject to the hazards of changes in 
tastes and technology as well as of busi¬ 
ness cycles. 

According to the second type of theory, 
profits are either just a frictional effect 
of changes in the economy, or they result 
from imperfections in the market system 
that allow individuals to establish mo¬ 
nopoly positions. Although frictional 
profits are transient and add to a zero 
sum over the long run, monopoly profits 
can supposedly be maintained and ac¬ 
cumulated over the years if the monopoly 
is protected. 

In the third type of profit theory, 
profits are viewed as a wage for the 
service of innovation. They are thus a 
functional income, as in the risk theory. 
But risk plays no essential part in the 
innovation theory. Innovation refers 
broadly to any purposeful change in 
production methods or consumer tastes 
that increases national output more than 
it increases costs. The increase in net 
output is the profit that comes from in¬ 
novation. 

Risk and uncertainty are not neces¬ 
sary to this theory. The innovator may 
be able to forecast just what his gain 
will be while other firms are blissfully 
ignorant of the impending obsolescence 
hanging over them. If there is any risk, 
it is carried by the investor, not by the 
entrepreneur. 

The concept of innovation becomes 
very broad in this theory, since it in¬ 
cludes not only new products, such as 
synthetic fibers, but also new organiza¬ 
tions, new markets, new promotion, and 
new raw materials. To an important de¬ 
gree, innovation has been built into the 
competitive sj'stem, complete with re¬ 
search laboratories and advertising staffs. 
In many industries everyone has to run 
fast to stay in the same place. True in¬ 
novation should be distinguished from 
style rivalry. Credible evidence of true 
innovation is a high rate of company 
growth from plowed-back earnings 

Theories that ascribe profits to risk¬ 
bearing or chance when uncertainty 


exists can be fitted into advanced con¬ 
cepts of the stationary economy, but 
they have little relevance to an economy 
that is growing in size and developing 
new products and technology. For the 
dynamic manufacturing industries, which 
are the principal concern of this book, 
the most telling concept depicts profits 
as the gains in national income that are 
generated by the managerid drive for 
distinction through creative innovation. 


1.2 PROFIT MEASUREMENT 

Economists are unhappy about 

conventional accounting methods 
for measuring business income. Many 
think them inadequate and sometimes 
misleading for penetrating analysis, 
which often requires a complete reshap¬ 
ing of the conventional income state¬ 
ment. In this section we shall sketch 
the broad outlines of this classic con¬ 
troversy and suggest the kinds of 
modifications of conventional income 
statements that are important to 
economists and appropriate for different 
managerial purposes. 

The most important points of differ¬ 
ence between the economist’s approach 
and the accountant’s approach center 
around: (1) the inclusiveness of costs, 
i.e., what should be subtracted from 
revenue to get profit; (2) the meaning of 
depreciation; (3) the treatment of capi¬ 
tal gains and losses; and, perhaps most 
important, (4) the price-level basis for 
valuation of assets, i.e., current vs. his¬ 
torical costs. 

In measuring profits, the role of fu¬ 
turity in economic values and in business 
decisions underlies all three of these is¬ 
sues. Economists look to the future as 
the basic source of value of today’s 
assets, and the businessman recognizes 
that for his decisions the past is irrele¬ 
vant, except as a forecaster of the future. 
But the accountant has a problem here. 
In an effort to maintain sound, conserva¬ 
tive “standards of factuahty,’’ account¬ 
ants want to report historical facts and 
eschew “speculation” about the future. 

To an accountant, net income is essen- 



MANAOlittAL ECONOMfCt 


Sf 


1.1,13 

tially a historical record of the past. To 
an economist, net income Is essentially a 
speculation about the future, since, for 
corporations, economists measure net in¬ 
come as the maximum amount that can 
be distributed in dividends (theoretically 
from now into the indefinite future) 
without impairing the company’s earn¬ 
ing power. Hence, the concept aims at 
preservation of stockholder's real capital. 
To estimate income, then, requires a 
forecast of all future changes in demand, 
changes in production processes, cash 
outlays to operate the business, cash 
revenues, and price changes (to state 
cash flows in terms of constant purchas¬ 
ing power). That is, we need a cash 
budget (adjusted for purchasing power) 
that forecasts farther into the future 
than anyone can see. If this budget were 
available, a program could be planned 
for borrowing and investing cash so as 
to allow for an annual cash dividend pay¬ 
ment equal to the uniform consumption 
of real goods that we here conceive of 
as the index of the firm's income. 

The accountant's concept of income, 
like the economist’s, requires for its 
measurement a consolidation of dated 
transactions of cash outlays and cash 
receipts. But there is a basic difference: 
The accountant uses past transactions 
instead of future. 

1.2.1 What to include in costs. The 

first specific issue in profit measurement 
is determining what costs are to be de¬ 
ducted from revenues. Wages, materials, 
and interest on borrowed capital are 
indisputable costs, but earnings of man¬ 
agement and interest on owners’ capital 
are less clearly so. 

An executive’s earnings are a combina¬ 
tion of salary, bonus, and dividends, in 
proportions aimed partly at tax savings. 
They contain elements of both cost and 
profits. But how you distinguish the two 
depends on the kind of profit theory to 
which you subscribe. Profits from as¬ 
suming risk are measured by the ex¬ 
ecutive's differential income from the 
firm over the earnings that could be 
gained by putting his time and money 
into perfectly stable and safe activities. 
His profits from innovation are more 


difficult to measure, since they are the 
differential income over earnings that 
he could make in established activities of 
comparable risk. These bases of com¬ 
parison are not easy to set up. Although 
management’s earnings are to some ex¬ 
tent separate from the firm's earnings, 
they may well have to be considered in 
appraising the profitability of a com¬ 
pany. 

Similarly, the cost of equity capital 
to the firm depends on whether you con¬ 
sider the alternative uses of the capital 
to be a high-grade bond issue or com¬ 
mon stocks of comparable riskiness. 

1.2.2 Depreciation. Accountants make 
periodic depreciation charges to income 
in order to recover the cost of equip¬ 
ment before its usefulness is exhausted. 
The procedure is to estimate the equip¬ 
ment's useful life in years and to make 
the annual charge just large enough to 
recover the original cost within that 
estimated period. 

The objective of this procedure is to 
allocate the total original cost of equip¬ 
ment to production during the period in 
which it will be used. The effect is to 
insure that revenues equal to original 
cost are not distributed as dividends, 
but rather are put back into assets, such 
as more equipment or cash. 

The allocation of original cost is not 
an important question economically, 
since original cost does not, per se, affect 
current decisions. The correct objective 
of management in this problem is to earn 
a rate of return on stockholders' capital 
at least as high, all risks considered, as 
the stockholders could have made in 
other types of investment. If the com¬ 
pany cannot yield that high a return, 
capital should properly be turned back 
to the stockholders. 

In principle, management should take 
three steps: (1) It should measure the 
current company rate of return as the 
discount rate that, applied to future 
earnings (before depreciation charges), 
will make the sum of these earnings equal 
to the present disposal value of the com¬ 
pany’s assets. (2) It should plow back 
earnings into- new investments that 
promise rates of return at least as high 
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as stockholders cotdd get in comparable 
companies, and should make enough of 
these internal investments to maintain 
the dollar amount of the company’s 
future earnings. (3) It should distribute 
as dividends those earnings that cannot, 
within a reasonable time, be plowed back 
in projects that better the cost of capital. 

This version of management’s job is 
not easy to live with and is not found 
in accounting or administration litera¬ 
ture. It is, nevertheless, the way that 
economists view the question, and it is 
stated here as a reference point for 
considering problems in depreciation ac¬ 
counting. There is a gulf between this 
economic view and the notion that a 
depreciation charge somfhow measures 
capital consumption, a fulf that over¬ 
shadows other depreciation arguments, 
e.g., straight-line method tvs. declining 
balance method. » 

To summarize, depreciation account¬ 
ing has a noble objective, but it is far too 
crude a device in an economy of changing 
prices, changing products, and changing 
methods. As a neatly computed but 
fictitious cost, the depreciation charge 
obscures too many analytical questions. 
In economic thinking, the depreciation 
charge has just two functions: It pro¬ 
duces a cash tax saving as an allowable 
expense, and it may temporarily restrict 
distribution of income to stockholders. 

1.2.3 Treatment of capital gains and 
losses. Capital gains and losses, or ^’wind- 
falls,” S.S they are often called, may be 
defined loosely as unanticipated changes 
in the value of property relative to other 
real goods. That is, a windfall reflects a 
change in someone’s anticipation of the 
property’s earning power. Fluctuations in 
stock-market prices are almost all of this 
nature. 

A sound accounting policy to follow 
concerning windfalls is never to record 
them until they have been turned into 
cash by a purc^se or sale of assets, since 
it is never clear until then exactly how 
large^ they are in dollar terms. However, 
a fact-minded management ought to have 
some sort of balance sheet, if only an 
e.stimated one, that realizes surprises long 
before they ^ve become exact enough 
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to be acceptable to accountants. For ex¬ 
ample, if prices are to be determined 
with the objective of producing a “rea¬ 
sonable” rate of return on the valu¬ 
ation of investment, they should reflect 
projectable windfalls even though not 
yet cashed. Otherwise, a target rate of 
return based on a historically “factual,” 
but nevertheless fictitious, capital value 
may lead to later unpleasant surprises 
from the resulting price policies. 

1.2.4 Current vs. historical costs. As 
measured by accountants, profits are a 
residual in a calculation that uses dollars 
of many dilTerent dates—today’s cash 
dollars, last year’s inventory dollars, and 
equii)ment dollars of many years of 
prosj^erity and depression. To measure 
real profits, all these assets must be 
stated in dollars of the same purchasing 
power. This is an elaborate operation, 
and the desirable data on prices, prod¬ 
ucts, and dates are usually hard to 
estimate. With some expediting assump¬ 
tions, however, usable approximations 
can be made. In respect to price-level 
impacts, three kinds of earnings estimates 
may be distinguished: (1). jumbled-dollar 
profits, (2) contemporary-dollar profits, 
and (3) constant-dollar profits. The 
earnings reported by conventional ac¬ 
counting are, as we have seen, a jumble 
of dollars of different dates and usually 
of different purchasing power. 

Contemporary-dollar profits can be 
estimated by making price-level adjust¬ 
ments that would make the revenues and 
costs of a particular year reflect dollars 
of that year’s purchasing power. For 
many enterprises, contemporary-dollar 
profits can be approximated by a com¬ 
bination of replacement-value deprecia¬ 
tion and LIFO (last-in-first-out) costing 
of materials. 

By the LIFO method, the last ma¬ 
terials purchased are the first charged 
to the cost of goods sold. When the in¬ 
ventory turnover is slow, business income 
is measured on the basis of more recent 
prices of materials than under the first- 
in-first-out (FIFO) method. When prices 
are rising, LIFO produces a lower in¬ 
come than FIFO (since stated material 
costs are higher), and when prices are 




falling, it shows a higher income. LIFO 
thus tends to wash out the paper profits 
that result from comparing a closing 
inventory with an equal opening inven¬ 
tory stated at different prices. However, 
to attain the ideal of economic realism, 
a full restatement of inventoiy in con¬ 
stant prices is required. 

An interesting estimate of the effect 
of contemporary-dollar profit deflation, 
made by the Machinery and Allied 
Products Institute in May, 1949, was 
that the figure $50 billion for total cor¬ 
porate profits for 1946-1948 was 38 per 
cent fictitious. Nineteen billion was actu-, 
ally inventory profits (i.e., increase in 
the dollar value of a constant physical 
inventory) plus under-depreciation (fail¬ 
ure to charge enough depreciation for 
replacement purposes). 

A tboroughgoing deflation of financial 
statements requires a restatement of all 
accounts, year by year, in terms of a 
dollar of constant purchasing power and 
then a recomputation of profits. Such 
a deflation is a lengthy operation, but 
during inflation the results can be strik¬ 
ing, as shown by the disparity between 
book and real earnings (Fig. 2.1). The 


middle column shows how inadequate 
deflation results from dividing reported 
profits by a single index number. 

When a deflation of this kind is com¬ 
bined with economic analysis, executive 
judgment, and imagination, income ap¬ 
proximations that are usable for business 
decisions can be made. Management 
problems take innumerable forms, and 
an accounting system that would fit 
tbem all is hard to conceive. The ac¬ 
counts should instead be made a source 
of basic data that can be fitted in differ¬ 
ent ways to different particular needs. 

1.3 PBOFITS FOB CONIBOL 

Large corporations must always 

face the problem of bureaucratic 
deviationism, the tendency for middle 
and lower management to think in terms 
of security and routine or personal am¬ 
bitions that conflict with the company’s 
profit-making objectives. Three common 
deviationist tendencies appear when the 
profit motive is thus attenuated: (1) 
Energy is spent in expanding sales vol¬ 
ume and product lines rather than in 
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raising profitability, the valid company 
objective. (2) Subordfinates establish per¬ 
fectionist standards of quality that cost 
far more than they are worth. (3) Lower 
management tries to be cautious and 
oversafe, since there are no rewards for 
imaginative ventures commensurate with 
the perils of making mistakes. 

Companies that have become con¬ 
cerned about this problem have come 
up with two methods to avoid hardening 
of the profit-seeking arteries. The first 
is realignment of operating responsibility 
from a functional basis to a commodity 
basis. The effect is to give the executive 
authority over all functions in his di¬ 
vision, and to make him responsible for 
profits. 

The second method is reorientation of 
accounting reports to conform to the 
areas of executive responsibility. Each 
executive is given a profit goal for his 
operation. His performance is appraised 
not only by comparison with this goal 
by means of periodic profit-and-loss 
statements, but also by an analysis of 
the determinants of profits by means of 
subordinate budgetary controls. 

Managerial decentralization achieved 
by profits controls is significantly supe¬ 
rior to alternative devices. The establish¬ 
ment of profit centers with economically 
realistic intra-company prices and costs 
will permit measurement of executive 
performance in terms of achievement of 
profit goals that are adequately adjusted 
for circumstances. This sort of profits 
control increases the likelihood that inde¬ 
pendent decisions of component units will 
be in harmony with the objectives of 
the corporation as a whole. Measuring 
performances of component divisions in 
terms of economic profits forces integra¬ 
tion of conflicting objectives (e.g., volume 
aspirations in the fare of rising selling 
costs) at lower executive levels where 
greater familiarity with details is found. 

1.4 PROFIT FORECASTING AND BREAK¬ 
EVEN CHARTS 

Three approaches to profit fore¬ 
casting may be distinguished. (1) 
Spot projections: prediction of the en¬ 
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tire income statement for a specified 
future period by forecasting each impor¬ 
tant revenue and cost separately. (2) 
Break-even analysis: identifying func¬ 
tional relations of both revenue and costs 
to output rate, with profits related to 
output as a residual, or, alternatively, 
relating profits to output directly by the 
usual data used in break-even analysis. 
(3) Environmental analysis: relating the 
company’s profits to key variables in its 
economic environment, such as general 
business activity and general price 
level. 

In recent years, break-even analysis 
has come into wide use by company 
executives, investment, analysis, labor 
unions, and government agencies. 

1.4.1 Break-even analysis. A break¬ 
even chart (the central tool of break¬ 
even analysis) is a diagram of the 
short-run relation of total cost and of 
total revenue to rate of output. Figure 
2.'2 is a typical break-even chart, in 
which the vertical spread between the 
revenue line and the cost line defines the 
profit^ function. 

Most break-even analyses are aimed at 
the same goal, short-run cost and profit 
behavior. But decidedly different kinds 
of data are used by different people in 
constructing br^ak-even charts. At one 
extreme is the inductive method of ask¬ 
ing accountants and engineers to estimate 
what costs should be at two or three 
hypothetical levels of output. At the 
other extreme is the simple empirical 
method of plotting costs against revenues 
over a long period of years, giving what 
is called a “migration-path” chart. Be¬ 
tween the extremes is the statistical 
analysis of historical data that have been 
carefully selected for their relevance to 
the present product mix and plant, and 
have been corrected for irrelevant price 
changes and cost lead times. 

The migration path probably has very 
little validity for current profit forecast¬ 
ing, since it is primarily a history of 
the growth of a firm and reflects all 
the changes that have occurred in plant, 
technology, product line, and labor 
unionization. What is needed is a chart 
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FIG. 2.2 BASIC STATIC RELATION 
(break-even chart). 


for the conditions that management 
expects to meet during the coming 
forecast period. 

The value of the inductive and sta¬ 
tistical break-even charts depends partly 
on the care and skill with which they 
have been constructed, and few break¬ 
even charts seem to have met the im¬ 
portant problems adequately. Probably 
the most serious pitfall has been the use 
of sales as a measure of output (the 
horizontal axis) in a company-wide 
break-even chart, even when the analysis 
covers a decade or more of fluctuating 
dollar values, changing product mix, and 
changing patterns of plant utilization. 
To be meaningful for any extended 
period, a break-even chart should be 
limited to an individual plant, with an 
appropriate regrouping of company cost. 
and sales records. And output should be 
measured in some kind of physical units 
for a product mix that is similar to the 
current and future mix. Perhaps the best 
practical measure of output for a multi¬ 
product plant is production valued at 
some set of constant sales prices for the 
various products. For instance, an out¬ 
put series from 1925 to 1960 could be 
measured by valuing all products through 
the entire period at their 1950 prices. 
Of course, if output is in constant dollars. 


the total expense line must also be in 
constant dollars. That is, it must be 
adjusted to eliminate variations caused 
only by changes in wages and materials 
prices, since without this adjustment the 
cost of a given output in 1948 would 
be much above its cost in 1929—a spuri- 
OU.S discrepancy for forecasting purposes. 

Withoutput thus measured physically, 
the slope of the sales line on the chart 
is no longer always 45 degrees. It can 
instead be varied to test possible changes 
in general price levels. 

Nevertheless, with all these lengthy 
and costly adjustments of the records, 
break-even charts must be taken with 
a grain of siilt. In the first place, a 
single chart is generally good for only 
one product mix, and ideally a whole 
set of charts is needed for the possible 
alternative combinatjons of products. 
Neither the data nor the money is usu¬ 
ally available for such exhaustive analy¬ 
sis. Secondly, costs are commonly far 
more manipulable than they seem to be 
on a simple black-and-white chart. There 
are always substitutable materials, prod¬ 
uct changes, avoidable overhead costs, 
and many other factors that are within 
management’s discretion to tighten up on 
when the compulsive force of a recession 
makes itself felt. 
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1.4.2 Environmental analys9s. Factors 
that control profits have a tendency to 
move in regular and related patterns; 
rate of output, prices, wages, material 
costs, and efficiency are all interrelated 
by their connections with the national 
markets and by their interactions in the 
aggregate business economy. Theories of 
business cycles are based on the hy¬ 
pothesis that the national values of pro¬ 
duction, employment, wages, and prices 
show systematic patterns of behavior as 
business activity fluctuates. Although it 
is not always clear what the pattern is 
in detailed analyses, this hypothesis has 
some justification for broad averages. 

These patterns of confluence raise the 
possibility that the profits of a company 
can be forecast directly by finding a re¬ 
lation to key variables in the economy 
that either control or combine the move¬ 
ments of the myriad of direct forces that 
are felt in the income statement. The 
problem is to find a direct functional 
relation between company profits and 
national activity that shows statistical 
significance. 

This approach to profit forecasting is 
in sharp contrast to the particularistic 
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break-even analysis. The relations are 
approximate and empirical; their value 
rests not so much on plausibility (al¬ 
though this helps) as on stability of the 
relation and ability to forecast the inde¬ 
pendent variable. 

The results of a study of this kind are 
shown in Table 2.1. In this analysis, 
aggregate industry profits were related 
to variatiMis in the Federal Reserve 
Board’s Index of Industrial Production 
by a chain process of (1) relating each 
industry’s production to the index by 
correlation of historical data, (2) relating 
each industry’s profits to changes in its 
output, and (3) thus relating profits to 
the FRB index. 

The principal shortcoming of correla¬ 
tion analysis for this kind of profit fore¬ 
casting is the dearth of clearly relevant 
data.' In such studies, history that is 
more than one business cycle old can 
rarely give reliable clues to the future. 
Since a single cycle seldom, encompasses 
more than a decade, a plausible corre¬ 
lation usually requires quarterly or 
monthly data, with necessary and some¬ 
times dubious adjustment for seasonal 
fluctuations. 


TABLE 2.1 RELATION OF INDUSTRY PROFITS TO FRB INDEX* 



(a) 

Decline in 
sub-group 
production 
with 10% decline 
in FRB index 

(b) 

Decline in 
profit margin 
with 10% decline 
in FRB index 

(c) 

Decline in 
aggregate profits 
with 10% decline 
in FRB indext 

Manufacturing 

11% 

12% 

22% 

Durable 

13% 

12% 

23% 

Automotive 

17% 

8% 

24% 

Furniture 

13% 

32% 

41% 

Iron and steel 

14% 

9% 

22% 

Lumber 

20% 

27% 

42% 

Non-ferrous metals 

16% 

12% 

26% 

Non-durable 

5.4% 

11% 

16% 

Apparel 

7.6% 

16% 

22% 

Chemicala 

5.8% 

8.5% 

14% 

Food 

6.1% 

7% 

13% 

Paper 

7.0% 

12% 

18% 

Textiles 

7.6% 

12% 

19% 


Decline meaaured from levels in tbe closing months of 1948. 
* Prom Desn, Managerial Eeonomtct, p. 346. 
t Column c -> 1 — 1(1 — coL *) X (1 — col. b)]. 
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2 . DEMAND ANALYSIS 

Demand analysis has two main 

managerial purposes: (1) forecast¬ 
ing sales, and (2) manipulating demand. 

The sales forecast is the foundation for 
planning all phases of the company’s 
operations, since purchasing commit¬ 
ments, production schedules, inventory 
plans, cash budgets, and capital ex¬ 
penditure programs all hinge on the 
short- and long-run view into the future. 
In an industry that is subject to wide 
seasonal swings in sales, there is an 
optimum production program that mini¬ 
mizes the total costs by balancing the 
costs (and risks) of inventory accumu¬ 
lation in slack seasons against the sav¬ 
ings of larger lots and level production. 
In shooting for this operating program; 
forecasts of sales obviously play a basic 
role. 

As yet, only a few firms take full 
advantage of demand analysis as a tech¬ 
nique for formulating business-getting 
plans and policies. Sales forecasting is 
largely passive; it estimates external 
economic factors and predicts the re¬ 
sulting sales volume the firm can expect 
if it continues on its present course. 

To use demand studies in an active 
rather than a passive way, management 
must recognize the degree to which sales 
are a result of advertising, price policy, 
product improvements, and marketing 
effort. An estimate of what will happen 
with no changes in policy is important, 
but this is only one of many alternative 
programs. Passive forecasts should be 
primarily a benchmark for estimating the 
consequences of other plans for adjusting 
prices, promotion, and/or products. 


2.1 DEMAND THEX)RY 

In order to shape an empirical 
analysis of demanil that will answer 
specific questions, we should be familiar 
with vanou.s concepts of demand and 
know w'liich concept is appropriate for 
each sort of management problem. 

2.1.1 Demand functions. Economic 
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theory of demand has concentrated on 
the relation between the price of a prod¬ 
uct and the volume sold, which is fre¬ 
quently called the demand schedule. 
However, price is just one of many 
factors affecting sales, and the demand 
schedule is a single part of the complete 
functional relation between sales and its 
determinants. Promotional outlays, prod¬ 
uct stybng, national income, and compe¬ 
tition affect sales as strongly or even 
more strongly than does price, and these 
variables all interact with one another 
in such a way that the simple price-sales 
relation or income-sales relation depends 
on the level of all other variables. Thus 
we theoretically have, in mathematical 
terms, demand functions in which several 
independent variables act jointly on the 
deiiendent variable, sales. 

In empirical analysis, we never have 
sufficient data to establish complete de¬ 
mand functions, and the general practice 
is to go after important parts of the 
function—e.g., the income-sales relation 
—when other variables are reasonably 
steady. Which parts of the function are 
most imiiortant for a particular product 
depends on the type of product, type of 
buyer, and type of competition to be 
met. In general, however, buyers’ income 
is the most important of the variables 
that are beyond management’s control, 
and price and promotion are the most 
important controllable variables. 

2.1.2 Producers' goods vs. consumers' 
goods. There are three general reasons 
for expecting distinctive demand be¬ 
havior for producers’ goods: (1) Buyers 
are professionals, and hence are more 
expert, price-wise, and sensitive to sub¬ 
stitutes. (2) Their motives are more 
purely economic; products are bought, 
not for themselves alone, but for their 
profit prospects. (3) Their demand, be¬ 
ing derived from demand for the end- 
product consumers’ goods, fluctuates dif¬ 
ferently and generally more violently. 

2.1.3 Durable goods vs. perishable 
goods. Durable products present more 
complicated problems of demand analy¬ 
sis than products that give a one-shot 
service, since they add an increment to 
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a stock of existing goods that dole out 
their services slowly over several years. 
It is therefore a common practice to 
segregate current demand for durables 
in terms of replacement of old products 
and expansion of the total stock. 

The most important replacement de¬ 
terminant is the obsolescence rate, which 
governs the profitability of displacement. 
Physical deterioration is rarely a deciding 
factor in replacement of durable goods, 
since style, convenience, and income have 
come to play a dominant role in demand, 
even for producer goods. 

A decision to buy a durable good for 
expansion is complicated by the need to 
guess about the future. It is necessary to 
estimate future maintenance and operat¬ 
ing costs in relation to future income and 
other demands, future trade-in or salvage 
values, and whether prices will rise or 
fall if the purchase is postponed. 

2.1.4 Derived demand vs. autonomous 
demand. When demand for a product is 
tied to the purchase of some parent prod¬ 
uct, its demand is called “derived.” Some¬ 
times the dependent product is a com¬ 
ponent part (e.g., demand for doors 
derived from demand for houses). Some¬ 
times dependence comes from comple¬ 
mentary consumption (e.g., pretzels from 
beer). Derived demand is generally sup¬ 
posed to have less sensitivity to price 
than autonomous demand. 

The use of some products (e.g., tele¬ 
vision antennas) is so closely tied to the 
use of others that they have no distinc¬ 
tive demand determinants of their own. 
But fixed proportions are rare; more 
often there is substitution leeway in the 
proportions as well as more than one 
parent use. Crude-rubber demand, when 
related to the population of motor vehi¬ 
cles, shows both these characteristics. 

Ab variability in the proportions and 
the number of uses increases, it becomes 
harder to tie demand down to parent 
products. For instance, small electric 
motors have no primary uses, but to 
analyze their demand in terms of their 
thousands of parent uses is impossibly 
tedious. The derived-demand approach 
facilitates forecasting when proportions 
of the two products are fairly stable and 
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when there is a rigid time-lead in the 
parent product's demand. 

2.1.5 Industry demand vs. company 
demand. Many management problems 
require analyses that distinguish industry 
demand from company demand and ex¬ 
plore the relationship between them. For 
example, a projection of industry sales 
is usually an intermediate step in fore¬ 
casting company sales; intelligent price 
leadership (and follower-ship too) is 
based on an understanding of the relation 
of the company demand to that of com¬ 
peting firms. 

An industry-demand schedule repre¬ 
sents the relation of the price of the 
product to the quantity that will be 
bought from all firms. It has a clear 
meaning when the products of the vari¬ 
ous firms are close substitutes, when they 
differ markedly from those of bordering 
industries, and when they have a well- 
defined price level. When, on the other 
hand, there is considerable product dif¬ 
ferentiation within the industry, and 
when there is substitute competition with 
other industries, the concept of an indus¬ 
try-demand schedule becomes nebulous. 
Adding Cadillacs and Austins and aver¬ 
aging their prices does not produce a 
very meaningful demand schedule. 

The conceptual distinction between in¬ 
dustry demand and company demand is 
most useful when the boundaries of the 
industry are clearly definable in terms of 
a gap in the chain of substitutes (i.e., 
products that differ sharply in terms 
of substitutability from those of other 
industries), and when rival firms are 
large enough and similar enough to 
plan in terms of market share. Empirical 
research can then be framed in terms 
of price spreads or ratios over rivals, 
and of the effect of these price differen¬ 
tials upon market share. 

As an illustration, estimates have been 
made of the sensitivity of gasoline market 
shares to changes in price differentials 
among brands. Narrowing or widening 
the differentials between the branded 
product of the price leader and the local 
private brand of the cut-rate distributor 
has a prompt effect on retail patronage, 
and the sensitivity of market share ap- 
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parently rises sharply when the spread 
widens beyond a critical point. Similar 
market-share analyses can be carried out 
for other demand determinants, such as 
consumer income and advertising. 

“Market-share” concepts of demand 
are most usable in mature, well-defined 
industries whose products are relatively 
homogeneous—e.g., steel or cement. In 
this setting, market-share objectives 
often are dominantly defensive. Empha¬ 
sis is put on the first step—forecasting 
industry sales. The second step—plan¬ 
ning marketing strategy to affect market 
share—is, for established firms, largely a 
matter of keeping abreast of competitive 
develoi)ments, e.g., overtaking product 
innovators, meeting price cutters, and 
countering advertising aggressors. 

2.1.6 Short-run demand vs. long-run 
demand. A distinction between long-run 
and short-run demand functions is useful 
for many problems. Short-run demand 
refers to existing demand with its im¬ 
mediate reaction to price changes, income 
fluctuation, and so forth. Long-run de¬ 
mand is that which will ultimately exist 
as a result of the changes in pricing, pro¬ 
motion, or product improvement, after 
enough time has been allowed to let the 
market adjust itsfelf to the new situation. 
Factors that cause these differences be¬ 
tween short-run and long-run demand 
fall in two categories: (1) cultural lags 
in information and experience, and (2) 
capital investments required of buyers to 
shift consumption patterns. 

Lags in long-run response of demand 
last until consumers get acquainted with 
the uses of a product through experience 
and research. Illustrations of the invest¬ 
ment needed to exploit price cuts are the 
large refrigerators and freezers required 
for mass consumption of frozen foods and 
the oilburners needed to heat houses by 
oil. 

2.1.7 Demand fluctuations vs. long- 
run trends. The difference between fore¬ 
casting year-to-year changes and fore¬ 
casting underlying trends is analogous to 
that between business cycles and secular 
economic development. The external fac¬ 
tors that are important for cyclical fore¬ 
casts are different from trend projections. 


In year-to-year changes, much of the set¬ 
ting stays constant—competitive struc¬ 
ture, market position, quality, and some¬ 
times even prices (relative to substitutes 
and competitors, if not absolutely). The 
problem can then be narrowed down to 
the relation between sales pulsations and 
a few strategic variables, such as income, 
business activity, and competitive price 
differentials. For the long trend, in con¬ 
trast, everything is fluid, and the effect! 
of year-to-year determinants are buried 
by basic changes in the framework—e.g., 
shifts in taste, technology, and way of 
life in a laboristic, urban, welfare state. 

2.1.8 Total market vs. market seg¬ 
ments. The comprehensiveness of the de¬ 
mand problem sets the framework for 
analysis. Some problems, such as sales 
forecasting, call for an analysis that in¬ 
cludes the total market. Other problems 
—notably in pricing, promotion, and dis¬ 
tribution—call for analyses of separate 
market segments that have homogeneous 
demand characteristics. 


2.2 METHODS FOR FORECASTING 

DEMAND 

Most sales forecasting is concerned 

only with short-run projections for 
established products. Long-range predic¬ 
tions for such products are seldom made, 
partly because the projections are pre¬ 
carious, but mainly because long-term 
decisions that require such forecasts arise 
only infrequently. New products present 
an entirely different problem. The ques¬ 
tion here is whether to make the big 
initial investment in the first place. For 
this decision, the long-range view is more 
important than the effects of next year’s 
phase of the bu.siness cycle. 

Demand forecasting for established 
jiroducts can usually be worked into a 
routine procedure, with information 
drawn from the existing markets and 
from past behavior of sales. Since most of 
the determinants of demand are expected 
to change very little through the fore¬ 
cast period, the analysis can often be 
simplified and concentrated on a few 
strategic short-run variables. 
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ForecastB for new In’oducts, on the* 
other hand, are necessarily custom-built 
jobs that take more ingenuity and ex¬ 
pense. Since the product has never been 
sold before, there is no empirical evidence 
of a base demand that can be used as a 
foundation for refined estimate, nor is 
there a structure of market prices for 
the product and its substitutes that can 
be projected into the future. 

2.2.1 Forecasting sales of established 
products. The most direct method of 
estimating sales in the near future is to 
ask customers what they are planning to 
buy. This is most useful when sales are 
to industrial producers, although this 
method simply puts the forecasting bur¬ 
den on the customer. 

A more subtle, though devious, attack 
can be made by asking the people who are 
likely to know what customers will buy. 
Many companies get their basic fore¬ 
casts directly from their salesmen, on the 
theory that the grass-roots contact man 
has the most intimate “feel" of the 
market. Jobbers, wholesalers, and retail¬ 
ers are polled for the same reason. In this 
kind of forecast, the total is generally 
built up by adding the individual sales¬ 
men’s projections, then scaling down for 
errors of optunism by pooling the collec¬ 
tive wisdom of top executives in second 
guessing and consolidating results. 

A third forecasting method is to use 
statistical methods for analyzing time 
series that break up the past behavior of 
sales into several components, such as a 
long-term exponential trend, a group of 
sine curves for business cycle movements, 
and a seasonal pattern. This method is 
never very firm, because of basic changes 
in institutions, motivations, and risks 
that continuously take place. But in a 
growing economy, good long-range fore¬ 
casting results have been obtained for 
some products (e.g., electric power) by 
projecting the trend alone, 

A fourth method of forecasting is what 
statisticians call correlation analysis. To 
work a least-squares correlation, the ana¬ 
lyst looks over historical data on market 
conditions to find the factors (other than 
time) that be thinks influence sales and 
for which data are available over a period 


with wide fluctuations. His next step is 
usually to test the closeness of the rela¬ 
tionship of each candidate factor to sales 
and to other factors; in effect, he makes 
a selection of indef)endent variables. He 
then chooses a plausible algebraic rela¬ 
tion (e.g., linear, quadratic, logarithmic, 
etc.) between sales and these independent 
variables. The analyst then grinds the 
data through a calculating machine and 
produces the most probable values for 
the coefficients in the equation. 

This set of numerical relationships may 
be a valuable tool in sales forecasting. It 
channels estimates toward most probable 
values, based on the continuation of past 
relationships with “causal" factors that 
are measurable. The eternal quest is for 
a lucky lag function, one with sales in 
close relation to something that hap¬ 
pened, say, six months before. When, in¬ 
stead, sales are related to a simultaneous 
development—e g., the Federal Reserve 
Board Index of Industrial Production— 
then the forecasting problem is to map 
the future of this independent variable 
rather than sales themselves. Sometimes 
the independent factor is inherently more 
easily forecasted than the sales in ques¬ 
tion—e.g., population or birth-rates. 

2.2.2 Forecasting demand for new 
products. Methods of forecasting demand 
for new products are quite different from 
those for established products. Forecast¬ 
ing methods have to be tailored to the 
particular product. Possible approaches 
can be classified as follows: 

(1) Projeet the demand for the new 
product as an outgrowth and evolution 
of an existing old product. (2) Analyze 
the new product as a substitute for some 
existing product or service. (3) Estimate 
the rate of growth and the ultimate level 
of demand for the new product on the 
basis of the pattern of growth of estab¬ 
lished products. (4) Estimate demand by 
making direct inquiries to the ultimate 
purchasers, then blow up the sample to 
full scale. (5) Offer the new product for 
sale in a sample market^—e.g., by direct 
mail or through one chain store. (6) 
Survey consumers' reactions to a new 
product indirectly through the eyes of 
specialized dealers who are supposedly 
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unformed about consumers’ needs and 
alternative opportunities. 

2.3 PRICE RELATIONS 

Demand analysis designed to high> 

light the role of price as a control¬ 
ling factor is useful for forecasting, but 
its major role is in market management: 
pricing, advertising, distribution, and 
product design. A close analysis of price 
relations may reveal unseen areas for 
positive pricing policy. Nevertheless, em¬ 
pirical investigations of the effect of price 
on a manufacturer’s sales remain a rela¬ 
tively untouched held of demand anal¬ 
ysis. This is one reason why many com¬ 
panies do not have independent price 
policies but, rather, follow the industry 
leader or use cost criteria for pricing. 
Price relations are extremely difficult to 
analyze for manufactured products: the 
frequency and range of price variation 
are inadequate. A price change is gener¬ 
ally- felt only after a long gestation 
period, and its effects are buried in the 
shifts of the over-all economy during that 
period. Since price relations depend on 
the closeness of substitutes and the be¬ 
havior of their prices as well, the price 
relations for an industry are different 
from those for a company. 

A promising method for studying price 
relations is the controlled experiment. 
'There are various forms of experimenta¬ 
tion with prices in the market that can 
reveal an approximate price-sales sched¬ 
ule over the range of possible prices. 
Other methods, including consumer ques¬ 
tionnaires, engineering estimates, and 
correlation analysis, can, under appropri¬ 
ate conditions, produce usable estimates. 
For agricultural commodities, correlation 
analysis of the relation between short-run 
behavior of sales and short-run changes 
in prices has been widely used. 


2.4 INCOME RELATIONS 

The relation of changes in demand 
to changes in buyers’ income is 
basic for short-run forecasting. It has 


been (he subject of much statistical 
study, particularly in terras of total 
national income or disposable personal 
income. Similar analyses of corporate 
income (jirofits) in relation to business 
investment have produced significant 
correlations. 

The net relation of sales to, say, na¬ 
tional income is not simple, however, 
since it depends upon the underlying 
relations of the incomes of the particular 
group of buyers to the national aggre¬ 
gate. For example, if a function is fitted 
statistically to historical data for hay- 
baler sales and national income, the curve 
is valid for the future only if hay-farm¬ 
ers’ income fluctuations either conform 
rigidly to the national pattern or main¬ 
tain the same relationship to national in¬ 
come as in the past. This problem fre¬ 
quently arises when broad aggregates are 
used statistically, since such aggregates 
usually include much more than is rele¬ 
vant to the analysis of a single product’s 
demand. 

An illustration of a simple method for 
determining income relations is given in 
Fig. 2.3, which shows such a function for 
household appliances. The straight line 
in this chart is drawn free-hand, using 
the data for 1909-1940, and extrapolated 
to full-employment income levels that 
were expected for 1950 and 1960 to make 
an estimate of potential appliance sales 
for those years Deviations from the 
straight-line function show a distinct up¬ 
ward trend when plotted against time; 
if the trend is taken into account, the 
estimates are raised substantially, as 
shown. 


2.5 MULTIPLE RELATIONS 

Analysis of demand in terms of a 

single controlling factor has only 
limited value, since the effect of price or 
income on demand, though perhajis dom¬ 
inant, is measurably qualified by other 
variables such as competitors’ prices or 
changes in income. The natural route to 
a general demand function is therefore 
multiple correlation analysis, where we 
can use several independent variables and 
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Frederic Dewhuret and AsBociates, Ameriro’* Need» and 
Resoureet (New York: Twentieth Century Fund, IM7), 
p. 728, reprinted in Dean, Managerial Bconomtci, p. 198. 


MG. 2.3 RELATION BETWEEN DISPOSABLE INCOME 
AND CONSUMPTION EXPENDITURES FOR 
FURNITURE— 1909-1941, EXTENDED TO 
1950 AND 1960. 


get some idea of the relative influence of 
each on demand. 

Figure 2.4 illustrates this technique as 
applied to furniture demand. 

Of several functional forma that were 
tried, the best turned out to be a hyper¬ 
bola: 

F = .0036 08j20i6p-«.« 

where F equals furniture expenditures 
per household, Y equals disposable per¬ 
sonal income per household, R equals 
value of private residential construction 
per household, and P equals ratio of the 
furniture price index to the Consumer 
l*rice Index. The multiple correlation co¬ 
efficient for this function was .996, which 
means that for the 18 years used in 
the computation, there was virtually no 
deviation between actual and calculated 
furniture sales. The degree of fit to post¬ 
war years, the real test of the value of 
the equation, is surprisingly close. 

In using this statistical approach, the 


important problem is to find a few effi¬ 
cient causal factors, rather than to com¬ 
pile a catalog of influences on sales. Effi¬ 
cient indicators are found not only by 
insight into demand determinants, but 
by adaptation of statistical analysis to 
the problem and by experimentation with 
different functional relations. For in¬ 
stance, the durability of a demand func¬ 
tion is often enhanced by converting 
dollar values into physical units and 
occasionally by using a time lag between 
variables. When such refinements are 
not feasible, flexibility is a more economi¬ 
cal substitute for durability than is 
elaborateness. 


3 . COST 

Business decisions are based upon 
plans for the future and require 
choices among rival plans. In making 
these choices, estimates are needed of the 
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Dean, Managerial Economic*, p. 212. 

FIG. 2.4 PERSONAL CONSUMPTION EXPENDITURES 

FOR furniture: actual and calculated, 
(source: survey of current business, 

MAY 1950 , P. 8 .) 


effect of each alternative plan upon fu¬ 
ture expenses and revenues, and cost 
estimates must be tailored to the eco¬ 
nomic characteristics of the choices. It 
should be recognized at once that the 
only costs that matter for business deci¬ 
sions are future costs; “actual” costs— 
i.e., current or historical costs—^are use¬ 
ful solely as a benchmark for estimating 
the costs that will result from particular 
decisions. 

What does it take to get good estimates 
of these decision-making costs? The first 
requisite is a precise picture of the alter¬ 
native programs involved in the choice. 
An explicit definition of the differences 
among alternatives usually requires eco¬ 
nomic analysis of the situation. A second 
requirement is an understanding of dif¬ 
ferent cost concepts, in order to select the 
one that is most relevant. In operating a 
modem multiple-product enterprise, the 


situations requiring decisions are so 
varied not only among themselves, but 
in the character of the alternatives avail¬ 
able, that many different concepts of cost 
are needed for significant comparison of 
the alternative plans. The third requisite 
is flexible classification of the accounting 
records on several alternative bases. 
Since decision-making costs require clas 
sifications according to rival operating 
plans, multiple classifications are a desir¬ 
able informational foundation for such 
cost estimates. A fourth requi.site is in¬ 
genuity and skill in quantitative analy¬ 
sis, since typically the desired cost con¬ 
jectures can be improved by statistical 
analysis of accounting data. 

Itecision-making costs can be found 
from traditional accounting records only 
by reclassifications, deletions, additions, 
recombinations of elements, and repricing 
of input factors in the process of ahap- 
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ing the cost conjectures to fit the con¬ 
cept of cost relevant for the management 
planning choice. Traditional accounting, 
because of the need for verifiable data 
to fulfill its financial reporting function, 
uses “original cost"—i.e., historical prices 
of input factors—so that costs do not 
(with a few exceptions, such as inven¬ 
tory valuation during inflation) reflect 
changes in price levels or managerial 
mistakes in investment. Traditional ac¬ 
counts are classified primarily on the 
basis of the object of expenditure, which 
is handy for verification. When a classi¬ 
fication by function (process or de¬ 
partment) is superimposed, it also is 
generally a formalized, unvarying classi¬ 
fication, and the assumption is usually 
made that the original outlay can be 
spread among functions proportionately 
to one or several allocation bases, such 
as direct labor hours, square feet of 
spmce, and the like. 

Records of historical outlays, based 
upon these rigid classifications and for¬ 
mal proportionalities, need to be dras¬ 
tically reworked for decisions about the 
future. Classification should depend upon 
the nature of the rival programs being 
considered, and therefore should change 
from problem to problem. 

Valuation as well as classification de¬ 
pends on the purpose of analysis and 
differs with the economic characteristics 
of alternative programs. A single piece of 
equipment will have different values in 
terms of its disposal price, replacement 
cost, value in its present job, and value 
in alternative jobs. The only values that 
are irrelevant for all decisions on what 
to do with a specific asset are its original 
cost and its Imok value. 

Control and appraisal of executive per¬ 
formance require an approach to cost 
analysis that is essentially different from 
studies to aid decision-making. For man¬ 
agerial control, costs must be clarified 
according to areas of executive responsi¬ 
bility, and according to the degree of 
authority over expense delegated to the 
executive. Once one of the alternative 
plans is chosen, responsibility for carry¬ 
ing it out in an acceptable manner is 
assigned, and expenses must be reclassi¬ 


fied in a manner that will measure how 
the performance of each executive com¬ 
pares with some standard or bud^. 
Thus the basic classification by objects 
of expenditure required for pecuniary 
history and financial reports must be set 
up to enable easy reclassification on a 
basis that parallels the structure of man¬ 
agerial organization. 


3.1 COST CONCEPTS 

The kind of cost concept to be used 

in a particular situation depends 
upon the business decision to be made. 
Hence an understanding of the meaning 
of various concepts is essential for clear 
business thinking. Several alternative 
bases of classifying costs and the rele¬ 
vance of each for different kinds of prob¬ 
lems are discu.ssed below. 

Although it may be difficult, workable 
approximations of these concepts of cost 
can be developed, given, first, a clear 
understanding of the management prob¬ 
lem and of the concept of cost that is 
relevant for it; second, familiarity with 
the business and its records; and, third, 
ingenuity and boldness. Most of the raw 
materials for making these special cost 
estimates are found in the accounting 
and statistical records of the company, 
though sometimes they need to be sup¬ 
plemented by special ^ta. 

Different combinations of cost ingredi¬ 
ents are appropriate for various kinds of 
management problems. Disparities occur 
from deletions, from additions, from re¬ 
combinations of elements, from price- 
level adjustments, and from the introduc¬ 
tion of measurements that do not appear 
anywhere in the accounting records. 

3.1.1 Opportunity vs. outlay costs. A 
distinction can be drawn between outlay 
costs and opportunity costs on the basis 
of the nature of the sacrifice. Since outlay 
costs involve financial expenditure at 
some time, they are recorded in the books 
of account. Oppoitunity costs take the 
form of profits from alternative ventures 
that are foregone when limited facilities 
are used for a particular purpose, Since 
they represent only sacrifice altema- 
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tiyes, they are never recorded as such in 
the ilnancial accounts. 

Opportunity cost is the cost concept 
to use when the supply of input factors 
is strictly limited. Such rigid supply may 
occur for technical reasons, e.g., the lim¬ 
ited number of television channels avail¬ 
able in a single locality; for social rea¬ 
sons, e.g., wartime rationing; for private 
reasons, such as lack of ready cash; or 
because the problem is too short-run to 
adapt facilities to their most profitable 
long-run relation to the job. In business 
problems the message of opportunity 
costs is that it is dangerous to confine 
cost knowledge to what the firm is doing. 
What the firm is not doing but could 
do is frequently the critical cost consider¬ 
ation that it is perilous but easy to ig¬ 
nore. Under conditions of capital ration¬ 
ing, for example, the cost of acquiring 
a $100,000 gasoline station in New York 
City is not usually the interest that 
would have to be paid on the borrowed 
money but, rather, the profits or cost 
savings that could have b^n achieved if 
the $100,000 had been invested in four 
suburban gasoline stations, or in pipelines 
or refinery facilities. 

3.1.2 Past vs. future cost. Most of the 
important managerial uses to which cost 
information is put actually require fore¬ 
casts of future cost, rather than “actual 
costs,” i.e., unadjusted records of past 
cost. An examination of some of the 
major managerial uses to which cost 
information is put reveals the universal¬ 
ity of this principle. Among these uses 
are; expense control, projection of future 
income statements, appraisal of capital 
expenditures, decisions on new products 
and on expansion programs, and pricing. 
When historical costs are used, the as¬ 
sumption is made that unvarnished cost 
history is the best available estimate of 
probable future costs under the situa¬ 
tions involved in the decision. 

The fact that the future is always un¬ 
certain does not detract from the neces¬ 
sity for making explicit forecasts of fu¬ 
ture costs. We can usually make a more 
accurate projection than historical costs, 
which rarely represent the best guess that 
can be made concerning the future. 
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3.1.3 Short-run vs. long-run costs. The 

distinction between short-run and long- 
run cost behavior is basic in economic 
theory. Roughly, short-run costs are as¬ 
sociated with variation in the utilization 
of fixed plant or other facilities, whereas 
long-run cost behavior encompasses 
changes in the size and kind of plant. The 
distinction is based upon the degree of 
adaptation of all input factors to rate 
and type of output. When there is per¬ 
fect flexibility in the size of plant, labor 
force, executive talent, and so forth, long- 
run costs are identical with short-run 
costs. Anything short of perfect flexibility 
produces cost behavior that can be 
changed, given time and investment re¬ 
sources. Such alterable costs are short 
run. The conventional dichotomy of long- 
run versus short-run cost curves needs 
to be expanded in economic theory to 
envision a whole family of cost curves 
that difi'er in degree of adaptation, so 
that^ the conventional long-run cost curve 
is the limiting case of perfect adaptation. 
In the real world, adjustments to higher 
output, new materials, or new product 
designs typically take a variety of forms 
that fall short of the perfect adaptation 
of the long-run cost curves. They pro¬ 
gress gradually by widening a succession 
of bottlenecks rather than by adding an 
entire balanced unit. 

3.1.4 Variable vs. constant cost. Vari¬ 
able costs are distinguished from con¬ 
stant costs on the basis of the degree to 
which they vary in total with changes 
in rate of output. Which cost items are 
fixed and which variable depends on the 
degree of adaptation of costa to output 
rate, i.e., the degree to which the adjust- 
lAent is short-run as opposed to long- 
run. The distinction also depends on the 
size and the suddenness of the change in 
output, and on the amount of pressure 
put on management to increase efficiency 
and to defer postponable expenditure. 

The distinction between variable and 
constant costs is important in forecasting 
the effect of short-run changes in volume 
upon costs and profits. The break-even 
chart illustrates this application in pre¬ 
dicting profits; the flexible budget illus¬ 
trates an application to control of costs 
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by setting standards that are adjusted 
for volume changes. 

3.1.5 Troceable vs. common cost. A 
traceable cost is one that can be identified 
easily and indisputably with a unit of 
operation, e.g., a product, a department, 
or a process. In accounting terminology, 
direct costs are distinguished from indi¬ 
rect costs on the basis of traceability to 
different products. Common costs are 
costs that are not traceable to individual 
final products, or to plant, department, 
and operation. 

Traceability of costs becomes impor¬ 
tant when multiple products that incur 
common cost differ considerably in pro¬ 
duction or marketing processes, and 
when cost has significance in decisions on 
adding or subtracting from a product 
line, product pricing, or product mer¬ 
chandising. It is not necessary that costs 
be traceable all the way to the product 
for this distinction to be useful for man¬ 
agement. The degree of traceability 
varies from cost to cost, some costs being 
traceable as far down as divisions, others 
dowry to departments, and others down 
to cost centers. 

3.1.6 Out-of-pocket vs. book cost. 

Out-of-pocket costs refer to costs that 
involve current payments to outsiders as 
opposed to book costs, such as deprecia¬ 
tion, tliat do not require current cash 
expenditures. Not all out-of-pocket costs 
are variable—e.g., the night watchman’s 
salary. Not all out-of-pocket costs are 
traceable—e.g., the electric power bill. 
Conversely, book costs are in some in¬ 
stances variable—e.g., depletion of ore or 
oil—and in some instances are readily 
traceable and hence a part of direct costs. 
The distinction primarily affects the 
firm’s cash position, but it is also signifi¬ 
cant for other than liquidity decisions. 

3.1.7 Incremental costs vs. sunk cost. 
Incremental costs aro the change in total 
costs resulting from a change m the level 
or nature of activity. They can refer to 
any kind of change; adding a new prod¬ 
uct, changing distribution channels, add¬ 
ing new machinery. Sunk costs are the 
costs that are not altered by the change 
in question. Most business decisions re¬ 
quire cost estimates that are essentially 


[3.1J 

incremental, and costs that are not al¬ 
tered by the contemplated change are 
sunk and irrelevant. 

Incremental costs are not necessarily 
variable, traceable, or cash costs. In 
many short-run problems, the most im¬ 
portant incremental cost is the foregone 
opiwrtunity of using limited facilities in 
their present work rather than shifting 
them to a new activity. Similarly, sunk 
costs can be cash costs (e.g., the presi-. 
dent's salary); they can be variable 
(e.g., when the change in question is 
of customers rather than products); and 
they can be traceable. 

3.1.8 Controllable vs. non-controlla- 
ble cost. The distinction between control¬ 
lable and non-controllable costs depends 
upon the level of management. Some 
costs are not controllable at the shop 
level since they depend on decisions 
upstairs, but at some level all costs 
come into the discretionary area of some 
executive. The controllability distinction 
is primarily useful for expense and effi¬ 
ciency control, since budgets can be set 
up that correspond to areas of manage¬ 
rial responsibility, as discussed in Art. 
1, profits. 

From the foregoing classification, it is 
clear that cost is a relative matter. What 
is cost depends upon what sacrifices are 
really produced by a particular business 
decision. These different cost concepts 
do not necessarily correspond to any 
accounting category. It is better to use 
a rough approximation of the concept 
of cost that is correct for a particular 
decision than to have an accurate esti¬ 
mate of an irrelevant concept. The un¬ 
sophisticated executive is in danger of 
taking the easier course of using con¬ 
ventional accounting costs as though 
they were appropriate for all purposes. 
Instead, it is better to modif}- reported 
costs as necessary to make the best pos¬ 
sible guess at the concept theoretically 
relevant for each decision. 

3.2 COST AND OUTPUT BATE 

Generally, in the short run a func¬ 
tional relation exists between cost 
and a set of independent variables, which 



3.2.1} 


MANAGERIAL ECONOMICS 


7S 


TABLE 2.2 CLA.SSIFICATION OF COST DISTINCTIONS* 


Dichotomy 

Basis of distinction 

Opportunity Costs 

Outlay Costs 

Nature of the Sacrifice 

Past Costs 

Future Costs 

Degree of Anticipation 

Short-Run Costs 

Long-Run Costs 

Degree of Adaptation to Present Output 

Variable Costs 

Constant Costs 

Degree of Variation with Output Rate 

Traceable Costs 

Common Costs 

Traceability to Unit of Operations 

Out-of-pocket Costs 

Book Costa 

Immediacy of Expenditure 

Incremental Costs 

Sunk Costs 

Relation to Added Activity 

Escapable Costs 

Unavoidable Costs 

Relation to Retrenchment 

Controllable Costs 

Non-Controilable Costs 

Controllability 

Replacement Costs 

Historical Costs 

1 

Timing of Valuation - 


* From Dean, Managerial Eeoaomiee, p. 271. 


may include, for example, volume of pro¬ 
duction, size of production lot, prices of 
input services, and variety of output. 
The independent variables will be differ¬ 
ent for each type of manufacturing oper¬ 
ation, although in general the most im¬ 
portant variable is rate of output. The 
independent variables are considered to 
determine cost behavior. 

The output relation is the most im¬ 
portant to study because it is subject 
to faster and more frequent changes. 
ITie characteristics of the fixed equip¬ 
ment play a dominant role in the deter¬ 
mination of a plant's pattern of short- 
run cost behavior—i.e., the shape of the 
relation between total cost and rate of 
output. The critical characteristic for 
this purpose is the degree of segmenta¬ 
tion possible in the plant, that is, its 
potentiality of varying the rate of out¬ 
put flow without changing the propor¬ 
tions of variable inputs to fixed equip¬ 
ment in use Segmentation in this sense 
refers to the technical nature of the fixed 
equipment that permits a wide range of 
choice in the machine-hours used per 
week. 

The point where a plant falls on this 
segmentation scale depends on the tech¬ 


nical nature of the equipment, the suc¬ 
cess of managerial efforts to segmentize, 
and the nature of the labor contract. 
Three sources of segmentation can be 
distinguished. The first is physical divisi¬ 
bility, where fixed equipment consists of 
a large number of homogeneous units. An 
example of this is a hosiery mill where 
the knitting of stocking legs is done on 
many nearly identical knitting machines. 
It is possible, secondly, to introduce seg¬ 
mentation by varying the number and 
hours of the shifts per period that the 
fixed equipment is employed. Thirdly, if 
the technical nature of the fixed plant is 
such that it can be used at varying 
speeds, "speed” segmentation can be ob¬ 
tained by operating machines at faster 
or slower rates. In many industries the 
development of plants that can produce 
a variety of products in a wide range of 
proportions, and o^ierate efficiently at 
many rates of output, have brought 
about much time, speed, and unit seg¬ 
mentation. 

3.2.1 Different approaches to deter¬ 
mination of cost functions. For several 
kinds of management problems it is de¬ 
sirable to find an empirical apjiroxima- 
tion of short-run cost functions. Empiri- 
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cal functions are necessarily approximate, 
since they cannot include every kind of 
short-run cost factor, nor can they find 
the exact relation of cost to the factors 
used. 

There are several approaches to an 
estimate of cost function: (1) Classifica¬ 
tion of accounts into fixed, variable, semi¬ 
variable, on the basis of judgment and 
inspection. (2) Estimation of the rela¬ 
tionships of cost-output on the basis of 
engineering conjectures. (3) Determina¬ 
tion of the cost function and the degree 
of output variation by statistical 
analysis. 

These three approaches are not always 
mutually exclusive. Often it is desirable 
to use two or more to supplement each 
other. Nevertheless, it is usually desirable 
to try to determine at the outset which 
of the three should receive greatest 
emphasis. 

Statistical approach. When conditions 
are appropriate for its use, the statistical 
approach is likely to produce more reli¬ 
able results than the other methods. In 
essence, it uses multiple correlation anal¬ 
ysis to find a functional relation between 
changes in costs and the important cost 
determinants, such as output rate, lot 
size, output fluctuations, and so forth. 
(See Art. 5.8, Section 13.) 

The power of statistical analysis lies 
in its ability to pick out the fixed cost 
elements in each cost component, such 
as direct labor of fuel consumption, and 
to show whether costs vary with changes 
in particular cost determinants. 

Fig. 2.5 presents one finding of a sta¬ 
tistical cost study. 

The technique has been used here to iso¬ 
late the relation between output and cost 
when all other cost determinants are held 
constant at particular levels. One never 
finds such constancy of “other” cost 
determinants in empirical series of cost 
observations. The constancy shown here 
is rather one of the products of the sta¬ 
tistical method, a highly useful product 
where a management problem relates to 
changes in a single cost determinant. 

Accounting approach. The accounting 
approach is usually aimed at finding only 


the relation between output levels and 
costs. The method consists of classifying 
each cost item by inspection into one of 
three categories: (1) fixed, (2) variable, 
and (3) semi-variable. Fixed costs are 
supposed to be the same (in monthly 
total) regardless of output rate; costs 
classed as variable are assumed to change 
proportionally with output; and semi¬ 
variable costs are sometimes assigned 
roughly some proportion of variability 
and sometimes further analyzed into 
fixed and variable components. 

This method is the simplest and least 
expensive of the three, since the analysis 
is based chiefly on inspection and experi¬ 
ence. It tends to give an oversimplified 
model of cost behavior and should be 
supplemented by graphic statistical anal¬ 
ysis as a test of recent patterns of cost 
variability. 

Engineering approach. In essence, the 
engineering method consists of systematic 
conjectures about what cost behavior 
ought to be in the future on the basis of 
what is known about the rated capacity 
of equipment, modified by experience 
with man-power requisites and efficiency 
factors, and with past cost behavior. 
Hence, it depends upon knowledge of 
physical relationships supplemented by 
pooled judgments of practical operators. 
It should, and usually does, make use of 
whatever analyses of historical cost be¬ 
havior are appropriate and available, as 
a means of improving the judgment. 
Typically, the engineering estimate is 
built up in terms of physical units—i.e., 
man-hours, pounds of material, and so 
forth—^and is converted into dollars at 
current or prospective cost prices. The 
cost estimates are usually developed at 
a series of peg points that cover the con¬ 
templated or potential output range. 

The engineering approach is the only 
feasible method when the inadequacy of 
experience and records provides little 
systematic historical basis for estimating 
cost behavior. The approach is also de¬ 
sirable when it is necessary to estimate 
the effect of major changes of technology 
or plant size upon cost behavior over a 
familiar or unfamiliar output range. 
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3.3 COST AND SIZE OF PLANT 

In the studies of short-run cost be¬ 
havior discussed in Art. 3.2, plant 
size was approximately constant. We now 
turn to the long-run problem of finding 
empirically what effect varying the size 
of plants kas upon cost. 

To clarify the measurement problem, 
it is desirable to distinguish plant size 
from two other phases of size that some¬ 
times confuse the issue: size of firm, and 
depth of plant. Size of plant is different 
from size of firm, even when there is 
only one plant. The firm encompasses 
several economic functions in addition 
to production. Each of these operations 
usually has a different cost-size relation¬ 
ship and a different optimum size. Big 
companies find a practical solution for 
this disparity in having units that differ 
in size for each economic function—e.g., 
60,000-barrel refineries and 1,000-gaUon 
gas stations. Despite oceans of specula¬ 
tion, little is really known about the 
relation of size of firm either to cost or 
to more subtle and relevant measures 
of over-all economic efficiency, such as 
profitability. Our problem here is simply 
to find how cost varies with the size of 
plant for a particular function, such as 
retailing shoes or generating electricity. 

The problem of size of plant must also 
be distinguished from depth of plant. 
Plant depth is a different dimension of 
“size” that is analogous to the degree of 
vertical integration for the firm. A pure 
assembly plant is not comparable to a 
plant that manufactures its own parts 
and subassemblies. Such differences in 
plant depth confuse the conception of the 
relation of plant size to cost or obscure 
its measurement. 

Four approaches to the problem of 
cost and size of plant merit considera¬ 
tion: (1) Analysis of changes in actual 
cost that accompanied the growth of a 
single plant over a period of time. (2) 
Analysis of differences in actual cost of 
plants of different sizes operated by sep¬ 
arate firms and observed at the same 
time. (3) Engineering estimates of the 
alternative cost where the same technol¬ 
ogy of manufacturing is used in plants 
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of different azes. (See Section 3, Engi¬ 
neering Economy.) (4) Analysis of 
differences in the actual costs of different¬ 
sized plants operated by one corpora¬ 
tion. 

The first approach encounters insuper¬ 
able difficulties in correcting the data for 
changes in products, technology, and 
management, unless the firm displays 
very little technical advance during its 
growth. Successive observations of the 
firm as it adapts itself are likely to rep¬ 
resent an expansion path that traces 
only growth in number of plants oper¬ 
ated and seldom large-scale increases in 
plant size. Problems also arise in rectify¬ 
ing cost data for changes in prices, and 
for differences in valuation and in ac¬ 
counting procedures. 

The second approach—simultaneous 
observations of plants that differ in size 
and ownership—encounters comparable 
difficulties of appraising differences in 
products, techniques, accounting meth¬ 
ods, valuation bases, price levels, and 
managerial effectiveness. Even for so 
homogeneous a product as electric power, 
there are variations in daily load pat¬ 
terns, age of plant, and many other fac¬ 
tors that make cost comparisons all but 
meaningless for measuring the economies 
of large-scale plants. 

The third method—engineering con¬ 
jectures of costs of plants of different 
size—is the only one that has wide usage 
in the business community. However, the 
question always arises of how adequately 
such estimates take account of all oper¬ 
ating circumstances. Recent experiments 
with pulverizing big plants and operating 
several smaller units have indicated that 
imponderables missed by engineering 
estimates are significant. Gains from the 
standpoint of employee morale and man¬ 
agement efficiency seem to have offset 
economics of specialization. 

The fourth method is promising for 
some types of problems. If a company 
has a large number of plants carrying 
on similar activities—for instance, a 
chain of grocery stores or warehouses— 
the question of the minimum-cost size 
of such plants inevitably arises. If the 
plants have uniform accounting systems 
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FIG. 2.6 AVERAGE-COST FUNCTION FOR SHOE STORE 
CHAIN. 


and uniform management policies, this 
problem is susceptible to a statistical 
analysis similar to the methods discussed 
in the previous section. Figure 2.6 shows 
the results of such a study for a retail 
store chain. 


3.4 COSTS OF MULTIPLE PRODUCTS 

Determination of the costs of in¬ 
dividual articles produced and sold 
in multiple-product operations is of great 
practical importance for some problems. 
For example, it can be used to guide 
birth and death decisions that affect 


product line, to influence product modi¬ 
fication and redesigning, to select the 
most appropriate system of price differ¬ 
entials among members of an existing 
product line, and to indicate opportuni¬ 
ties and limits for non-price competition 
by revealing the incremental profits of 
different products. 

The individual product costs needed 
are the increments that will occur if and 
when the change in question occurs—^i.e., 
the costs that are different if the de¬ 
cision goes one way rather than the 
other. These incremental and oppor¬ 
tunity costs needed for decision-making 
have no necessary relation to the prod- 
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uct costs obtained by conventional cost 
accounting. The conventional “full costs” 
are built from records of historical out¬ 
lays and from necessarily arbitrary allo¬ 
cations of overheads, many of which are 
unaffected by (and therefore irrelevant 
to) the particular decision. 

Some costs are traceable to individual 
products (e.g., purchased parts and com¬ 
ponents), while other costs are common 
to several products (i.e., they are not 
easily identified with a single product). 
For example, the cost of the factory 
building is common to all the types of 
products made there. The problem of 
product-costing arises in identifying 
parts of common costs with particular 
products. 

Some common costs are unaffected by 
the kind of change that is up for decision. 
Common costs that are fixed do not need 
to be allocated, since they are irrelevant 
for any decision for which they are con¬ 
stant. It is the common costs that vary 
with the decision that must be allocated 
to individual products. 

Some decisions involve such a major 
overhaul of the cost structure that special 
cost studies are needed to determine the 
incremental costs. But the occasions for 
such decisions are quite rare. More fre¬ 
quent are problems that are closely re¬ 
lated to variations in rate of output of 
particular products. For these decisions 
short-run variable costs are most im¬ 
portant. Hence special attention needs 
to be given the allocation of variable 
common costs. 

3.4.1 Jointness of products. For prod¬ 
uct-costing it is desirable to distinguish 
two broad categories of common prod¬ 
ucts: joint products and alternative 
products. When an increase in the pro¬ 
duction of one product causes an increase 
in the output of another product, then 
the products and their costs are tradi¬ 
tionally defined as joint. In contrast, 
when an increase in the output of a 
product is accompanied by a reduction 
in the output of other products, the 
products may be called alternative. Slag 
and steel are joint products, but steel 
rails and steel bars are alternative prod¬ 
ucts. 
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In principle, two joint-cost situations 
can 1 m distinguished. First, when the 
proportions of the end products can be 
varied; second, when these proportions 
are fixed. When proportions are fixed, 
separate product costs are indeterminate. 
There is not even much point in 
contemplating the separate costs of 
bringing hams and shoulders to the 
slaughter-house, since each unavoidably 
accompanies the other. When one prod¬ 
uct is much less important than the 
other, it may be called a by-product, a 
gratuitous use of a waste material, but 
there is no real distinction between joint 
products and by-products. Where the 
march of technology is rapid, as in chem¬ 
istry, by-products soon become joint 
products and may even take on senior 
status. 

For joint products of variable pro¬ 
portions, cost problems relate commonly 
to the incremental effect of an increase 
in output rate to meet new demand for 
one of the joint products. Such an in¬ 
crease involves higher output for all the 
products and may therefore cause a re¬ 
duction in prices of joint products in 
order to get rid of them—e.g., more slag 
from increased output of steel. Thus the 
added revenue from one joint product 
must cover not only the added cost of 
the whole product package, but also any 
loss of revenue from lowered prices of 
the other joint products as well. 

In the case of common costs that are 
not joint between two products, increas¬ 
ing the output of one product is either 
unassociated with an increase in the out¬ 
put of the other, or requires a sacrifice 
or reduction of the output of the other. 
In the first instance, the separate in¬ 
cremental costs are, at least in priniciple, 
determinant; in the second case, where 
sacrificed production of other products is 
involved, the concept of opportunity 
costs is frequently the most important. 
For example, the principal cost of can¬ 
ning tomatoes may be the foregone op¬ 
portunity to pack tomato juice. 

3.4.2 Petroleum refining—an illustra¬ 
tion. An illustration from home-heating 
fuel oil may help to point up the fore¬ 
going analysis. 
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Crude oil yidds a mixture of joint and 
alternative products, in which, as a re¬ 
sult of modem refinery processes— 
catalytic cracking and polymerization 
—the range of practical variation in pro¬ 
portions of gasoline and fuel oil is 
rather wide. Given this variability, the 
refiner’s problem is to detennine the 
real costs that will be incurred by a 
decision to increase the output of fuel 
oil without changing gasoline production. 

The most satisfactory way to estimate 
the cost of heating oil for this manage¬ 
ment decision is its gasoline opportunity 
cost. The cost of heating oil is the 
foregone gains that could have been 
realized by converting the oil into gas¬ 
oline, which is usually the most impor¬ 
tant product. Gasoline is the important 
product, because it is the one that justi¬ 
fies the refinery investment. It is the 
big-volume, high-margin product, the 
demand for which is inelastic, largely 
because there is little substitute compe¬ 
tition. Hence there is also less risk of 
losing the market than there is of losing 
the market for heating oil. Thus costing 
heating oil on the basis of gasoline con¬ 
version value measures almost directly 
the minimum price at which it would be 
better to convert into gasoline rather 
than to sell as heating oil. 


4 . PBICB POLICY 

4.1 PRICE POLICIES AND OBJECTIVES 

From the modern firm’s-eye view, 
competitive action can generally 
take three forms: (1) product improve¬ 
ments and new products, (2) sales pro¬ 
motion—advertising, introductory offers, 
etc., and(3) adjustments of selling prices. 

A policy approach, which is becoming 
normal for other sales activities, is com¬ 
paratively rare in pricing. Most well- 
managed manufacturing enterprises have 
a clear-cut advertising iwlicy, product 
policy, customer policy, and distribution- 
channel policy. But pricing decisions re¬ 
main a patchwork of ad hoc decisions, 
and are dealt with on a crisis basis. Price 
management by catastrophe discourages 
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the systematic analyas needed for clear- 
cut pricing policies. 

4.1.1 Kinds of competitive situations. 

Since different competitive situations re¬ 
quire quite different pricing, good solu¬ 
tion? for pricing problems require an 
und€rstanding of the competitive en¬ 
vironment in which the company sells 
its various products. 

In pure competition, sellers have no 
pricing problems because they have no 
price discretion; they sell at the market 
price or not at all. Price policy has prac¬ 
tical significance only when there is a 
considerable degree of imperfection in 
competition, enabling the firm to make 
some sales in spite of disparities with 
competitors’ prices. 

In our analysis of pricing, we shall 
be concerned with only those kinds of 
competitive structures that are thus 
marked by a zone of price discretion. 
On the basis of product, such competitive 
structures can be broken into three types, 
depending on whether the product has: 
(1) lasting distinctiveness, (2) perishable 
distinctiveness, or (3) little distinctive¬ 
ness and a few competitive sellers. These 
three situations call for different kinds of 
price policy, which we shall discuss be¬ 
low. 

Since product differentiation is of criti¬ 
cal importance in price competition, it 
should be understood that the only kind 
of product distinctiveness or differentia¬ 
tion that is important in competitive 
relationships exists in individual buyers’ 
minds, not in technical factual difference. 
Some people choose televi.sion sets on 
the basis of price alone, because all sets 
look alike to them; others choose on 
the basis of cabinet design alone, since 
they can understand appearance but not 
performance, and are willing to pay 
whatever price is asked; still others may 
choose on the basis of performance alone. 
Most of us, of course, care about several 
such product characteristics, or, if you 
please, product dimensions, and have to 
establish an optimum compromise posi¬ 
tion among them. Thus each seller can 
usually have a monopoly with a few 
buyers and, at the same time, be in 
strong competition for sales to others. 
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4.2 PRICING PRODUCTS OF LASTING 

DISTINCTIVENESS 

A product with strong and durable 

distinctiveness—that is, a rock- 
ribbed monopoly—is so rare in our 
economy that we shall not take the space 
to discuss its appropriate price policy, 
which is well established in economics 
as the theory of monopoly pricing. The 
traditional keystones of monopoly—con¬ 
trol of scarce raw materials, patents, 
economies of large-scale production— 
have become steadily weaker in the face 
of the recent advances of industry in 
stibstituting one material for another, 
one design for another, and one process 
for another to achieve a given objective. 
Many industries have found that inade¬ 
quacies of patent protection make it 
more profitable to pool technical ad¬ 
vances among firms than to tr\' to 
exploit individual discoveries. It is often 
best to assume, therefore, that new 
products that are distinctive at the out¬ 
set will inevitably degenerate over the 
years into common commodities, with 
the entry of competition. 


4.3 PRICING PRODUCTS OF PERISHABLE 
DISTINCTIVENESS 

The real monopoly pricing problem 
starts when a company finds a 
product that is a radical departure from 
existing ways of performing a service and 
that is temporarily protected from com¬ 
petition by patents, secrets of produc¬ 
tion, control of a scarce resource, or 
by other barriers. Since price policy will 
inevitably have a serious influence bn 
the rate of degeneration in the product’s 
distinctiveness, price policy must inte¬ 
grate a forecast of that decline with com¬ 
pany objectives as to it£- ultimate market 
position for the product. 

Forecasting the progress of the new 
product is actually forecasting three ap¬ 
proximately parallel time paths: (1) 
technical maturity, indicated by declin¬ 
ing rate of product development, increas¬ 
ing standardization among brands, and 
increasing stability of manufacturing 


processes and knowledge about them; 
(2) market maturity, indicated by con¬ 
sumer acceptance of the basic service- 
idea, by widespread belief that the prod¬ 
ucts of most manufacturers will perform 
satisfactorily, and by enough familiarity 
and sophistication to permit consumers 
to compare brands competently; and (3) 
competitive maturity, indicated by in¬ 
creasing stability of market shares and 
price structures. 

Of course, interaction among these 
components tends to make them move 
together—that is, intrusion by new com¬ 
petitors helps to develop the market. But 
entrance is mo.st tempting when the 
new product appears to be establishing 
market acceptance. 

What are the factors that set the place 
of degeneration? An overriding determi¬ 
nant is technical—the amount of capital 
investment needed to use the innovation 
effectively. But aside from technical fac¬ 
tors, the rate of degeneration is con¬ 
trolled by economic forces that can be 
subsumed under (1) rate of market ac¬ 
ceptance, and (2) ease of entry. 

“Market acceptance’’ means the extent 
10 which buyers consider the product a 
serious alternative to other ways of pier¬ 
forming the same service. The speed of 
market acceptance varies widely, from 
the slow growth of garbage-disposal units 
to the spiectacular acceptance of anti¬ 
histamine cold tablets, bail-point piens, 
and soil conditioners. Low unit cost (25/ 
rather than $300) probably favors 
growth, and a piast record of successful 
product innovations aids in giving con¬ 
sumers faith in the company's technical 
ability and honesty. 

Ease of entry is even more difficult 
to analyze than market acceptance, but 
probably the most important factor to 
consider is compietitors’ capital resources 
for research and promotion. And of 
course the bigger the opportunity in a 
new product, the more capital there is 
available to invade your field. 

4.3.1 Poiicias for pioneer pricing. The 
strategic decision in pricing a new prod¬ 
uct IS the choice between: (1) a policy 
of high initial prices that skim the cream 
of demand; and (2) a piolicy of low 
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prices from the outset serving as an 
active agent for market penetration. Al¬ 
though the actual range of choice is 
much wider than this, a sharp dichotomy 
clarifies the issues for consideration. 

Skimming price. For products that 
represent a drastic departure from ac¬ 
cepted ways of performing a service, a 
policy of relatively high prices coupled 
with heavy promotional expenditures in 
the early stages of market development 
(and lower prices at later stages) has 
proved successful for many products. 
There are several reasons for the success 
of this policy: 

(1) Demand is likely to be more in¬ 
elastic with respect to price in the early 
stages than it is when the product is 
full-grown, particularly for consumers’ 
goods. The public is still ignorant about 
the uses and limitations of the product, 
and there are frequently no readily ap¬ 
parent substitutes. Hence the people who 
are willing to buy tend to be adventure¬ 
some types who want to try out new. 
ways of raising their living standards, 
and who are more susceptible to pro¬ 
motional effort than to price advantages. 

(2) Launching a new product with a 
high price is an efficient device for break¬ 
ing up the market. This is actually a 
form of price discrimination. After sell¬ 
ing to the market described in (1) above, 
the price is slowly lowered to reach 
successively less daring customers until 
market saturation is sufficient to rob the 
product of all novelty. 

(3) The skimming-price policy is 
safer, or at least appears so. That is, 
the company will not market the product 
at all unless initial prices cover the 
early high costs of production and sell-* 
ing—costs that, if success were certain, 
would be considered part of the invest¬ 
ment outlay in the new product. 

(4) Many companies are not in a 
position to finance the product flotation 
out of distant future revenues, even 
when the effects on market expansion 
make a low initial price clearly more 
profitable than a high price. High initial 
prices thus finance the costs of raising 
a product family when uncertainties 
block the usual sources of capital. 


Penetration price. The alternative pol¬ 
icy is to use low prices as the principal 
instrument for penetrating mass markets 
early. This policy is the reverse of the 
skimming-price policy, in which price is 
lowered only as short-run competition 
forces it. The orthodox skimming policy 
has the virtue of safeguarding some 
profits at every stage of market pene¬ 
tration. But it prevents quick sales to 
the many buyers at the lower end of 
the income (or preference) scale who 
are imwilling to pay any substantial 
premium for novelty or reputation su¬ 
periority. The active approach in prob¬ 
ing possibilities for market expansion by 
early penetration pricing requires re¬ 
search, forecasting, and courage. The 
low-price pattern should be adopted with 
a view to long-run rather than to short- 
run profits, with the recognition that it 
usually takes time to attain the volume 
potentialities of the market. 

What conditions warrant aggressive 
pricing for market penetration? First, 
there should be a high responsiveness of 
sales to reductions in price. Second, sav¬ 
ings m production costs as the result of 
greater volume should be substantial. 
Third, the product must be of such a 
nature that it will not seem bizarre when 
it is first fitted into the consumers’ ejp 
penditUre pattern. Fluorescent lighting, 
which exemplifies these three traits, 
showed a dramatic growth of sales in 
response to early penetration pricing. 

A fourth condition that is highly per¬ 
suasive for penetration pricing is the 
threat of potential competition. One of 
the major objectives of most low-pricing 
policies in the pioneering stages of 
market development is to raise entry 
barriers to prospective competitors. But 
stay-out pricing is not always appropri¬ 
ate; its success depends on the costs of 
entry for competitors and on the expected 
size of market. When total demand is 
expected to be small, the most efficient 
size of plant may be big enough to 
supiily over half the market. In this 
ca.'se, a low-price policy can capture the 
bulk of the market and successfully hold 
back low-cost competition, whereas high 
prices are an invitation for later comers 
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to invade established iharkets by selling 
at discounts. In many industries, how¬ 
ever, the important potential competitors 
are large multiple-product firms for 
whom the product in question is prob¬ 
ably marginal. For such firms, present 
margins over costs are not the dominant 
consideration, because they are normally 
confident that they can get their costs 
down as low as competitors’ costs if the 
volume of production is large. Thus, 
when the total market is expected to 
stay small, potential competitors may 
not consider the product worth trying, 
and a high-margin policy can be followed 
with impunity. 

On the other hand, when potential 
sales appear to be great, there is much 
to be said for setting prices at their 
expected long-run level. A big market 
promises no monopoly in cost savings, 
and the prime objective of the first 
entrant is to entrench himself in a 
market share. Brand preference costs 
less at the outset than after the com¬ 
petitive promotional clamor has reached 
full pitch. An off-setting consideration 
is that, if the new product calls for 
capital recovery over a long period, there 
is a risk that later entrants will be able 
to exploit new production techniques 
which undercut the pioneer’s original 
cost structure. 

Profit calculation should recognize all 
the contributions that market-develop¬ 
ment pricing can make to the sale of 
other products and to the long-run future 
of the company. Often a decision to use 
development pricing will turn on these 
considerations of long-term impacts on 
the firm’s total operation strategy rather 
than on the profits directly attributable 
to the individual product. 

An example of market-expansion pric¬ 
ing is found in the experience of a pro¬ 
ducer of asbestos shingles. Asbestos 
shingles have a limited sale in the 
high-price house market. The company 
wanted to broaden the market in order 
to compete effectively vrith other roofing 
products for the inexpensive home. It 
tried to find the price of asphalt shingles 
that would make the annual cost per 
unit of roof over a period of years as 
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low as the cheaper roofing that currently 
commanded the mass market. Indications 
were that the price would have to be at 
least this low before volume sales would 
come. Next, the company explored the 
relation between production costs and 
volume, far beyond the range of its own 
volume experience. Variable costs and 
overhead costs were estimated separately 
and the possibilities of a different oi^ani- 
zation of production were explored. Cal¬ 
culating in terms of anticipated dollars 
of profit rather than in terms of per¬ 
centage margin, the company reduced the 
price of asbestos shingles and brought 
the annual cost down close to the cost 
of the cheapest asphalt roof. This re¬ 
duction produced a greatly expanded vol¬ 
ume and secured a substantial share of 
the mass market. 


4.4 PRICING STANDARD PRODUCTS 
WHEN COMPETITORS ARB 
FEW 

In this section we discuss oligopoly, 
the third competitive situation 
where price policy is an important 
management problem. Oligopoly is com¬ 
petition where three, four, or fifteen firms 
have not only similar products but 
roughly similar production costs. Usually, 
rivals’ products are sufficiently different 
in buyers’ minds to make brands an 
important feature in marketing and to 
allow differences in prices, yet sufficiently 
similar to make a seller watch rivals’ 
prices closely. 

In industries where a few competitors 
dominate the supply of relatively uni¬ 
form products, periods of low demand 
and excess capacity create serious com¬ 
petitive problems. This is particularly 
so in industries with heavy plant invest¬ 
ments, and high barriers to entry. Each 
manufacturer is aware of the disastrous 
effects that an announced reduction of 
his own price would have on the prices 
charged by comi>etilors. As a result, these 
companies have by experience developed 
a pronounced aversion for attempting to 
gain market share by open price cutting. 
Under these circumstances, market share 
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is largely determined by secret price con* 
cei^ons and by non-price competition. 

When the dynamic changes in demand 
and cost conditions that prompt a given 
price change are viewed in much the 
same way by all rivals, they do not cause 
serious uncertainties concerning rivals’ 
reactions. But these uncertainties do be¬ 
come serious; (a) when rivals are quite 
differently affected by the same general 
changes in conditions, (b) when rivals 
differ in their estimates concerning the 
future conditions for which they are 
pricing, and (c) when rivals have drasti¬ 
cally different notions about the effective¬ 
ness of price changes. 

Since these disruptive influences are 
continually at work to some degree in 
many industries, a critical problem of 
oligopoly is to devise industry practices 
that can reconcile the need for adjust¬ 
ments to changing industry demand with 
the need to maintain the precarious price 
structure that has been established. 

Two important releases from this di¬ 
lemma are (1) non-price competition and 
(2) price leadership. When these are 
inadequate or slow to relax conflicting 
pressures in a new demand situation, 
there are still several varieties of under¬ 
ground price competition that can be 
used to maintain a facade of industrial 
peace in the industry without resorting 
to war. We shall discuss these here. 

4.4.1 Non-prictt competition. Non¬ 
price competition is viewed with far 
more equanimity than price-cutting, and 
is frequently quite unrestrained. The 
basic reason may be that retaliation is 
much more difficult against advertising 
or product improvements than against 
price-cutting. The great variation in effi¬ 
ciency of marketing activities demon¬ 
strates the importance of “know-how” 
barriers to retaliation. The best way of 
doing things is too peculiar to each Arm’s 
situation to permit speedy imitation. Re¬ 
taliation therefore often takes a different 
route. A sampling campaign by one soap 
manufacturer is met by a contest rather 
than by a duplication of the sampling 
campaign Furthermore, the sales effects 
of a particular promotional stratagem 
are far less clear than the effects of 


price-cutting, and there is usually a less 
compelling necessity to retaliate. 

4.4.2 Price leadership. The institution 
of price leadership is another way for 
oligopoly competitors to achieve the 
delicate adjustment to changing cost 
and demand conditions without precipi¬ 
tating a price war. One firm takes the 
initiating role in all price changes, and 
the other firms follow along, matching 
the leader’s price exactly, or with estab¬ 
lished differentials. Price leadership in 
action may be seen most clearly in a 
mature and stable industry with a stand¬ 
ardized prodiict, such as steel, oil, ce¬ 
ment, or building materials. But it plays 
an important part in many industries 
that have considerable product differenti¬ 
ations. 

Price leadership greatly reduces the 
number of possible reactions of a price 
change, and thus gives a modicum of 
certainty to the pricing aspects of market 
forecasting. All that is needed is one 
firm whose price policy is consistently 
acceptable to most of the industry. The 
form that leadership actually takes de¬ 
pends on the size structure of the indus¬ 
try’s firms, on disparities in their cost 
functions, product differentiation, and 
geographical distribution, and on the pat¬ 
tern and stability of demand. In the more 
sophisticated industries, there is a feel¬ 
ing of mutual responsibility of the leader 
to set prices that other firms can live 
with, and of the followers to follow the 
leader in the best interests of the group. 

Problems of the price leader. Broadly 
conceived, the problem of the price leader 
is a problem of industrial statesmanship, 
particularly when industry conditions are 
changing rapidly. If he fails to reconcile 
his own and the industry’s interests with 
those of the followers, he may easily 
impair his own position in leadership and 
market share. 

In many industries, price leadership 
has been fairly responsive to changes in 
cost and in demand, and at the same 
time has managed to dampen the ampli¬ 
tude of cyclical fluctuations. Under 
leadership, prices have not gone as high 
in boom periods or as low in depressions. 
Price leadership usually produces few, 
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but large and dramatic, price changes in 
the industry over the cycle. After World 
War II, a few leaders, notably Interna¬ 
tional Harvester and General Electric, 
tried lowering prices in an attempt to 
curb inflation, but they were too far 
out of line with market conditions to be 
followed. They subsequently raised their 
prices again. 

Even in normal conditions, however, 
the leader usually leads only in price 
rises. Any competitor can lead real prices 
down, and usually nominal followers take 
the initiative here. 

It is important for the leader to know 
how long the lower price level will last. 
A temporary drop should be met only by 
informal concessions from the official 
price, since frequent changes in an¬ 
nounced prices disnipt the followers’ ad¬ 
justments and weaken the leader’s pres¬ 
tige, Only when market weaknes-^i indi¬ 
cates a fairly long-run shift in conditions 
should the major move of changing 
official prices be made. The price leader 
often merely formalizes what is generally 
recognized as inevitable in the trade, or 
merely forecasts sooner, and more ac¬ 
curately, what later becomes recognized. 
Forecasting is thus a critical part of 
leadership. It determines what attitude 
to take toward a deteriorating market 
and it signals the time for an advance. 
If forecasts of developing cost and de¬ 
mand conditions are accurate and trusted 
by the industry, there are substantial 
gains, but when the leader has a history 
of blunders, followership is weak and the 
leader can only formalize changes that 
are generally recognized as inevitable in 
the trade. 

4.4.3 Underground price competition. 

The discussion of price leadership has 
indicated that the most important de¬ 
vice for short-run sales expansion is 
the secret price concession. The form 
of the concession is not important, so 
long as the buyer understands the real 
offer. It may take the form of high 
tumrin values, down-grading of high- 
quality lines> better payment terms, and 
so forth. Underground price competition 
in the tire industry takes such forms as 
concessions to mail-order houses and fili- 
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ing-station chains, and special prices for 
“test tires” (allegedly slightly tused). 

The industry leader has the problem 
of determining whether and how to re¬ 
duce the level of official prices to meet 
undercover concessions. When are under¬ 
cover concessions significant enough to 
warrant open reduction of prices? Here 
are a few strategic indicators; 

1. When they spread over a wide geo¬ 
graphic area. 

2. When they continue for several 
months. 

3. When first-line competitors indulge 
quite generally in undercover cutting. 

4. When the price-cutter is out to 
broaden the market. If his motive seems 
to be to capture a bigger market share 
by secret concessions, the leader may 
merely meet these informal concessions. 

The main economic function of under¬ 
ground price competition is to give re- 
.silience and stability to an otherwise 
brittle oligopoly situation. Undercover 
price concessions make it possible to 
develop an informal hierarchy of prices 
which allows products of sub-standard 
acceptance a share of the market without 
setting off a price war. 


4.5 COST-PLUS PRICING 

Surveys of actual business practice 

in setting prices have ndicated 
that the most pervasive pricing method 
used is to make a cost estimate and to 
add a margin of some kind for profit— 
what is known as cost-plus pricing. 
Cost-plus pricing is so extensively used 
and at the same time so difficult to recon¬ 
cile with economic theory that it deserves 
special attention. 

4.5.1 Determination of profit mark-up. 

The percentage that is added for profit 
in cost-plus formulas differs strikingly 
among industries, among member firms, 
and even among products of the same 
firm, although it has been suggested that 
10 per cent is a typical figure. Some of 
this variation may be due to differences 
in competitive intensity, some to differ¬ 
ences in. cost base (e.g., the degree to 
which profit has already been included 
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by padding of overhead), and some to 
differences in turnover rate and risk. The 
size of this profit factor, however, often 
reflects habits or custom and some vague 
notion of a “just” profit. 

The size of the mark-up can be deter¬ 
mined rationally only in terms of sales 
forecasts, cost forecasts, and some cri¬ 
terion of an acceptable or goal rate of 
return. But any rate-of-return standard 
is essentially arbitrary—i.e., there are 
no economic guides to rate-standards ex¬ 
cept “all you can get”—^and cost-plus 
pricing is fundamentally a denial of this 
economic doctrine. Within the cost-plus 
framework, perhaps the most sensible 
standard is a recent average return of 
companies that are comparable in prod¬ 
ucts, processes, and risks. Such a stand¬ 
ard provides some measure of the com¬ 
petitive return that is allowable in the 
industry without loss of market shares or 
invasion of markets. 

4.5.2 Inadequacies of cost-plus pric¬ 
ing. The popularity of the cost-plus 
method does not mean that it is the 
best available method. In most situations 
it is not, for several reasons: 

1. It ignores demand. What people will 
pay for a product bears no necessary re¬ 
lation to what it costs any particular 
manufacturer to make it. 

2. It fails to reflect competition ade¬ 
quately, especially the effect upon the 
birth of potential competition. 

3. It overplays the precision of allo¬ 
cated costs—that is, costs that are com¬ 
mon to several products and must be 
distributed among the products by some 
arbitrary rule. 

4. It is based upon a concept of cost 
that is frequently not relevant for the 
pricing decision. For many decisions, in¬ 
cremental costs rather than full costs 
should be controlling, and opportunity 
costs—^i.e., alternative uses of facilities 
—are not reflected in accounting 
systems. 

5. It involves circular reasoning in 
some degree if current full cost is used 
as the base. To the extent that unit costs 
vary with output, and thus with sales 
volume, this cost depends partly on the 
pri. w charged, provided that demand has 
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significant elastioity and fixed overhead 
is important. 

4.5.3 Justification of cost-plus pricing. 

In defense of cost-plus pricing, the fol¬ 
lowing arguments have been marshaled 
for particular situations: 

1. It is a resort of desperation, in the 
absence of the knowledge required for 
more reasonable methods. It is difficult 
to estimate at all precisely the impact 
of price upon sales volume. Ignorance 
of the firm’s demand curve obviously 
makes it impossible to take its influence 
on price into account. The reaction of 
rivals to a given price policy that has 
a pronounced effect upon volume is also 
hard to forecast. The effect of today’s 
price on tomorrow’s demand and upon 
potential competition may also be hard 
to estimate. Faced with the necessity 
of guessing at almost every factor that 
ought to enter into scientific pricing, 
executives often take refuge *in the 
pseudo-certainty of a price built up by 
rather arbitrary mark-ons from a cost 
bench that is “known” but not always 
relevant. 

2. It is the safest though not the most 
profitable method of pricing. In pricing 
a new, made-to-order article, a cost-plus 
formula may set what amounts to a 
refusal price. The seller automatically 
saves himself from tying up facilities 
with work that would yield subnormal 
profits. 

A major uncertainty in setting a price 
is the unknown reaction of rivals to 
that price. When the products and pro¬ 
duction processes of rivals are highly 
similar, cost-plus pricing may offer a 
- source of competitive stability by setting 
a price that is more likely to yield ac¬ 
ceptable profits to most other members 
of the industry. 

Another kind of cost-plus safety pric¬ 
ing is based on some sort of Jeremiah 
criterion. By envisioning the worst prob¬ 
able cyclical demand shift, a price is 
built up that will produce a predeter¬ 
mined profit level under these circum¬ 
stances. An example is pricing to break 
even at 30 per cent capacity. Pricing to 
cover bond interest at x per cent ca¬ 
pacity is another version. 
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3. Most new produds are molded to 
meet a zone of eompcftitive price, and 
much selling effort goes into giving the 
manmum quality in that price range. In 
an extreme form, a selling price is pro* 
determined exactly, and by working back 
from this, product cost, and hence design, 
are arrived at. 

4. Another situation in which cost is an 
unusual limiter of price is in selling to 
a few powerful and knowledgeable buy¬ 
ers. An example is the automobile parts 
industry, where buyers know a great 
deal about suppliers’ costs and are in a 
position to make the product themselves 
if they don’t like the seller’s prices. 


4.6 PBICB DIFFERENTIALS 

There are at least two parts to a 

complete price policy. The first is 
the method for determining the basic 
list price of a product, which has been 
the subject of this article so far. The 
second part, the subject of the rest of 
the article, is the system for determining 
the net price actually charged particular 
customers, that is, the syston for price 
variation related to conditiom of sale: 
(1) the trade status of the buyer, (2) 
the amount of his purchase, (3) the lo¬ 
cation of the purchaser, (4) the prompt¬ 
ness of payment. 

The average net realized price per unit 
obtained by the manufacturer depends 
not only upon the formal structure of 
price differentials for various classes of 
purchases, but also upon the proportion 
of sales made in each class, and the 
departures from formal price structures. 
Consequently, competitors tisually differ 
in net realization per unit, even when 
their formal price structures are quite 
similar. For these reasons, and because 
of differences in formal discount struc¬ 
tures, there is often little relation be¬ 
tween the average recovery to the manu¬ 
facturer per unit and the list prices of 
competitive products. 

4.6.1 Goals of differential prices. 
From the seller's standpoint, the differ¬ 
ential prices that result from the applica¬ 
tion of various discount structures and 
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from productv-Une pricing may serve 
several purposes. It is, therefore, de¬ 
sirable to look first at the company’s 
whole structure of price differentials in 
terms of these purposes, which may be 
grouped as follows: 

1. Implementation of marketing strat¬ 
egy. The patterns of price differwitials 
(product-price differentials and the vari¬ 
ous discount structures) should imple¬ 
ment the company's over-all marketing 
strategy. These price differentials should 
be efficiently geared with other elements 
in the marketing program (e.g., advertis¬ 
ing and distribution channels) to reach 
the sectors of the market selected by 
strategy. In doing so, the job of a 
particular structure of ’discounts may be 
quite specific. For example, an oil com¬ 
pany whose strategy was directed at 
large and few service stations served by 
giant transport trucks would grant large 
quantity discounts for big purchases. 

2. Market segmentation. A major ob¬ 
jective of differential prices is to achieve 
profitable market segmentation when 
legal and competitive considerations per¬ 
mit discrimination. 

The practical problem of putting price 
discrimination to work involves break¬ 
ing the market into sectors that differ 
in price elasticity of demand. To the 
extent that it is feasible to seal off 
such segments of the market, charging 
different prices for different sectors can 
increase the total volume of sales. Price 
discounts of various sorts are a major 
means of achieving market segmentation. 

3. Market expansion. Differentia! pric¬ 
ing that is designed to encourage new 
uses or to woo new customers is a com¬ 
mon goal of product-line pricing, but it 
also extends over various phases of the 
discount structure, depending upon the 
circumstances of a purchase by a new 
user. 

4. Competitive adaptation. Differen¬ 
tial prices are a major device for selective 
adjustment to the competitive environ¬ 
ment. Discounts are often designed to 
match what competitors charge under 
comparable conditions of purchase, in 
terms of net price to each customer class. 
When products are homogeneous, com- 
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petitive parity is a compelling consider¬ 
ation. 

5. Reduction of production costs. Dif¬ 
ferential prices can sometimes help solve 
problems of production. Seasonal or 
other forms of time-period discounts may 
be partly for the purpose of regularizing 
output by changing the timing of sales. 
For example, since electricity cannot be 
stored, classifications of electric rates are 
designed to encourage off-season uses and 
to penalize uses that contribute to peaks. 

The discount structure is the main area 
for adaptation of prices to changed eco¬ 
nomic conditions and competitive status. 
A drop in demand hits the discount 
structure first, and its first impact there 
results in secret shading of quantities 
and classifications. Similarly, a competi¬ 
tor who is at a disadvantage in the 
quality, reputation, or distribution of 
his products uses the informal or formal 
structure of discounts to even up these 
weaknesses. 

4.6.2 Distributor discounts. Distribu¬ 
tor (or trade-channel) discounts are 
deductions from list price that system¬ 
atically make the net price vary ac¬ 
cording to the buyers’ position in the 
chain of distribution. These differential 
prices distinguish among customers on 
the basis of their marketing functions 
(e.g., wholesaler vs. retailer), and are 
thus also called “functional discounts.” 
Special prices given to manufacturers 
who incorporate the product in their own 
original equipment (e.g., tires and spark 
plugs sold to automobile manufacturers), 
special prices to other members of the 
same industry (e.g., gasoline “exchanges” 
among petroleum companies), and spe¬ 
cial prices to the Federal Government, 
to state governments, and to universities, 
are examples of common forms of dis¬ 
counts that are close enough to trade- 
chaimel discounts to be grouped with 
them. Table 2.3 shows severaJ typical 
trade-discount structures. 

The economic function of distributor 
discounts is to induce independent dis¬ 
tributors to perform marketing services. 
To build a discount structure on a sound 
economic basis, it is necessary to know: 
(1) the objectives of the discount struc¬ 


ture, (2) distributors’ operating costs, 

(3) discount structures of competitors, 

(4) opportunities for market segmenta¬ 
tion. 

Objectives. To find out exactly what 
services the manufacturer wants from 
each type of distributor requires a broad, 
carefully thought-out distribution - plan 
that fits the product, the competitive 
position of the seller, and the folkways 
of the industry. The primary considera¬ 
tion in working out such a plan is the 
allocation of marketing functions be¬ 
tween the manufacturer and the dis¬ 
tributing chain and among the links in 
that chain. The problem is to find which 
functionary can do each specific job 
most economically and effectively. For 
example, a large electrical manufacturer 
selling refrigerators through distributors 
and dealers decided that in one of its 
major markets the function of the retail 
dealer should be confined to displaying 
six basic models, taking orders for .them, 
and. arranging the terras of the indi¬ 
vidual transactions. In the plan that this 
manufacturer worked out, the whole¬ 
saler, in addition to his traditional func¬ 
tion of selecting the dealers and helping 
them do a better selling job, receives the 
merchandise, inspects it, delivers it to 
the customer’s premises, installs it, and 
takes complete charge of all subsequent 
mechanical service. 

Distributors' operating costs. The most 
important function of trade-channel dis¬ 
counts is to cover the operating costs 
and normal profits of distributors. Dis¬ 
counts should be closely aligned to these 
costs if distributors are to play the part 
planned for them. Margins that are too 
rich produce excess selling effort or too 
many distributors, while margins that 
don’t cover costs will not move the 
goods. 

Should trade discounts be determined 
by the costs of the inefficient distributor 
or by the costs of the efficient distribu¬ 
tor? One solution to this problem is to 
set trade discounts to cover the esti¬ 
mated operating costs (plus normal 
profits) of the most efficient two-thirds 
of the dealers. When cost estimates are 
uncertain, a practical test of exce^ve 
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TABLE 2.3 TRi^MS-CHANNEL DISCOUNTS IN VABIOX7S INDUSTBIE8* 

Channel Diacounte 
(from list price) 



Manufacturer's 




Type of business 

agent 

Distributors 

Wholesalers 

Dealers 

Air Conditioning 
Automotive Acces- 

50& 10% 


50% 

40% 

sories 

50 & 10% 


50% 

40% 

Electrical Appli- 





ances 


40 & 20% 


36 or 40% 

Farm Equipment 



25% 

30% 

Heating Controls 

40 & 10 A 10% 


40 & 10% indiv. 

25 A 5% indiv. 


indiv. units; 50 


units; 50% pack- 

units; 33J^% 


& 10% package 
units 


age units 

package units 

Machinery 

5% 



30% stocking 
10% non-stock¬ 
ing 

Motorcycles 


30% motor- 


26% motorcycles 



cycles; 

50% parts 


45% parts 

Musical Instru- 





mente—Percus- 





sive 



50 & 10% 

50% 

Office Supplies 

10% commission 


. 50*20% 

50% 

Radios 

2 & 10% com- 


60%, 60 & 5%, 

40%; on certain 


mission 


60 & 10%, 50 & 
10% (varies with 
line & quality] 

1 line 33H% 

1 

Scales 

50& 10% 


50% 

40% 

Industrial Divi- 




1 

sion 

50% 




Stoves and Heaters 



'SSH & 25% or 

33)^% deluxe 


1 


40 & 25% if 
bought in car¬ 
load lots 

models 40% 

1 

Toys 

5% 


50 & 5% 

40% 

Water Coolers 


1 

40 A 5% max. 

30 A 5% max. 


* Tmde Discount Prscticas, Report No. £58, The Dartnell Corp., Chicago. Reproduced in Dean, Sfanmgmiai 
Betmomtet, p. 520. 


margins is the extent to which rehandlers 
pass margins on by knocking down re¬ 
alized prices. 

Another check on distributors' costs 
is an estimate of the manufacturer’s cost 
of performing the distributive function 
himself. Many companies periodically 
consider doing more of the marketing 
job themselves (e.g., bypassing the 
wholesaler), and such estimates are fre¬ 
quently available as by-products of these 
trade-channel policy studies. Moreover, 
some companies operate through differ- 
^t channels in different sections of the 


country, aqd thus have some cost ex¬ 
perience in performing distributive func¬ 
tions. 

Competitors' discount structures. In a 

sense, dealer discounts are a means of 
purchasing the dealer’s sales assistance 
in a competitive market. In many in¬ 
dustries the actual (as opposed to the 
nominal) discounts granted by rival 
sellers vary. The manufacturer must de¬ 
cide whether he is to be guided by the 
higher or by the lower discounts. Specifi¬ 
cally, a manufacturer whose produet is 
at some disadvantage in consumer ao- 
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deptance may consider making an at¬ 
tempt to buy distribution by granting 
larger margins than do competitors. The 
success of such an effort usually depends 
on whether the margin incentive will 
actually induce the distributor to push 
the product; and whether competitors 
are likely to meet the wider margins. 

The competition from substitute dis¬ 
tribution channels should also be studied. 
Costs of alternative routes may place the 
selected channel at a disadvantage in 
terms of the ultimate price to the con¬ 
sumer for a comparable product-service 
combination. This factor may set ceilings 
on channel discounts for a chosen dis¬ 
tribution route. Cheap substitute chan¬ 
nels have been a salutory stimulant for 
the seller to seek more effective channels. 

Opportunities for market segmenta¬ 
tion. Trade-channel discounts can be one 
means of achieving profitable market 
segmentation. 

In some industries, the market is 
broken down into several fairly distinct 
sub-markets, each of which has its own 
peculiar competitive and demand char¬ 
acteristics. These sub-markets provide a 
ready-made opportunity for market seg¬ 
mentation, In the tire market, for exam¬ 
ple, the following sub-markets may be 
distinguished: 

1. The original-equipment market, 
characterized by skill and bargaining 
strength of buyers and by big cyclical 
fluctuations in demand. 

2. The individual-consinner replace¬ 
ment market, characterized by unskilled 
buying, brand preferences, and cyclical 
stability. 

a. The manufacturer’s brand seg¬ 
ment. 

b. The distributors’ brand segment. 

3. The commercial-operator replace¬ 
ment market, characterized by large buy¬ 
ers who are price-wise and quality-wise 
(e,g., bus companies). 

4. The government-sales market, char¬ 
acterized by large orders, formal bids, 
and publication of successful bidder’s 
price. 

5. The export market, characterized 
by international competition. 

Price discrimination among individual 


consumers in the retail market is a com¬ 
mon form of market segmentation. The 
manufacturer’s pricing problem here is 
whether to keep the initial margins high 
enough to permit dealers to make indi¬ 
vidual concessions to customers. Realized 
margins that are substantially lower than 
official margins do not necessarily mean 
that the official margins should be re¬ 
duced. This disparity may be justified 
in industries where competition at the 
dealer level is strong and where oppor¬ 
tunities for personal differentiation are 
important. A dealer can then get the full 
price from some customers who are 
averse to shopping and bargaining and 
can give substantially lower prices, with 
the flavor of a bargain, to more careful 
shoppers. This kind of individual pricing 
can yield a higher dealer profit than can 
uniform pricing. A conspicuous example 
of such pricing is found in the operation 
of automobile dealers under normal com¬ 
petitive conditions. It is normally appro¬ 
priate to permit the dealer considerable 
latitude when the unit cost of the article 
is high, when trade-ins and service con¬ 
cessions provide a convenient mechanism 
for veiled price reductions, and when the 
customer is not tied tightly to the dealer 
by strings of continuity of service or py 
customer relations, 

4.6.3 Quantity discounts. Quantity dis¬ 
counts are reductions in the net price 
that are systematically related to the 
amount purchased. Our analysis is con¬ 
fined to commercial discounts. It does not 
include package-size differentials at the 
consumer level. Illustrations of com¬ 
mercial quantity-discount structures are 
found in Fig. 2.7. 

The essential problem for management 
in quantity discounts is to decide how 
big they shall be. What merchandising 
job do we want quantity discounts to do? 
One important job of quantity discounts 
is to reduce both the number of and the 
losses from small orders. It is common 
for a firm to find that 80 per cent of its 
orders account for only 20 per cent of 
its sales, and the cost of making these 
sales frequently causes an actual out-of- 
pocket drain of cash. Quantity discounts 
can help correct the rize-distribution of 
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Dean, Managerial Economics, p. 530, 
FIG. 2.7 QUANTITY DISCOUNT STRUCTURES. 

orders in three ways: (1) They may eral Trade Commission, and any struc- 

stimulate a given set of customers to ture being considered must be scrutinized 

order the same amount of business in closely for its legality. While this is ». 

bigger lots. (2) They may induce the technical .subject much beyond the scope 

same customers to give the seller a larger of a handbook, it can be noted that legal- 

share of their total business in order to ity hinges largely on proved cost savings 

ge' savings of quantity buying. (3) They resulting from large orders, and that, by 

may turn away small accounts and at- and large, cost savings are provable only 

tract bigger accounts, thus altering the in the selling and distribution expenses of 

size-distribution of the customers them- filling the order. 

selves. 4.6.4 Cash discounts. Ca.sh discounts 

To manipulate the size distribution are reductions in the price which depend 

of orders, the discount system must be upon promptness of payment. Probably 

framed in reference to competition. The the most typical cash discount terms are 

seller must decide, by over-all market 2 per cent off if paid in 10 days, full 

strategy, which comi)etitors he wants to invoice price due in 30 days. The cash 

better in what sectors of the market. The discount is a convenient way to identify 

important factor competitively is the ac- bad credit risks. In some of the garment 

tual net prices charged to strategic cus- trades, where mortality is notoriously 

tomer classes, not the formal quantity- high, the cash discount is as high as 8 

price structure per se. In some situations per cent, which makes the full wait 

there is no room for such pin-pointing of extremely expensive competitively. The 

market targets, since discount structures higher price to the credit buyer thus 

of the industry are uniform, and devia- reflects his weak bargaining position, 

tions will be met by retaliation in some Unfortunately, there is no real infor- 
form. But frequently there are differences mation on the effects of cash discounts 

in the net quantity prices offered by vari- on bad-debt losses and on speed of collec- 

ous competitors to a given category of tion. Immediately following World War 

trade. TTie quantity-discount structure II, many companies drastically reduced 

can then be integrated with the com- or eliminated cash discounts, 

pany’s selling strategy and assigned a 4.6.5 Geographical price differentials, 
designated part of the total distribution Geographical discount structures are im- 
job. portant when transportation costs are 

Legality. Quantity discounts have been high relative to selling price. They take 
a question of much litigation oy the Fed- a variety of forms, and the best one to 
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use depends on the location of markets 
and competitors, and on industry prac¬ 
tice. All systems except F.O.B. mill pric¬ 
ing are under a legal cloud, since they are 
practical means for covert collusion. But 
some form of delivered prices may be 
essential for reaching a nationwide 
market under some industry conditions. 


5. CAPITAL BUDGETING 

This article is concerned with the 

economics of capital budgeting— 
that is, with the kind of thinking that 
is necessary to design and carry through 
a systematic program for investing stock¬ 
holders’ money. Planning and control of 
capital expenditures are the basic execu¬ 
tive functions, since management is origi¬ 
nally hired to take control of stockhold¬ 
ers’ funds and to maximize their earning 
power. (See also Section 16.) 

Although capital budgeting is concep- 
tuallj' at least the universal business 
problem that encompasses all others, few 
executives are happy with their own solu¬ 
tions to it. Capital-budget reviews take 
too much time, and without systematic 
rejection and acceptance criteria the piv- 
otol decision on the size of the total ex¬ 
penditure that should be authorized in a 
given year has no solid foundation. Allo¬ 
cation of funds among projects, more¬ 
over, is often determined by skill and 
persistence of persuasion rather than by 
objective indexes of company welfare. 


5.1 MEANING OF CAPITAL EXPENDI- 
TUBE 

A capital expenditure should be 
defin^ in terms of economic be¬ 
havior, rather than in terms of account¬ 
ing conventions or tax law. The criterion, 
then, is the flexibility of the commitment 
involved—that is, the rate of turnover 
into cash. For instance, inventories and 
receivables, although assets on the bal¬ 
ance sheet, turn over fast enough to make 
their level fairly adjustable to short-run 
changes in outlook. They are, therefore, 
excluded from the capital budget. Major 


replacements or additions to plant ca¬ 
pacity, on the other hand, take several 
years to return their cash outlay. Their 
value to the company during this period 
is usually much above the amount they 
could be sold for—that is, they tie up 
capital inflexibly for long periods. They 
involve more uncertainty, forecasting 
judgment, and company-wide thinking 
than an inventory investment does, and 
justify a special procedure for manage¬ 
ment review. The same is largely true for 
major research on new products and 
methods, and for advertising that has 
cumulative effects. It applies as well to 
costs of educating executives and devel¬ 
oping dependable distribution connec¬ 
tions. 

This definition of outlays that are 
budgeted as capital expenditures does not 
correspond well to the accounting distinc¬ 
tion between capitalized and expensed 
outlays. Although it includes most items 
capitalized by accountants, it also in¬ 
cludes some important expenditures that 
are usually expensed by accountants, 
such as long-term advertising, training, 
and research. The disparity hinges 
largely on the tangibility of an asset 
rather than on its economic nature, and 
contrasts the need for controls and con¬ 
ventions in accoimting with the econo¬ 
mist’s need for relevant and inclusive 
concepts. 

S.2*natube of budgeting pboblem 

The capital-budgeting problem 

consists broadly of three questions: 
(1) How much money will be needed for 
expenditures in the coming period? (2) 
How much money will be available? (3) 
How should the available money be doled 
out to candidate projects? The first ques¬ 
tion is that of demand for capital, and 
since the objective of capital expen(fitures 
is to make profits, “need” should be 
measured by prospective profitability. 
Thus this problem involves a survey of 
opportunities for profitable internal in¬ 
vestment and implies some system of 
screening requests on the basis of pro¬ 
spective profitability. 
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Hie s«:(md questionr eoacerns capital 
supply. This problem has two parts: (a) 
How much can be raised intemally from 
depreciation plus retained earnings? (b) 
How much be obtained by outside 
financing? 

The third question, how to ration 
fimds, is the crux of the budgeting prob¬ 
lem, the point where it becomes evident 
how much should be spent in total and 
where. 


5.3 DEMAND FOB CAPITAL 

The usual starting point of a capi¬ 
tal-expenditure budget is a survey 
of the company’s anticipated needs for 
capital. This inventory of internal invest¬ 
ment opportunities is usually built up 
from the smallest operating units of the 
organization, often as an integral part 
of annual budgets or general develop¬ 
ment plans for a longer period. The cata¬ 
logue of capital “needs," expressed in 
terms of specific individual assets, moves 
up the management hierarchy for super¬ 
visory review and for aggregation into 
larger managerial units. 

The discovery and development of 
good investment proposals usually re¬ 
quire effort. Hence encouragement of an 
imaginative search for such opportuni¬ 
ties is an important part of the program. 
The activities of the research department 
and the industrial engineering group in 
reducing costs and improving products 
generally produce opportunities for prof¬ 
itable investment. Good projects also re¬ 
sult from research and competition in the 
equipment industries whose business it 
is to promote their own sales by creating 
obsolescence. 

TABLE 2.4 DEMAND SCHEDULE FC 


Surveys of explidt cafntal require¬ 
ments are generally confin^ to one year, 
or at most two years, ahead. The capital 
projects themselv^ are hard to visualize 
in the distant future, since they depend 
upon imbom technical advances and 
long-range development of demand for 
the company’s product. And even when 
projects are foreseeable, their prospiective 
earnings are highly uncertain, for they 
too depend upon unknown technical 
advances, market developments, and 
changes in relative prices. 

5.3.1 Nature of demand for capital. 
Surveys of capital requirements are often 
phrased in terms of “need.” How much 
new capital will a given plant or market¬ 
ing district "need” to do a good job dur¬ 
ing the planning period? But “need” is a 
meaningless concept for economic analy¬ 
sis, since it contains no objective meas¬ 
urement of intensity. “Demand” for capi¬ 
tal, in contrast, measures the intensity of 
need for capital by its earnings. Under 
most circumstances, the underlying 
source of demand for capital expendi¬ 
tures is, or should be, prospective profita¬ 
bility. 

To develop an empirical approxima¬ 
tion to the company’s demand schedule 
for capital for internal investment during 
a specified time period, it is necessary: 
(1) to marshal all individual “needs” for 
capital expenditures that can be dis¬ 
covered and foreseen throughout the 
company; (2) to estimate for each pro¬ 
posal its prospective productivity in the 
form of rate of return on the added in¬ 
vestment; (3) to array projects in a 
ladder of rate of return (as illustrated 
by Table 2.4); and (4) to cumulate this 
ladder in the form of a schedule showing 
the amount of money that can be in- 

CAPITAL* 


(a) (b) (c) 

Proapeelive rate of retia-n Volume of proposed investments Cumviaiive demand 


Over 100% 

2 

2 

50-100% 

38 

40 

25- 50% 

200 

240 

15- 25% 

1200 

1440 

5- 15% 

3400 

4840 


* From Dean, Managerial Economic*, p. SCO. 




SJJ] 


MANA^MHAl i^WOMlOt 


fS 



Dean, Managenal Economic*, p, 561. 


FIG. 2.8 DEMAND FOR CAPITAL. 


vested to equal or better each of a series 
of.rates of return. Figure 2.8 diagrams 
the resulting capital-demand schedule. In 
drawing such a schedule, the time span 
must be specified; for simplicity we shall 
assume the common one-year capital 
planning period. (See 41so Section 16.) 

5.3.2 Principles of measuring capital 
earnings. The crucial estimate in analyz¬ 
ing demand for capital is the productiv¬ 
ity (i.e., rate of return) of each proposed 
capital expenditure. Since capital produc¬ 
tivity is the key factor in sound budget¬ 
ing of internal investments, the care and 
precision with which it is estimated are 
likely to make the difference between 
good investment decisions and bad ones. 
Some important general principles for 
estimating capital productivity are sum¬ 
marized here. 

1. Recognition of the source of produc¬ 
tivity of capital is essential to correct 
estimation of capital earnings. The source 
of earnings depends upon the nature of 
the investment. The most important di¬ 
rect sources are cost savings and sales 
expansion. Cost savings are the source 
for investments m replacement and mod¬ 
ernization m equipment. Added sales 
volume (or more profitable volume) is 


the source for investments that involve 
new products or expansion of capacity to 
produce old ones. Earnings of many proj¬ 
ects have more than one source, 

2. Earnings must be estimated on an 
individual project basis. It is the prospec¬ 
tive profitability of individual units of 
added capital investment that is the key 
to their appraisal in allocating capital 
funds. Return on old, sunk investments 
has only historical interest and no rele¬ 
vance to decisions on new investments. 
And average return on old and new 
investments is badly misleading. 

3. It is future profit on additional in¬ 
vestment that is relevant. Thus, profit 
projections must be based on estimates 
of‘future prices, future costs, and so 
forth. The record of the past is useful 
only as a guide to estimates of the future. 

4. Capital productivity estimates usu¬ 
ally should involve comparison of future 
costs and profits with the appropriate 
alternative. An analysis of what will hap¬ 
pen if no investment is made will reveal 
the proper alternative, i.e., the least-cost 
method without added capital. 

5. Capital productivity should be 
measured by earnings over the whole life 
of the asset, even though in practice the 
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view of tlie dhtai^f future is often 
browned out. Estimated of economic fife 
are always inexact, but they are essential 
for measuring capital 'wastage costs. Pay¬ 
out period—^i.e,, the number of years 
required for gross earnings (or cash sav- 
ingff) to pay back the capita! investment 
—is a misleading measure of capital pro¬ 
ductivity. It is relevant solely for cash 
budgeting, and then only when confined 
to cash earnings (or savings). 

6. Estimates of earnings (whether 
from cost savings or from added profits) 
should take account of the indirect effects 
of the proposed capital outlay upon the 
operation of existing facilities. Total com¬ 
pany revenues and costs with the pro¬ 
posed investment should be compared 
with what they will be without it. Typi¬ 
cally, estimates of these indirect earnings 
involve a high order of judgment and 
have rvide error margins. 

7. Estimate.^; of the productivity of 
capital expenditures will differ in inher¬ 
ent riskiness and in the width of error 
margins. Some systematic method for 
allowing for these differences in risk and 
for comparing investment proposals is 
desirable. 

8. For some kinds of investments it is 
impractical to ^timate a rate of return. 
The benefits are so diffused and conjec¬ 
tural (e.g., research laboratories and em¬ 
ployee club houses) that they defy quan¬ 
tification. Earnings of others are so high 
and BO apparent (e.g., replacing a 
washed-out railroad bridge) that esti¬ 
mating a return is an academic exercise. 
Earnings on other projects are patently 
too low to warrant return estimates. Cap¬ 
ital productivity should be measured 
only when there is a factual foundation 
for estimates and for projects of border¬ 
line productivity. 


5.4 SUPPLY OF CAPITAL 

Supply of capital is the problem of 
where the money will come from 
and how much will be available. 

A useful distinction can be made be¬ 
tween internal and external sources of 
capital funds. The chief internal sources 


are: (1) depreoiatian charge and (2) 
retained ^mings. External sources are 
principally sale of securities to insurance 
companies and to the public. In the in¬ 
ternal disposition of these funds no dis¬ 
tinction should be made on the basis of 
sources of funds. In particular, the in¬ 
ternal investment process should deal 
with gross rather than with net business 
savings—that is, with income before de¬ 
preciation allowances. This gives a desir¬ 
able fluidity of the internal investment 
process, where old, dying products can 
subsidize new ones by contributing funds 
that are not “earned” according to a 
“net” income concept. The barrier that 
depreciation charges set up against capi¬ 
tal leakage from the firm may do more 
harm than good if it blocks flow of capi¬ 
tal inside the firm. That is, the practice 
of allowing each of a company’s divisions 
or plants to reinvest its own depreciation 
charges without central-office review car¬ 
ries division autonomy too far and under¬ 
mines a major advantage of multiple- 
product firms. Cash earnings,-rather than 
net earnings, should be pooled in a cen¬ 
trally administered supply of capital. 

5.4.1 Internal sources. The principal 
managerial problems in connection with 
internal sources are (1) to forecast how 
much cash will be generated internally, 
(2) to decide how much cash to pay out 
in dividends,, and (3) to decide how much 
of the remainder may be tied up in long¬ 
term projects. 

In some companies, capital expendi¬ 
tures are confined completely to the 
amount that can be obtained internally. 
This may be a matter of choice or a mat¬ 
ter of necessity because of the condition 
of the capital markets or the inv^tment 
status of the firm. 

Consequently, the projection of the 
amount that can be expected from 
accumulated depreciation and retained 
earnings is usually the most important 
part of capital-expenditure budgeting. 
Some companies make elaborate five-year 
forecasts of the cosh that'will be gener¬ 
ated and of its disposition for dividends 
and for liquid reserves. More commonly, 
such estimates are confined to a one-year 
or twQ-year period. Such projections are 
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not onJy a matter of forecasting the level 
of sales prices and costs; tl»y also in¬ 
volve management decisions on the ade¬ 
quacy of depreciation charges, the level 
of dividends, and the necessary degree of 
liquidity. 

Plow-back guides. The importance of 
retained earnings as a source of capital 
funds makes plow-back policy an integral 
part of a firm’s capital-expenditure budg¬ 
eting. How should a company decide how 
much of its earnings to plow back and 
how much to pay out? 

One guide to plow-back policy is that 
outlined by the capital rationing theory 
set forth below. If a company follows this 
plan faithfully, it retains earnings (up 
to the limit of stockholder rebellion) so 
long as they can be invested at a return 
higher than the firm’s cost of capital 
(e.g., 15 per cent). It pays out earnings 
that cannot be invested internally at 
rates higher than this cost of-capital rate. 

Another guide is suggested by the 
theory that dividends in the modern cor¬ 
poration are really interest income. If 
plow-back policy is determined by this 
theorj', then retained earnings is a highly 
volatile residual left after paying stable 
dividends out of fluctuating earnings. 

A third rule for plow-back policy is 
that a certain percentage of earnings 
should be held back for contingencies and 
for growth. This is a long-run view of an 
average minimum amount of plow-back 
that would rate a prior claim on earnings 
over an integral business cycle. 

The effects of plow-back policy upon 
the market price of the company’s stock, 
and thus upon the firm’s cost of capital, 
must be considered. There is evidence 
to support the hypothesis that plowing 
back (as oppo%d to paying out) earnings 
depresses the price of a stock and thus 
raises cost of capital. There is probably 
an optimum ratio of retained earnings to 
dividends, since at least some dividend is 
needed for stockholder peace, while pay¬ 
ing all earnings out in dividends connotes 
impoverished opportunities for internal 
investment, no plans for growth, and 
inadequate contingency reserves. 

5.4.2 Externoi sources. Historically, 
the capital markets have not been as 


large a source of investment funds as 
have earnings and depreciation Charges, 
but apparently they are not losing their 
importance. During the ’thirties, w'hen 
demand for capital was extremely low, 
new capital issues dropped to 18 per cent 
of their level during the 'twenties. In 
the four-year period 1946-1949, net new 
corporate issues were about one-third the 
size of retained earnings and deprecia¬ 
tion. 

Role of cost of capital. When a com¬ 
pany considers using outside sources to 
finance investment, m basic factor is the 
cost of capital, which for common stock 
is the ratio of prospective earnings per 
share to the selling price for new shares. 
By comparing the company’s cost of cap¬ 
ital with the prospective profits of new 
investments, we can measure the gain to 
present common shares to be derived 
from going after outside funds. Theoreti¬ 
cally, there is no point in going outside 
unless present equity stands to gain. If 
a project promising a 25 per cent return 
is financed by sale of new shares to inves¬ 
tors asking a 20 per cent return, the num¬ 
ber of outstanding shares will be in¬ 
creased less percentage-wise than total 
earnings, and per-share earnings on exist¬ 
ing shares will increase. But if the return 
appears to be 15 per cent, the number of 
shares increases more than total earnings, 
and per-share earnings fall. 

In practice, there are strong qualifica¬ 
tions to be considered in using this yard¬ 
stick, but cost of capital is nevertheless 
an important guide to capital budgeting, 
and its level should be known. The prob¬ 
lems of measuring it are discussed in 
financial textbooks. 


5.5 CAPITAL RATIONING 

We are now ready to put demand 
and supply together as an economic 
basis for appraising individual capital 
expenditure proposals in what may be 
called capital rationing, the third step 
in capital budgeting. 

5.5.1 Rejection rotes. Practical ration¬ 
ing requires not only a ranking of proj¬ 
ects according to a ladder of profitability. 
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but also a rejection mte-of-return stand¬ 
ard to separate projects that are not suf¬ 
ficiently profitable to merit funds from 
those that are. Theoretically, this cut-off 
rate of return is automatically deter¬ 
mined by the intersection of the demand 
and supply schedules for capital. In prac¬ 
tice, however, cut-off rates must be de¬ 
termined by management from the frail 
information available. 

The rejection rate has three uses in 
administrative control of capital budget¬ 
ing. The first is to provide a tentative 
forecast of return expectancies for a next- 
year budgeting program. In this form, 
the rejection rate embodies a rough fore¬ 
cast of the demand schedule, and a pro¬ 
jected internal supply schedule. Rough 
as it is, the resulting rejection rate pro¬ 
vides some basis for immediate decisions 
on dividends, financing, and minor capi¬ 
tal projects. 

liie second use of the rejection rate 
is to weed out projects that have too low 
a profitability to justify further attention 
at either divisional or top-management 
levels. It is thus a tool for economizing 
executive time. 

The third use is to implement a long- 
run capital-budgeting plan that seeks to 
avoid making marginal investments of 
low productivity in times of slack invest¬ 
ment demand. In this form, the rejection 
rate requires, however, a projection for 
an integral business cycle of both the 
total demand curve and the total internal 
supply curve. 

Four forms of rejection rate of return 
can be distinguished: (1) A fluctuating 
effective rate of return that may move up 
and down with phases of the business 
cycle or with cash conditions, and that 
will determine the cut-off point for nor¬ 
mal projects in any one year. (2) A basic 
minimum rate of earnings that sets a 
normal floor for any projects in any 
phase of the business cycle. (3) A stable 
long-run rate that is frozen as the cut-off 
rate for all phases of the business cycle. 
(4) Exception rates of return that differ 
for different kinds of inv^tment to ac¬ 
commodate disparities in risks and the 
needs of grand strategy. 

The effective rate and the minimum 


rate can be used as a team for short-term 
budgeting. The long-term rate is an al¬ 
ternative to this team; it is a different 
system used for coping with cyclical 
fluctuations. Exception rates can be used 
in connection with either of these two 
types of rationing schemes, since such 
rates may take the form of handicapping 
differentials. 

5.5.2 Fluctuating effective rate. In us¬ 
ing the effective cut-off rate, two situa¬ 
tions must be distinguished: (1) the 
autonomous firm that is determined to 
limit itself to internally generated funds 
only; and (2) the company that is will¬ 
ing to go outside for additional capital 
funds, either occasionally or regularly. 
The distinction in the budgeting problem 
in these two cases stems from the shape 
and behavior of the supply curves. 

Autonomous capital budgeting. The 
top panel of Fig. 2.9 diagrams the situ¬ 
ation for the company that is limited to 
plow-back earnings for its supply of capi¬ 
tal. Th§, demand schedule Di portrays 
for each prospective rate of return the 
amount of money that the firm can invest 
internally for earnings of at least that 
rate. At the point where the curve meets 
the supply, this firm can invest 
$10,000,000 at a rate of return of 20 per 
cent or better during the planning period. 

The curve Dg is the demand function 
in conditions when “needs” for capital 
expenditures are extremely pressing and 
profitable, such as in the period immedi¬ 
ately following World War II. 

The supply curve in this case is the 
vertical line, Sj"*. Drawing it as a verti¬ 
cal line emphasizes that, as a practical 
matter, many companies’ internal supply 
of funds seems to be unrelated to pro¬ 
spective profitability of investments. 

Although this theory portrays a com¬ 
pany that under no circumstances is will¬ 
ing to use outside money, in practice a 
cut-off rate that goes much above the 
costs of capital will act powerfully to 
imdercut this policy and induce the com¬ 
pany to engage in some temporary bor¬ 
rowing. How high this rate needs to be 
to send the company to the banks is a 
matter of surmise, but it is hard for a 
company with a 10 per cent cost of capi- 
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MILLIONS OF DOLLARS 

Dean, Manaaertal Efimontics, p. 590 . 

FIG. 2.9 THEORY OF CAPITAL RATIONING: FLUCTU¬ 
ATING EFFECTIVE RATE. 

tal to reject a 50 per cent rate of return than the cost of capital call for an in- 

that must be externally financed. creased dividend pay-out rather than for 

External financing. The lower panel of the use of funds for submarginal expendi- 

Fig. 2,9 illustrates the determination of tures. As the demand curve shifts to the 

the cut-off rate for a company that is right, the cut-off rate will remain sub- 

wilhng to use outside money. In contrast stantially horizontal to much higher 

to the autonomous supply case, the sup- levels of expenditure than most com¬ 
ply function extends to the right from panics have been willing to venture, 

the limit of retainable earnings to the A company’s cost of capital should, 
point where the market balks at further according to this theory, call the signals 
lending. that regulate supply of funds. When the 

Depression shifts of the demand curve least profitable investment that can be 
to the left that give at cut-off rate less made from cash generated internally is 
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below opportunity cost of capital, gener¬ 
ous dividends are signaled. Thus cost of 
capital signals when dividends should 
restrict internal supply and when and 
how much recourse should be had to 
external supply. 

5.5.3 Basic minimum rate. An impor¬ 
tant adjunct to the fluctuating effective 
cut-off rate is a basic minimum rate be¬ 
low which the effective rate shall not go, 
no matter how much internal supply 
exceeds demand for capital. Its purpose 
is to keep the company from making 
investments that cannot earn enough to 
pay their cost of capital. Hence this mini¬ 
mum rate should be set by anticipating 
future cost of capital. 

The company’s long-term average rate 
of earnings on past investment is some¬ 
times set as the basic minimum. This 
minimum is justified as follows: It repre¬ 
sents an earnings rate with which stock¬ 
holders have been satisfied in the past; it 
is functionally effective in an economic 
sense, since it seems to compensate for 
the risks of the enterprise and to have 
attracted capital needed for growth. 

Sometimes a company goal rate be¬ 
comes the ininirnum standard. Some com¬ 
panies have a clear-cut notion of an ade¬ 
quate rate of earnings for the company 
as a whole. This rate is determined in 
part by the opportunity to make more 
than this, and by strategic limitations 
imposed by considerations of public, 
political, and labor relations. 

5.5.4 The long-run cut-off rate. The 
third major kind of rejection rate is the 
long-run rate that cuts across the cyclical 
swings in earnings prospects and is based 
on tentative guesses of demand and sup¬ 
ply of funds in a five- or ten-year budget. 
The purpose of this kind of cut-off rate 
is to avoid having to pass up high-profit 
projects in times of high demand because 
funds were squandered on low-return in¬ 
vestments in times of low demand. The 
long-run rate is different from the basic 
minimum rate both in purpose and in 
level. The basic minimum serves largely 
as insurance against major boners in 
investment, whereas the long-run rate 
tries to put the next ten years’ invest¬ 
ment opportunities on a single demand 
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curve to compete for the ten-year supply 
of funds. 

The long-run cut-off rate is useful pri¬ 
marily for decisions on relatively small 
projects in the immediate future. The 
rate is established at a top-management 
level on the basis of quantitative guesses 
about the major demands for capital 
foreseeable over the next ten years. It 
is then passed down the line to middle 
management as a handy reference point 
for putting their own immediate projects 
into the long-run framework. The long- 
run rate is thus a time-saving device for 
tying the minor parts into an integrated 
scheme. 

5.5.5 Exception rates. The fourth kind 
of rejection rale is the special rate that 
includes a handicap allowance to give 
strategic investments a head start in the 
race for capital funds. For example, pe¬ 
troleum companies commonly have a 
concept of “balanced” investment in pro¬ 
duction, refining, transportation, and 
marketing capacities, that overrides prof¬ 
itability criteria on individual projects. A 
goal of eventually achieving production 
of 75 per cent of the crude that is mar¬ 
keted may be achieved by assigning well¬ 
drilling investments lower cut-off rates 
than service stations. Similarly, terri¬ 
tories where coverage is inadequate or 
where earnings are below standard may 
get handicap rates. 

Actually, of course, an exception rate is 
a confession of ignorance—the intangible 
benefits of such strategic investments are 
unmeasurable in dollars. The handicap 
allowance is a guess at the inadequacy of 
the profit estimate, and, being a guess, 
has little rational foundation. 

5.5.6 Alternatives to rate-of-return 
rationing. The approach to capital ra¬ 
tioning sketched in this section is valid 
in principle, though limited in applicabil¬ 
ity. Other methods of capital budgeting 
can be appraised against this standard of 
reference. 

A common method, which is the antith¬ 
esis of a rate-of-return system, is to let 
the determination of the total amount of 
capital expenditure and its allocation 
among projects be governed solely by the 
judgment of top executives who “con- 
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aider each project on its merits” and 
tailor the total as best they can to the 
company's purse. This intuitive ap¬ 
proach, when applied in large companies, 
burdens top management with a multi¬ 
tude of decisions that must be made 
without objective criteria. Hence the ap¬ 
praisal of an investment proposal is influ¬ 
enced by top management's appraisal of 
the executive who proposes it, and by his 
persuasiveness and persistence in pre¬ 
senting it. 

Another method widely used in indus¬ 
try is to size up individual investment 
proposals against an ideal of company 
balance and growth goals. For example, 
in the petroleum industry, a company 
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might seek, as a long-run obiective, a 
60 per cent growth in a decade, and the 
attainment at the end of ten years of 
crude-oil production and refining facili¬ 
ties that equal its marketing demand. 
Such a goal may i)rovide a criterion for 
approving and rejecting investment pro¬ 
posals, but the effects of this kind of 
plan upon the company’s long-run rate of 
return are difficult to determine, because 
this approach views the company as a 
monolithic strategic investment. “Bal¬ 
ance” usually means some form of verti¬ 
cal integration, and vertical integration 
has not proved universally profitable in 
all industries, nor is it sure to reduce the 
hazards of the enterprise. 



PdUl T. Norton, Jr. jg ^ native of New Jersey, but 
moved to Philadelphia when twelve years old. After 
graduating from liigh school, he worked in various 
engineering jobs connected with the coal mining indus¬ 
try before deciding to seek an engineering degree. He 
received his engineering education at the University of 
Wisconsin, where he earned the Bachelor of Science 
degree in Electrical Engineering and the degree of Civil 
Engineer. Coincidentally, he and Eugene L. Grant, 
co-editor of this Handbook, were roommates at Wis¬ 
consin. 

Upon graduation from the University of Wisconsin, 
Mr. Norton enlisted in the Army Air Corps and served 
as an officer in Europe during the latter part of World 
War I. He returned to civilian life as a sales engineer 
with The Case Crane and Kilboume Jacobs Company, 
Columbus, Ohio, and became vice president of the Com¬ 
pany in 1923. He remained in that position until 1926, 
at which time he joined the Department of Mechanics 
at the University of Wisconsin. 

In 1929, Mr. Norton became the first head of the 
newly formed Department of Industrial Engineering 
at the Virginia Polytechnic Institute. He developed 
that Department into one of the leading ones in the 
country and remained there until 1948. In 1943, he 
was granted leave of absence to become Chief of the 
Industrial Processes Branch of the Office of Production 
Research and Development, War Production Board. 
He also served as Treasurer of The Case Crane and 
Kilboiune Jacobs Company from 1943 until he joined 
the Company on a full-time basis as vice president 
in 1948. 

Mr. Norton is now a Lecturer in Industrial Engineer¬ 
ing at both Stanford University and the University of 
Florida. 

An internationally recognized authority on deprecia¬ 
tion and tax problems associated with depreciation mat¬ 
ters, Mr. Norton has had published more than 60 papers 
on various phases of this and related subjects. Ho also 
is co-author with Eugene L. Grant of Depretnation, a 
leading text and reference book on this subject. He is 
a member of American Society of Mechanical Engineers 
(Chairman, Publications Committee, 1953-1964), Amer¬ 
ican Society for Engineering Education (Council 1934- 
1937), and American Management Association. 




SECTION 



Engineering 

Economy 


Paul T. Norton, Jr. 


1. Introduction. 1.1 Experience and judgment alone are inadequate bases for 
management decisions. 1.2 Engineering economy formulas are not always safe. 

2. Equivalence. 2,1 Function of interest in equivalence. 2J1 Compound interest 
concept. 

3. Compound interest factors. 3.1 Single-payment compound-amount factor. 
3.2 Single-payment present-worth factor. 3.3 Uniform-series compound-amount factor. 

3.4 Sinking-fund factor. 3.5 Unifonn-senes present-worth factor. 3.6 Capital-recovery 
factor. 3.7 Typical compound interest problems. 

4. Annual cost. 4.1 Exact vs. approximate methods. 4.2 Example 1, alternatives 
with equal lives and zero salvage values. 4.3 Example 2, alternatives with positive salvage 
values. 4.4 Example 3, alternatives with different lives. 4.5 Significance of differences in 
lives of alternatives. 

5. Present worth. 5.1 Example 4, alternatives with equal lives and zero salvage 
values. 5.2 Example 5, alternatives with positive salvage values. 5.3 Example 6, alterna¬ 
tives with different lives. 5.4 Annual cost vs. present worth. 5.5 Present-worth concept 
essential for many purposes. 5.6 Example 7, valuation of a bond. 5.7 Example 8, capi¬ 
talized cost, 5.8 Selection of present-worth interest rate. 

6. Rate of return on additional investment. 6.1 Example 9, rate of return under 
simplest circumstances. 6.2 Example 10, rate of return under more complicated circum¬ 
stances. 6.3 Examples 11 to 13, approximate rate of return on additional investment. 

6.4 Rate of return on additional investment is superfluous information. 6.5 The "pay-off 
period” is also superfluous information. 

7. Criteria for choosing an economy study method. 7.1 Conditions favoring 
annual-cost method. 7.2 Conditions favoring present-worth method 7.3 Conditions favor¬ 
ing rate-of-return method. 7.4 Example 14, condition.s particularly favorable to rate-of- 
return method. 7.5 Example 15, rate of return on successive increments of investment. 

8. Economic lot sizes in manufacturing. 8.1 Importance of problem 8.2 Deriva¬ 
tion of the formula. 8.3 Example 16, use of the foimula. 8.4 'Pabular methods may be 
used in place of the formula. 8.5 Importance of using minimum attractive rate of return 
instead of interest rate on borrowed money. 8.6 Modifications of formula factors. 8.7 Re¬ 
serve or emergency stock. 8.8 Summary of economic lot size discussion. 8.8 Other 
minimum-cost problems. 

9. The break-even point concept. 

10 . Immediate vs. deferred investments. 

11 . Amount of utilization of a fixb:d asset 

12. Increment costs. 

13. Sunk costs. 13.1 Example 17. irrelevance of a past disbursement. 13.2 Example 
18, irrelevance of book value. 


103 


104 ENGINiERING ECONOMY [1 

14. lNfX)RRE(;T INFERENCES FROM ACCOUNTINC APPORTIONMENTS. 14.) Example 19, 
(o make or to purchase. 

15. Appraisal.^; measuring the desadvantages of oi.d assets as compared with 

NEW ONES. 

16. Deprf.ciation. 16.1 Economic vs. tax aspects of problem. 16.2 Practice prior to 
1934. 16.3 Practice from 1934 to 1953. 16.4 Straight-iino method 16.5 Item accounting vs. 
group accounting. 16.6 Depreciation methods permissible under tlie Internal Re\ enue 
Code of 1954. 16.7 Selecting a depreciation accounting method undei the 1954 law. 16.8 
.Severity of treasury tax practice. 16.9 "Allowed” and "allowable” depreciation. 16.10 
Treasury attitude toward obfiolescence, 16.11 Depreciation and price-level changes. 

17. Retirements and HEPLACEME.NT.-j. 17.1 Common errors m retirement and 
rej)laccmetit .studies. 17.2 The investment cost of a present asset. 17.3 Example 20, a 
replacement .study, 17.4 The economic life concept. 17.5 Length of pay-off period. 
17.6 The MAPI formula. 

18. Income taxes in enginfiering economy. 18.1 Graduated income taxes require 
increment cost viewpoint. 18.2 Effective tax rates for use by corporations 18.3 Special 
situations 18.4 Income ta.xes may limit losses. 18.5 Intere.st on borrowed capital is a 
deduction for tax purposes. 18.6 Income taxation and technological progress. 

Bibliography. 


T. INTRODUCTION 

It would be difficult to exaggerate 

the economic and social importance 
of engineering economy. The innumer¬ 
able deci.sions that are made each day in 
this field iii private industry determine 
whether proposals for investment in new 
plant and equipment are accepted or 
rejected. These decisions have far-reach¬ 
ing effects on our national standard of 
living. 

It IS a truism that a high .standard 
of living depend.s upon the availability to 
the average iiersoii of an abundance of 
goods and services, plus the leisure neces¬ 
sary for the enjoyment of these goods 
and services. It is no accident that those 
countries possessing the highest degree 
of mechanization al.'iO po.ssess the highest 
standard of living. Mechanization and 
the scientific management of our facilities 
have caused the enormous increase in 
man-hour productivity in this country. 

Howevei, the same mechanization that 
has made possible a b gh 'standard of 
living has also been the cause of the 
greatly feared calamity that we call tech¬ 
nological uncrnploymeiit. It is small com¬ 
fort to the individual worker who lias 
lost his job, or to the community that has 
lost many jobs through the closing of a 
factory, to be told that in the long run 
mechanization has always meant greater 


total employment. For example, employ¬ 
ment in the automobile industry is much 
greater than it was formerly in spite of 
the great decrease in the mau-hours re¬ 
quired to produce an automobile. More¬ 
over, many other jobs in mdustrie.s would 
never have developed at all if it had not 
been for the automobile and the motor 
truck. 

Mechanization that is economically 
sound will widen markets hy reducing 
the cost of the product, but reduction m 
total cost can occur only when the saving 
in operating ro.st (l.irgely in labor cwl) 
is greater than the increiLve in fixed 
charges that almost always follows an 
increase in mechanization. Since in¬ 
creased moclianization almost always 
reduces employment jier unit of product, 
it can be justified economically and so¬ 
cially only if total cost, including fixed 
charges, is really reduced. 

A thorough examination of the meth¬ 
ods in general use for determining 
whether it will pay to make investments 
in productive equijmicnt will prove that 
many of them contain senous errors in 
thc'orv. Some of the.se errors tend to en¬ 
courage investments that should not be 
made because they reduce employment 
without reilucmg total cost. Cttlier errors 
tend to prevent investments that really 
are desirable. 

The principal purpose of this section is 
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to develop methods for use in solving 
problems in engineering economy. Par¬ 
ticular altention is devoted to problems 
that involve alternatives with differences 
in such factors as original investments, 
annual operating expenses, and lives. An 
attempt is made to introduce briefly the 
more important problems in this general 
field, but space limitations prevent the 
discussion of many problems of consider¬ 
able importance to certain industries. 
Peaders desiring a fuller di.‘-cusbion of 
the subject are referred to the bibliog¬ 
raphy at the end of the section. 


1.1 EXPEIllENX'E AND JUDflMENT 
AI.OXE ARE INADEQUATE BASES 
FOR MANAGEMENT DECISIONS 

The great increase in the mecha¬ 
nization of our factories has cre¬ 
ated many new and senou.® jiroblems for 
toji management. Insullicieiu mechaniza¬ 
tion Will often reduce or ehinmate profits 
by ra.-iking eompetilive co.sts impossible 
to attain, but unwise mechanization will 
.sometimes load to fixed charge.s that are 
excessive and that threaten the financial 
soundness of the company. Mechaniza¬ 
tion generally leads to investments that 
at best cannot be recovered for many 
years, and that at worst may re.Milt m 
the lo.ss of much of the investment. In 
addition, a correct decision between al¬ 
ternative way.® for providing protluctive 
capacity often requires comparisons in¬ 
volving such factors as obsolescence. 
Where prospective obsolescence seems to 
be an important danger, it is necessary 
to weigh the increased chances for jirofit 
with a certain investment against the 
possible greater danger of loss with that 
particular investment because of rapid 
obsolescence. 

W’hen investments in fixed assets were 
a small part of the total investment in 
a business, an experienced manager wdth 
good buv®iness judgment could safely 
make decisions without formally con¬ 
sidering what we arc here calling engi¬ 
neering economy. Today the only safe 
way to handle alternatives involving iri- 
vottnients in plant and equipment is to 


start with engineering economy studies. 
Good business judgment and experience 
are just as valuablf* as ever, but decisions 
involving investments in fixed a-ssets 
should he based a.' far as po.s.sible on the 
tangible results of engineering economy 
studies. 


1.2 ENGINEERING ECONOMY FORMULAS 

ARE NOT ALWAYS SAFE 

Formula.® are useful in the solution 

of recurn-nt routine problems be¬ 
cause a clerk who doc.s not understand 
the derivation of a toniiula can stil! solve 
many problems l-v merely .substituting 
in the formula. However, it slu.uld be 
clearly nrulerstood that no formula can 
be safely used unless .woiiu-one in the 
organization understands its derivation 
and its liniitdiion.®. Later, in the discus¬ 
sion of the machine rejjiaeemcnt jirohlein, 
It will be pointed out th.it in,any rejilace- 
niMit formulas eoniaining serious errors 
m theory have been pul.lishod year after 
year for many years ])a.®t Qlher compli¬ 
cated formulas in this field are apjiar- 
ently being used rather extensively by 
persons who do not fully understand the 
as.®umptions on which they are ba.sed. 

In many pha.ses of engineering econ¬ 
omy it is almost iinf)o.®sible to devise a 
formula that is both sound in principle 
and akso simple in u.se. Moreover, a eom- 
rnon objection to the use of even a sound 
and simiile formula is the fact that ii 
ordinarily gives merely a single value, 
with little or no information about 
the effect of even a slight deviation Iroin 
that value. For example, minimum-cost 
formulas can often be devised that are 
both simple and economically sound, but 
their u.®efulness is limited by the fact that 
it is often the minimum-cost range that 
is really de.sired rather than the mmi- 
mum-eost point, which is the onlv thing 
the formula can pos.«ibly give. Wlwt is 
even more significant, tabular methods 
that give ail the desired information are 
often as simjile and easy to u.se as the 
best possible formulas. 

Previous generations of industrial man¬ 
agers had an instinctive dislike of forinu 
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las, and it is probable that the unsound 
machine replacement formulas have done 
less damage up to now than their preva¬ 
lence in management books and periodi¬ 
cals would indicate. However, this for¬ 
tunate condition can hardly be expected 
to continue; problems have become so 
complicated that scientific methods are 
required for their solution, and, in addi¬ 
tion, the present generation of industrial 
managers seem more willing to rely on 
formulas. 


2. EQUIVALENCE 

The typical engineering economy 

problem involves alternatives hav¬ 
ing differences in such factors as original 
investment, annual operating expenses, 
and lives. For example, the alternatives 
may be machine A, with a first cost of 
$10,000, annual cash expenditures of 
$5,000, and an estimated life of 5 ye.ars, 
and machine B, with a first cost of 
$15,000, annual cash exiienditures of 
$4,000, and an estimated life of 6 years. 
It is obvious that the data as stated do 
not furnish sufficient information for 
comparing the two alternatives. It is 
necessary to make an economy study in 
which the first step is to convert the 
original data to other figures that are 
equivalent to the original data and that 
are in such shape as to be comparable. 

In general, when alternatives such as 
machines A and B have both initial in¬ 
vestments and also cash expenditures 
spread over the period of the study, all 
payments must be converted either to an 
equivalent annual senes or to an equiva¬ 
lent single amount at some specific date. 
In other words, it is necessary either to 
spread the investment uniformly over the 
study period and add this amount to the 
stated annual cash exj) -nditures, or else 
to convert the annual caoh expenditures 
to a single payment at the t»me of the 
investment and add it to the investment. 
The first method is commonly called the 
annual-cosi method and the second 
method is commonly called the present- 
worth method. Both methods are ex¬ 
plained later in this section. 


[i 

Consider the $10,000 first cost of ma¬ 
chine A and the problem of converting 
this sum of money to a uniform annual 
figure for 5 years. It would be misleading 
merely to divide $10,000 by 5 and to 
assume that a payment of $2,000 a year 
for 5 years has the same effect as a pay¬ 
ment of $10,000 at the start of the 5-year 
period. Because money has a time value, 
it IS decidedly not a matter of indiffer¬ 
ence whe.her $10,000 is spent now or 
$2,000 IS .« >ent each year for 5 years. For 
equivalence calculations such as the one 
requireil to compare machines A and B, 
it is noces'-ary to select ..ome particular 
interest rate that seems ajipropriate for 
the comparison to be made, all things 
considered. 

Grant d^scrilies the cot cept of equiva¬ 
lence as ft- jws:* 

Given interest rate, we may say 
that any j aymi'nl or senes of payments 
whieli would repay a pie.sent sum of 
money with interest at tliat rate is 
equivalent to that pie-sent sum. And all 
future payments or senes of ]>ayments 
which would lepay the same p esent sum 
aie equivalent to each otiier. 


2.1 FUNCTION OF INTEREST 
IN EQUIVALENCE 

By means of interest calculations, 
we can determine an amount at 
any given tune that is equivalent to a 
stated amount at some other time. For 
example, if an interest rate of 5 per cent 
per annum is used, $1,00 now and $1.05 a 
year from now may be said to be equiva¬ 
lent to each other. 

Before atteinjiting to determine an an¬ 
nual amount that is equivalent at 5 per 
cent per year over a 5-year period to the 
$10,000 investment in machine A, it is 
helpful to discusS three plans for the 
repayment of a loan of $10,0(X) in 5 
years with 5 per cent interest. These 
plans are shown in Table 3.1. All three 
are equivalent in the sense that in each 
plan the borrower pays and the lender 

* E. L. Grant, Principles of Engineering 
Economy, 3(1 ed. (New York: The Ronald 
Press Company, Inc., 1950), p. 39. 
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TABLE 3.1 REPAYMENT OP $10,000 IN 5 YEARS WITH INTEREST AT 5 
PER CENT 


Plan 

1 

End 

of 

year 

Interest due 
(5% of money 
owed at start 
of year) 

Total money 
owed before 
year-end 
payment 

Year-end 

payment 

Money owed 
after 
year-end 
payment 






$10,000.00 



$600.00 

$10,500.00 

$ 500.00 

10,000.00 



5O0.OO 

10,500.00 

500.00 

10,000.00 

1 


.600.00 

10,500.00 

500.00 

10,000.00 



500.00 ' 

10,.600.00 

500.00 

10,000.00 


5 

500.00 

10,.600.00 

10,500.00 

0.00 


0 




$10,000.00 


1 

$500.00 

$10,500.00 

$2,500.00 

8,000.00 


2 

400.00 

8,400.00 

2,400.00 

6,000.00 

2 

3 

O.J0.00 

6,.300.00 

2,300.00 

4,000,00 


4 

200.00 

4,200.00 

2,200.00 

2,000.00 


5 

100.00 , 

2,100.00 

2,100.00 

0.00 


0 




$10,000.00 


1 

$500.00 , 

$10,500.00 

$2,309.75 

8,190.25 


2 

409-51 

8,599.76 

2,309.75 

6,290.01 

3 

3 

314.50 

6,604.51 

2,.309.75 

4,294.76 


4 

214.74 

4,509.50 

2,309.75 

2,199.75 


5 

109.99 

2,309.74 

2,300.74 

i 

0.00 


receives 5 per cent per year on that part 
of the loan that has not already been 
repaid. 

Table 3.1 shows thre.e popular ways of 
repaying a $10,000 loan in 5 years, with 
interest at o per cent. In plan 1, the 
interest is paid at the end of each year, 
but no part of the principal is repaid 
until the end of the 5-year period, at 
which time the entire $10,000 is repaid. 
In plan 2, one-fifth of the principal is 
repaid at the end of each year, together 
with interest on the amount of the unre¬ 
paid principal during the year. In plan 
3, a uniform amount (partly interest and 
partly principal) is paid each year, this 
amount being just large enough so that 
all the principal, plus interest each year 
on the unrepaid principal during that 
year, will be repaid by means of these 
uniform annual payments of $2,309.75 
each. (The determination of the amount 
of the uniform annual payment will be 
explained in Art. 3, Compound Interest 
Factors.) 

It will be noted that all three of these 
methods are equivalent to each other at 


5 per cent interest, because in each case 
the borrower pays back and the lender 
gets back the principal of the $10,000 
loan plus 5 per cent mtere.'^t each year 
on the amount of the principal unrejiaid 
during that particular year. These three 
senes of year-end payments are equiva¬ 
lent to each other at 5 per cent, and are 
also equivalent to $10,000 at the begin¬ 
ning of the 5-year jieriod. 

The method of plan 3 is the most use¬ 
ful method in most engineering economy 
problems, since it makes possible the 
conversion of a present investment into 
an equivalent uniform annual cost of 
capital recovery, plus a return on the 
investment at the stated interest rate. 
In other words, if we assume that the 
$10,000 investment in machine A, de¬ 
scribed earlier, will be completely dissi¬ 
pated through u.?e in the 6-year period 
(zero salvage value), the equivalent uni¬ 
form annual cost of recovering this cap¬ 
ital in 5 years, with 5 per cent return on 
the unrecovered balance during each 
year, will be $2,309.75 [icr year. Also the 
equivalent uniform annual cost of own- 










ENGINEERING ECONOMY 


lOB 

ing ana operating this machine will be 
$7,300,75 per year, the figure that is 
obtained by adding the annual cash ex¬ 
penditures of $5,000.00 to the capital 
recovery cost of $2,309.75 per year. It is 
this equivalent uniform annual cost of 
$7.300 75 for in.'ichine A tint wo can 
compare with a similarly obtained cost 
for machine B, or any other available 
alternative. 


2.2 COMPOUND INTEREST CONCEPT 

It can be proved that all methods 

of repaying tlie $10,000 in 5 years 
with 5 per cent iriTere.st an- equivalent, 
provided all payments of principal and 
interest are made at the end of boine year 
and interest is charged each year at 5 jier 
cent on the amount of principal remauiing 
unrepaiil during the year. This is true 
even if no payinenfs of interest or prin¬ 
cipal are made until the end of the 5-vear 
period. In that ca.se, the intere.^t will be 
added at the end of each year and m 
efTeet will become a part of a new ]irinei- 
pal Thu.s, at the end of the first year, the 
interest will be $.500, ami when tiiis is 
added to the original $10,000 princifial, 
the principal during the second year be¬ 
comes $10,500, and the interest at the end 
of the second year will be $525. Interest 
will be $551.25, $578.81, and $607.75 re¬ 
spectively in the third, fourth, and fifth 
years, and the amount to be repaid at 
the end of the fifth year wall be $12,- 
762.81. It will be recognized that this 
particular method employs the com¬ 
pounding of interest rather than the ac¬ 
tual payment each year of the interest 
due. 

It can easily be shown that the com¬ 
pound interest concept is the proper one 
for business loans and investments no 
matter how loans are repaid or invest¬ 
ments recovered. This is true in actual 
loans from the viewpoint ut both the 
borrower and the lender. Where interest 
is actually paid at the end of each inter¬ 
est period, it may be assumed that the 
lender could invest this amount and re¬ 
ceive interest on it and also that the 
borrower could have invested the inter- 
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est he actually paid if he had not paid it’ 
v/hen he did. 

It has been simpler to introduce the 
concept of equivalence by the use of a 
$10,000 loan for 5 years with 5 per cent 
in (crest, but in engineering economy 
mo.st of the problem.^ involve investments 
which it is hoped will be produc(.i\e 
enough .so that the amount of the in¬ 
vestment will be recovered plus a sati.s- 
factory return. Much of the remriimier 
of this section will be devoted to exam¬ 
ples in which these investments wnll be 
converted info equivalent uniform an¬ 
nual costs of capital recovery. These 
conver.«ion.s will utilize compound inter¬ 
est factors in w'hat may be called the 
basic (or accurate) procedure, although 
in .‘-■omo cases an approximate method 
called (he straight-line depreciation and 
avenge interest method will bo u.sed. 

Although the basic concept involved 
in (he recovery of an invc.stment (capi¬ 
tal recovery wuth a return) is the same 
.'IS that develojied previously in this sec¬ 
tion for (he reiiayment of a loan, the 
recovery of an mve-itmcnt in .'inch thing.s 
as plant and equipment i.s quite indc- 
pendpiit of the -^ouree of the funds that 
wore used. The source and avail.ability of 
investment funds may properly be con¬ 
sidered wben deciding whether certain 
types of investment should be made and 
in such matters as the setting of mini¬ 
mum attractive rates of return (inter¬ 
est rates). But care must be taken not 
to confuse the recovery of an investment 
with the repayment of a loan. 


3. COMPOUND INTEREST FACTORS 

The compound interest factors dis¬ 
cussed ill this article provide a 
convenient means for converting a single 
payment at some particular time into 
an equivalent single payment at some 
other time, or of converting a single 
payment at some particular time into 
an equivalent uniform series of pay¬ 
ments, or of converting a uniform series 
of payments into an equivalent single 
payment at some particular time. By the 
use of two or more of these factors, van- 



TABLE 3.2 2 PER CENT COMPOUND INTEREST PACTOKS 



Singlf payment | 

Uniform payment series 



Compound- 

Present- 

Compound- 

Sinking- 

Pre.sent- 




amount 

worth 

amount 

fund 

worth 



n 

fartor 

fartor 

fartor 

fartor 

fartor 


V 



Given A 

Given /f 

Given A’ 

(Jivrn R 

Civrn I‘ 



Given P 

to find P 

to find ,S' 

to find R 

to find /•’ 

to find R 



to find A' 

1 

(1 -1- O" -- 1 

1 

(1 - 1 

t(] + ?)" 



(1 + »)" 

(1 P/)" 

/ 

(1 -f 0" - 1 

1(1 + 0" 

(1 d- /)" - 1 


1 

1.020 

0.9801 

1 000 

1 .ni'xKio 

0.98i) 

1.02000 

1 

2 

1.010 

0.9012 

2 020 

0 49505 

1 942 

0.51505 

2 

3 

1.001 

0.9423 

3.000 

0 32075 

2 884 

0.31075 

3 

4 

1.0H2 

0 9238 

4 122 

0 21202 

3.808 

0.20202 

4 

6 

l.lOl 

0 9057 

5.204 

0 19210 

4.713 

0.21210 

5 

6 

1.126 

0.8880 

6.308 

0.158.53 

5.001 

0.17853 

6 

7 

1.149 

0.8706 

7.434 

0.13451 

0 472 

0.15451 

7 

8 

1.172 

0.853.5 

8.583 

0.11051 

7.325 

0.13051 

8 

9 

1.195 

0.8308 

9.755 

0 102.52 

8.102 

0.12252 

9 

10 

1.219 

0.8203 

10.9.50 

0.09133 

8.983 

0.11133 

10 

11 

1.243 

0 8013 

12.109 

0.08218 

9.787 

0.10218 

11 

12 

1.208 

0 7885 

13.412 

0 074.50 

10.575 

0 0945ri 

12 

13 

1.294 

0 7730 

14 680 

0 00812 

11 348 

0.08812 

13 

14 

1 319 

0 7579 

15 974 

0 00200 

12 100 

0 08200 

14 

16 

1.340 

0.7430 

17 293 

0 05783 

12 849 

0.07783 

16 

16 

1.373 

0.7281 

18.639 

0.0.5305 

13 .578 

0.07305 

16 

17 

1.400 

0.7142 

20012 

0.04997 

14.292 

0.00997 

17 

18 

1.428 

0 7002 

21 4 12 

0.04070 

14 992 

0 00f >70 

18 

19 

1.4.57 

0.0804 

22.811 

0 04378 

15.078 

0.00378 

19 

20 

1.486 

0.6730 

24.297 

0.04110 

10.351 

0 00116 

20 

21 

1.516 

0.0598 

25.783 

0,03878 

17011 

0.05878 

21 

22 

1.540 

0.0408 

27 299 

0 03003 

17.058 

0.05603 

22 

23 

1..577 

0.0312 

28.845 

0 0.3407 

18 292 

0.0.5407 

23 

24 

1.60.8 

0.0217 

30.422 

0.03287 

18.914 

0 05287 

24 

26 

1.641 

0.0095 

32.030 

0 03122 

19..523 

0.05122 

26 

26 

1.673 

0.5976 

33.671 

U.02970 

20.121 

0.04970 

26 

2T 

1.707 

0.5859 

35.344 

0.02829 

20.707 

0.04829 

27 

28 

1.741 

0.5744 

37.051 

0.02099 

21.281 

0.04699 

28 

29 

1.776 

0.5631 

38.792 

0 02578 

21.844 

0.04578 

29 

30 

1.811 

0 5521 

40 568 

0.02105 

22.396 

0.04405 

30 

31 

1.848 

0..5412 

42 379 

0 02300 

22.938 

0.04360 

31 

32 

1.885 

0.5300 

44 227 

0.02201 

23.468 

0.04261 

32 

33 

1.922 

0.5202 

46.112 

0.02109 

23.989 

0.04169 

S3 

34 

1.961 

0.5 UK) 

48.034 

0.02082 

24.499 

0.04082 

34 

36 

2.000 

0.5000 

49.994 

0.02tK)0 

24.999 

0.04000 

36 

40 

2.208 

0.4529 

60.402. 

O.OKiuG 

27.355 

0.03656 

40 

46 

2.438 

0.4102 

71.893 

0.01391 

29.490 

0.03391 

45 

60 

2.692 

0.3715 

84.579 

0.01182 

31.424 

0.03182 

60 

66 

2.972 

0.3365 

98.587 

0.01014 

33.175 

0.03014 

66 

60 

3.281 

0.3048 

114.052 

0.00877 

34.761 

0.02877 

60 

66 

3.623 

0.2761 

131.126 

0.00763 

30.197 

0.02763 

65 

70 

4.000 

0.2500 

149.978 

0.00667 

37.499 

0.02667 

70 

76 

4.416 

0.2265 

170.792 

0.00586 

38.677 

0.02586 

76 

80 

4.875 

0.2051 

193.772 

0.00516 

39.745 

0.02516 

80 

86 

5.383 

0.1858 

219.144 

0.00456 

40.711 

0.02456 

86 

90 

5.943 

0.1683 

247.157 

0.00405 

41.587 

0.02405 

90 

96 

6..562 

0.1524 

278.085 

0.00360 

42.380 

0.02360 

96 

100 

7.245 

0.1380 

312.232 

0.00320 

43.098 

0.02320 

100 


* Tables 3.2 to 3.10 from 11. G. Tbuesen, Enoinetring Economy. Copyright, 1950, by Prentice-Hall, In 
New York, pp. 483-400, 491. 
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ing ana operating this machine will be 
S7,.‘^00 7? per year, the figure that is 
obtained by adding the annual cash ex¬ 
pends un's of So.OOO.OO to the capital 
reco\aTy eo^t of $2,;'’)09 77) per year. It is 
this equivalent unifonri annual eo.^t of 
$7,.'109 771 for machine \ (hat we can 
compare with a similarly obtained cost 
for machine B, or any other available 
alternative. 


2.2 roMPOUND intfrf:st concept 

It can V^e proved that all methods 

of repaying th>‘ ?10,0(X) in ."> years 
■vith .'1 per euit intere''t are equivalent, 
provided ad paymenfi- of pnnv-qcil and 
mtcre^t are made at the en<l of somi' >ear 
and interest is charged each yi'ar at 7i per 
cent oil the amount of princi|),a! remaining 
unrejtaid during the vear. Thi'; is irue 
even if no payments of interest nr prin- 
cip.d arc uiadc urilil the end of the fi-vear 
period In that ca.'C. the intere.^i will be 
added at the end of each year and m 
efTeet will become a part of a new juinei- 
pal Thu.i, at the end of the fir.'.t vear, the 
interest wdl be $.u()(). .and when thi'- is 
added to the original .■? 10,000 prmeipal, 
the prineipial during the second \ear be¬ 
comes $10,500, and the interest at the end 
of the second year wdl be $.52.5. Interest 
will be $7).51 25, .$57.'s81, and .$007 75 re- 
spectivelj'm the third, fourth, and fifth 
years, and the amount to be repaid at 
the end of the fifth year wail be Sl2,- 
762.81. It will be recognized that this 
particular method employs the com¬ 
pounding of interest rather than the ac¬ 
tual payment each year of the interest 
due. 

It can easily be shown that the com¬ 
pound interest concept is the proper one 
for business loans and ui'-estments no 
matter how loans are repaid or invest¬ 
ments recovered. This is true in actual 
loans from the viewpoint of both the 
borrower and the lender. WliOre interest 
is actually paid at the end of each inter¬ 
est period, it may be as.sutned that the 
lender could invest this amount and re¬ 
ceive interest on it and also that the 
borrower could ha^ e invested the inter¬ 


est he actually paid if he had not paid it 
v/hon he did. 

It has been simpler to introduce the 
concejit of equivalence by the use of a 
$10,000 loan for 5 years w'ith 5 per cent 
intere.4, but in engineering economy 
mo.'t of the firoblems involve mve,stmcnt,s 
which it i.''' hoped wall bo productse 
enough so that the amount of the in¬ 
vestment Will be recovered plus a satis¬ 
factory return. Much of the remainder 
of this «eetion will be devoted to exam- 
[iles in which these investments will be 
ennverled into eciuivah'nt uniform an¬ 
nual oo.--ts f,f capita! leeovery. These 
eonver'^ion.s will utilize compound inter¬ 
est factors m what may be called the 
basic (or accurate) procedure, although 
in .«nme ca.'cs an approximate method 
called the .straight-line depreciation and 
average intere.st method will be used. 

Although the basic concejit involved 
in the recovi'ry of an inve.stment fcaiii- 
tal recovery with a return) is the .same 
a.s that flevelojied proviou.sly m this sec¬ 
tion for the rejiayineiit of a loan, the 
roeoverv of an inve.s1inent in such things 
as pl.ant and equi]iment i.s quite mde- 
pcndeiii; (if the soiiree of the lunds that 
were used d'he .source and availability of 
investment fuutls may properly be eon- 
sulered when doeidmg whether eertain 
types of mva'.stment should be made and 
in .such matt(‘r- as the setting of mini¬ 
mum attractive rate.s of return (inter¬ 
est rat(*.s). But core must be taken not 
to corifiisc the recovery of an investment 
wuth the repayment of a loan. 


3. CO.MPOUND INTEREST FACTORS 

The compound intere.st factors di.s- 
cussed in this article [iroviie a 
convenient means for converting a single 
paym.ent at some particular time into 
an equiv'alcnt single ixiyment at some 
other time, or of convertirig a single 
payment at some particular time into 
an equivalent uniform series of pay¬ 
ments, or of converting a uniform senes 
of payments into an equivalent single 
payment at some particular time. By the 
use of two or more of these factors, vari- 



TABLE 3.2 2 PER CEXT COMPOUND INTEREST FACTORS* 



SiiiRlo payment | 

Uniform paj'ment series 



Compound- 

Present- 

Compound- 

Sinking- 

Pre.sent- 

Capital- 



amount 

worth 

amount 

fund 

Wurth 

rect.very 


n 

factor 

factor 

factor 

factor 

factor 

factor 

ri 



Given -S 

Given Ji 

Given ,S 

Givi'i) If 

Given /' 



Ciiv'on C 

to find /’ 

to fillfl .8 

to litid H 

to find /’ 

to find If 



to find -S' 

1 

(1 -f j)" - 1 

1 

(1 4- O" - 1 

t(l 4- ?■)” 



(1 + 0" 

(1 4 O’* 


n 4 /)’“ - 1 

((14 ()" 

(1 4 ()" - 1 


1 

1 020 

0 9804 

““ 1 000 

1 00000 

6 980 

1.0'iOOO 

i 

2 

1 OK) 

0.9012 

2 020 

0 49.505 

1.912 

0.51505 

2 

3 

1 001 

0.94 23 

3,000 

0 32075 

2.884 

0 34675 

3 

4 

1.US2 

0.9238 

4.122 

0 24202 

3.808 

0 2626.2 

4 

6 

J 104 

0 9057 

5.204 

0 19210 

4.713 

0 21216 

6 

6 

1.126 

0 S880 

6.308 

0.1.5,8.53 

5.601 

0.17853 

6 

7 

1.149 

o.;;706 

7.434 

0.13151 

6.472 

0 1.5451 

7 

8 

1.172 

0 8535 

8,583 

0.11651 

7.325 

0.136.51 

8 

9 

1.195 

0.8.308 

9.7.55 

0 102.52 

8.162 

0.122.52 

9 

10 

1.219 

0 8203 

10.9.50 

0.09133 

8.983 

0.11133 

10 

11 

1 243 

0 8013 

12.169 

0 08218 

9 787 

0.10218 

11 

12 

1.20S 

0 7885 

13.412 

0 071.50 

10,575 

0 09456 

12 

13 

1 294 

0.7730 

14 680 

0.0(i812 

11 348 

0.08812 

13 

14 

1 319 

0.7579 

15 974 

0 00200 

12 106 

0 08260 

14 

16 

1.316 

0.74.30 

17.293 

0.05783 

12.819 

0.07783 

16 

16 

1.373 

0 7281 

18.639 

0.0530.5 

13 .578 

0.07365 

16 

17 

1.400 

0 7142 

20 012 

0 04997 

14 292 

0 06997 

17 

18 

1.42S 

0.7002 

21.412 

0.010,70 

1 1.992 

0.06670 

18 

19 

1.457 

0.0.804 

22.841 

n 0137.8 

15.678 

0.06378 

19 

20 

1.486 

0.0730 

21.297 

0.01 no 

16.351 

0.06116 

20 

21 

1.516 

0 059.8 

2.5.783 

0.03878 

17.011 

0.05878 

21 

22 

1..546 

0 OltlS 

27 299 

0 0300.3 

17.6,58 

0.05663 

22 

23 

1.577 

0.0342 

28.815 

0 03 10)7 

1,8.292 

0 05167 

23 

24 

l.OO.S 

0.0217 

30.4‘22 

0.03287 

18.91 1 

0.05287 

24 

26 

1.011 

0.0095 

32.030 

0 03122 

19.,523 

0 05122 

26 

26 

1.673 

0.5970 

33.671 

0 02970 

20.121 

0.04970 

26 

27 

1.707 

0 ,58.59 

35 344 

0 02829 

20.707 

0 04829 

27 

28 

1.741 

0 574 1 

37 0.51 

0 02099 

21,281 

0.04699 

28 

29 

1.776 

0,.50.31 

38 792 

0 02578 

21 84 ! 

0.01578 

29 

30 

1.811 

0..5521 

40..50.8 

0.02105 

22 396 

0.04465 

30 

31 

1,848 

0.5112 

42.379 

0 0230.0 

22.938 

0 04360 

31 

32 

1.885 

0 5300 

44.227 

0 02201 

23.168 

0.04261 

32 

33 

1.922 

0.5202 

46.112 

0.02109 

23.989 

0.01169 

33 

34 

1.901 

0.5100 

48.034 

0 02082 

21.199 

0.04082 

34 

36 

2.000 

0..5000 

49.994 

0.02000 

24 999 

0.04000 

36 

40 

2.208 

0.4.529 

60.402 

0 016,50 

27.355 

0.03656 

40 

45 

2.4.38 

0.4102 

71 893 

‘ 0 01391 

29.490 

0.03391 

46 

60 

2.092 

0.3715 

84.579 

0.01182 

31 424 

0.03182 

50 

65 

2.972 

0.3365 

98 587 

001014 

33 175 

0.03014 

66 

60 

3.281 

0.3048 

111.0,52 

0 00877 

34.761 

0.02877 

60 

66 

3.623 

0 2701 

131.126 

0 00703 

36.107 

0.02763 

66 

70 

4.01X) 

0.2,500 

149 978 

0.00667 

37.499 

0.02667 

70 

76 

4.416 

0.2205 

170.792 

0.00586 

38.677 

0.02586 

75 

80 

4.875 

0.2051 

193.772 

0 00516 

39.745 

0.02516 

80 

85 

5.383 

0.1,8,58 

219.144 

0.004.56 

40 711 

0 02456 

85 

90 

5.943 

0.1083 

247.157 

0.00405 

41.587 

0 02105 

90 

96 

6.562 

0.1.524 

278 085 

0.00360 

42.380 

0.02360 

96 

100 

7.245 

0.1380 

312.232 

0.00320 

43 098 

0.02320 

100 


* TrWps 3 2 to 3.10 from H. G. Tliuesen, Eng%neerino Economy. Copyright, 1950, by rrenticp-Hall. lu 
Npw York, pp. 483-490, 491, 
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TABLE 3.3 3 PER CENT COMPOUND INTEREST FACTORS 



Single payment | 

1 Uniform payment serieH 



Comiwund- 

Present- 

Compound- 

Sinking- 

Present- 




amount 

worth 

amount 

fund 

worth 



n 

factor 

factor 

factor 

factor 

factor 

mssssm 

n 



Given S 

Given R 

Given S 

Given R 

Given P 



Given P 

to find P 

to find S 

to find R 

to find P 

to find R 



to find S 

1 

(1 + t)" - 1 

i 

(1 -ft)" - 1 

f(l -h i)“ 



(1 + 0" 

(1 + t)" 

i 

(1 +t)" - 1 


tllfB 


1 

1.030 

0.9709 

1.000 

1.00000 

0.971 

1.03000 

1 

2 

1.061 

0.9426 

2.030 

0.49261 

1.913 

0.52261 

2 

3 

1.093 

0.9151 

3.091 

0.32353 

2.829 

0.35353 

3 

4 

1.126 

0.8885 

4.184 

0.23903 

3.717 

0.26903 

4 

6 

1.159 

0.8626 

5.309 

0.18835 

4.580 

0.21835 

6 

6 

1.194 

0.8375 

6.468 

0.15460 

5.417 

0.18460 

6 

7 

1.230 

0.8131 

7.662 

0.13051 

6.230 

0.16051 

7 

8 

1 267 

0.7894 

8.892 

0.11246 

7.020 

0.14246 

8 

9 

1.305 

0.7664 

10.159 

0.09843 

7.786 

0.12843 

9 

10 

1.344 

0.7441 

11.464 

0.08723 

8.530 

0.11723 

10 

11 

1.3S4 

0.7224 

12.808 

0.07808 

9.253 

0.10808 

11 

12 

1.426 

0.7014 

14.192 

0.07046 

9.954 

0.10046 

12 

13 

1.469 

0.6810 

15.618 

0.06103 

10.635 

0.09403 

13 

14 

1.513 

0.6611 

17.086 

0.05853 

11.296 

0.08853 

14 

16 

1.558 

0.6419 

18.599 

0.05377 

11.938 

0.08377 

16 

16 

1.605 

0.6232 

20.157 

0.04961 

12.561 

0.07961 

16 

17 

1.653 

0.6050 

21.762 

0.04595 

13.166 

0.07595 

17 

18 

1.702 

0.5874 

23.414 

0.04271 

13.754 

0.07271 

18 

19 

1.754 

0.5703 

25.117 

0.03981 

14.324 

0.06981 

19 

20 

1.806 

0.5537 

26.870 

0.03722 

14.877 

0.06722 

20 

21 

1.860 

0.5375 

28.676 

0.03487 

15.415 

0.06487 

21 

22 

1.916 

0.5219 

30.537 

0.03275 

15.937 

0.06275 

22 

23 

1.974 

0.5067 

32.453 

0.03081 

16.444 

0.06081 

23 

24 

2.033 

0.4919 

34.426 

0.02905 

16.936 

0.05905 

24 

26 

2.094 

0.4776 

36.459 

0.02743 

17.413 

0.05743 

26 

26 

2.157 

0.4637 

38.553 

0.02594 

17.877 

0.05594 

26 

27 

2.221 

0.4502 

40.710 

0.02456 

18.327 

0.0.5456 

27 

28 

2.288 

0.4371 

42.931 

0.02329 

18.764 

0.05329 

28 

29 

2.357 

0.4243 

45.219 

0.02211 

19.188 

0.05211 

29 

30 

2.427 

0.4120 

47.575 

0.02102 

19.600 

0.05102 

30 

31 

2.500 

0.4000 

50.003 

0.02000 

20.000 

0.05000 

31 

32 

2.575 

0.3883 

52.503 

0.01905 

20.389 

0.04905 

32 

33 

2.652 

0.3770 

55.078 

0.01816 

20.766 

0.04816 

33 

34 

2.732 

0.3660 

57.730 

0.01732 

21.132 

0.04732 

34 

36 

2.814 

0.3554 

60.462 

0.01654 

21.487 

0.04654 

36 

40 

3.262 

0.3066 

75.401 

0.01326 

23.115 

0.04326 

40 

46 

3.782 

0.2644 

92.720 

0.01079 

24.519 

0.04079 

46 

60 

4.384 

0.2281 

112.797 

0.00887 

25.730 

0.03887 

60 

66 

5.082 

0.1968 

136.072 

0.00735 

26.774 

0.03735 

66 

60 

5.892 

0.169" 

163.053 

0.00613 

27.676 

0.03613 

60 

66 

6.830 

0.1464 

194.333 

0.00515 

28.453 

0.03515 

66 

70 

7.918 

0.1263 

230.594 

0.00434 

29.123 

0.03434 

70 

76 

9.179 

0.1089 

272.631 

0.00367 

29.702 

0.03367 

76 

80 

10.641 

0.0940 

321.363 

0.00311 

30.201 

0.03311 

80 

86 

12.336 

0.0811 

377.857 

0.00265 

30.631 

0.03265 

85 

90 

14.300 

0.0699 

443.349 

0.00226 

31.002 

0.03226 

90 

96 

16.578 

0.0603 

519.272 

0.00193 

31.323 

0.03193 

96 

100 

19.219 

0.0520 

607.288 

0.00165 

31.599 

0.03165 

100 
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TABLE 3.4 4 PER CENT COMPOUND INTEREST FACTORS 



Single payment | 

1 Uniform payment series 



Compound- 

Present- 

Compound- 

Sinking- 

Present- 

Capital- 



amount 

worth 

amount 

fund 

worth 

recovery 


n 


factor 

factor 

factor 

factor 

factor 

n 



Given S 

Given R 

Given S 

Given R 

Given P 



Given F 

to find P 

to find S 

to find R 

to find P 

to find R 



to find S 

1 

(1 + iy -1 

i 

(1 4-1)» - 1 

f(l + 0" 



(1 -+• i)» 

(1 -t- t)" 

i 

(1 -t-t)" - 1 

i(l -4- ^)" 

(1 + f)" - 1 


1 

1.040 

0.9615 

1.000 

1.00000 


1.04000 


2 

1.082 

0.9246 

2.040 

0.49020 

1.886 

0.53020 


3 

1.125 

0.8890 

3.122 

0.32035 

2.775 

0.36035 


4 


0.8548 

4.246 

0.23549 

3.630 

0.27549 


6 

1.217 

0.8219 

5.416 

0.18463 

4.452 

0.22463 


6 


0.7903 

6.633 

0.15076 

5.242 

0.19076 

6 



0.7599 

7.898 

0.12661 

6.002 

0.16661 




0.7307 

9.214 

0.10853 

6.733 

0.14853 




0.7026 

10.583 

0.09449 

7.435 

0.13449 

9 

10 


0.6756 

12.006 

0.08329 

8.111 

0.12329 

10 

11 

1.539 

0.6496 

13.486 

0 07415 

8.760 

0.11415 

11 

12 

1.601 

0.6246 

15.026 

0.06655 

9.385 

0.106.55 

12 

13 

1.665 

0.6006 

16.627 

0.06014 

9.986 

0.1(Mil 4 

13 

14 

1.732 

0 5775 

18.292 

0.05467 

10,563 

0.09167 

14 

16 

1.801 

0.5553 

20 021 

0 04991 

11.118 

0.08994 

16 

16 

1.873 

0.5339 

21.825 

0.04582 

11,652 

0.08582 

16 

17 

1.948 

0.5134 

23 698 

0.04220 

12.166 

0.08220 

17 

18 

2.026 

0.4936 

25.645 

0.03899 

12.659 

0 07899 

18 

19 

2.107 

0.4746 

27.671 

0.03614 

13.134 

0.07614 

19 

20 

2.191 

0.4564 

29.778 

0.03358 


0.07358 

20 

21 

2.279 

0.4388 

31.969 

0.03128 

14.029 

0.07128 

21 

22 

2.370 

0.4220 

34.248 

0.02920 

14.451 

0.06920 

22 

23 

2.465 

0.4057 

36.618 

0.02731 

H mm 

0.06731 

23 

24 

2.563 

0,3901 

39.083 

0.02559 


0.06559 

24 

26 

2.666 

0.3751 

41.646 

0.02401 

S m 

0.06401 

26 

26 

2.772 

0.3607 

44.312 

0.02257 

15.983 

0.06257 

26 

27 

2.883 

0.3468 

47.084 

0.02124 


0.06124 

27 

28 

2.999 

0.3335 

49.968 

0.02001 


0.06001 

28 

29 

3.119 

0.3207 

52.966 

0.01888 


0.0.5888 

29 

30 

3.243 

0.3083 

56.085 

0.01783 

■h 

0.05783 

30 

31 

3.373 

0.2965 

59.328 

0.01686 

■Rn 

0.05686 

31 

32 

3.508 

0.2851 

62.701 

0.01595 


0.05595 

32 

33 

3.648 

0.2741 

66 210 

0.01510 


0.0.5510 

33 

34 

3.794 

0.2636 

69.858 

0.01431 


0.05431 

34 

36 

3.946 

0.2534 

73.652 

0.01358 

18.665 

0.05358 

36 

40 

4.801 

0.2083 

95.026 

0.01052 

19.793 

0.05052 

40 

46 

5.841 

0.1712 

121.029 

0.00826 

20.720 

0.04826 

46 

60 

7.107 

0.1407 

152.667 

0.00655 

21.482 

0.04655 

60 

66 

8.646 

0.1157 

191.159 

0.00523 

22.109 

0.04523 

66 

60 

10.520 

0.0951 

237.991 

0.00420 

22.623 

0.04420 

60 

66 

12.799 

0.0781 

294.968 

0.00339 

23.047 

0.04339 

66 

70 

15.572 

0.0642 

364.290 

0.00275 

23.395 

0.04275 

70 

76 

18.945 

0.0528 

448.631 

0.00223 

23.680 

0.04223 

76 

80 

23.050 

0.0434 

551.245 

0.00181 

23.915 

0.04181 

80 

86 

28.044 

0.0357 

676.090 

0.00148 

24.109 

0.04148 


90 

34.119 

0.0293 

827.983 

0.00121 

24.267 

0.04121 

90 1 


41.511 

0.0241 

1012.785 

0.00099 

24.398 

0.04099 

Eia 

100 

60.505 

0.0198 

1237.624 

0.00081 

24.505 

0.04081 

100 ] 
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TABLE 3.5 5 PEB CENT COMPOUND INTEREST FACTORS 



I Single payment 

1 Uniform p.'iyment .scries 



Coiripouinl- 

Present- 

Compound- 

.linking- 

I’resent- 

Capita!- 



amount 

worth 

amount 

fund 

worth 

rfH'()vorv 


n 

faetor 

factor 

factor 

factr)r 

factor 

factor 

7c 



Given S 

Given R 

Given .8 

Given R 

Civ'ui U 



Given P 

to find P 

to find N 

to find R 

to find P 

to find R 



to find <S 

1 

(1 -f i)’' - 1 

i 

(1 4- 0" - » 

t(l 4- t)" 



(1 + 0" 

(1 + i)" 

V 

(1 -f /)" - 1 

t(l -f 1 )” 

(\ 4 ?)" - 1 


1 

1.050 

0 9.52-1 


1.00000 

0 952 

1 0,5000 

1 

2 

1.10,3 

0 9070 

2.0.50 

0 48780 

1.859 

0..5.37S0 

2 

3 

l.l.'i.S 

0 S63S 

3.153 

0 31721 

2.723 

0 36721 

3 

4 

1.210 

0.8227 

4.310 

0.2.3201 

3..546 

0.28201 

4 

6 

1.276 

0.7835 

5..52G 

0.18097 

4.329 

0.23097 

6 

6 

1.3-10 

0.7462 

6.802 

0.14702 

5.076 

0.19702 

6 

7 

1 -107 

0.7107 

8.142 

012282 

.5.786 

017282 

7 

8 

1.177 

0.6768 

9..549 

0.10472 

6.463 

0.1.5472 

8 

9 

1..551 

0.6446 

11 027 

0.09069 

7 lOS 

0.14069 

9 

10 

1 020 

0.6139 

12..57 

0 07950 

7.722 

0 12950 

10 

11 

1 710 

0 .5817 

14.207 

0 07039 

8.306 

0.12039 

11 

12 

i 796 

0. .5.568 

15 917 

0.06283 

8 863 

0.112,S3 

12 

13 

1 SS6 

0.5303 

17 71.3 

0 05616 

9.394 

0.10646 

13 

14 

1 9S0 

0 .5051 

19 .599 

0 05102 

9 899 

0 10102 

14 

16 

2.079 

0.4810 

2) 579 

0,01634 

10 380 

0 096.34 

16 

16 

2 1S3 

0 4.581 

23.657 

001227 

10 838 

0 09227 

16 

17 

2 292 

0.4363 

25 810 

0 0.3870 

11 274 

0 08870 

17 

18 

2.-107 

0.41.55 

2.‘<.132 

0 035.5.5 

11.690 

0 08555 

18 

19 

2 .527 

0 39.57 

30 539 

0 03275 

12 0.85 

0 0,8275 

19 

20 

2.653 

0.3769 

33 066 

0 0302 1 

12.162 

O.nxO'2-l 

20 

21 

2 7S6 

0 3589 

35 719 

0 02800 

12 821 

0.07800 

21 

22 

2.925 

0 3418 

38 505 

0 02.597 

13.163 

t) 07597 

22 

23 

.3.072 

0.32.56 

41.4.30 

0 02 n 4 

13.1.89 

0 07414 

23 

24 

3 22.5 

0 3101 

11 .502 

0 02217 

13.799 

0 07247 

24 

26 

3.3S6 

0 295.3 

47 727 

0 1 )206,5 

14 094 

0 0709.5 

25 

26 

3.5.56 

0,2812 

.51 1!3 

0 019,56 

1 1.375 

0 06956 

26 

! 27 

3 733 

0 ‘Kw.S 

5 1 66.9 

0 01829 

11 61.3 

0.06829 

27 


3 920 

0 2.5.51 1 

5S 103 

0 01712 

1 1 S98 

0 06712 

28 

29 

4.116 

0 2129 i 

62 .323 

0 01C.05 

1.5 1 11 

0.06605 

29 

30 

4.322 

0.2314 j 

66.-139 

0 01,50,5 

1,5 372 

0.06.50,5 

30 

31 

4 53S 

0 2204 ' 

70 761 

0 01 113 

15..593 

0 06.113 

31 

32 

4.76.5 

0 2009 

75 299 

0.01328 

15.803 

0 06.328 

32 

33 

5.003 

0.1999 

80.064 

0.012-19 

16.003 

0 06249 

33 

34 

5 2.53 

0.1904 

85 067 

0 01176 

16.193 

0 06176 

34 

36 

.5. .516 

0 1SI3 

90 .320 

0 01107 

Ui..374 

0.0t;i07 

36 

40 

7.040 

0 1420 1 

120.800 

0.00828 

17.1.59 

0 0.5.828 

40 


8.9S5 

0.1113 1 

159.700 

0,00626 

17 774 

0.05626 

46 


11 167 

1 

0 0872 } 

209.348 

0.00 478 

18 2.56 

005178 

60 

66 

11 6.36 

0 0683 

272 713 

0 00367 

18 ft.33 

0.05367 

65 

60 

1S 679 

(1 .'535 

.353 .584 

0 00283 

18 929 

0,05283 

60 

66 

23S10 1 

0 ono 

456 798 

0.00219 

19.161 

0 05219 

65 

70 

.30 -126 

0 0.329 

588 529 

0,00170 

19.343 

0.(t5170 

70 

76 

3S S33 

0.02.58 

7.56.654 

0.00132 

19.485 

0.05132 

76 


•19.561 

0 0292 

971 229 

0 00103 

19..596 

0.05'.03 

80 

85 

63 2.54 

0.01.58 

1215 087 

0,00080 

] 9 684 

0 05080 

86 

90 

S().7.30 

0 0124 

1594 607 

0.00963 

19.7.52 

0.t),5063 

90 

96 

103.035 

0.0097 

2040.094 

0.00049 

19.806 

0.05049 

95 


131,501 1 

0 0076 

2610.025 

0.00038 

19.848 

0.0.5038 

100 
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TABI-E 3.6 6 PER CENT COMPOUND INTEREST FACTORS 



j Single p.iyment 


Uniform payment series 



7f 

Conipouiwl- 

airiount 

fa<'tor 

Prcfsent- 

worth 

factor 

Conipound- 

amoiint 

factor 

Sinking- 

fund 

factor 

Present- 

worth 

factor 

Capital- 

recov'ery 

factor 

}} 


r/iven P 
to find »S 
(1 ■+ 0” 

CJiven S 
to find P 

1 

0 + 0’‘ 

fliven R 
to find N 

(1 + ir - 1 

1 

Ciivcn .8 
to find R 

i 

(r+7r'“'1 

(liven R 
to find P 
(1 -1- z)- - 1 

t(i 4- /)" 

Ciivcn P 
to find R 

z(l + <)" 

(1 > z>“-'l 


1 

1.060 

0 9134 

1 00() 

1 00000 

0 913 

1.06.000 

i 

2 

1.124 

0 8900 

2 060 

0.4,8.544 

1 833 

0..54544 

2 

3 

1.191 

0.8396 

3 184 

0 31411 

2 673 

0.37411 

3 

4 

1.262 

0 7921 

4.375 

0.22859 

3 465 

0.288,59 

4 

6 

1.338 

0 7173 

5 637 

0.17740 

4.212 

0 23740 

5 

6 

1.419 

0 7050 

6 975 

0 11336 

4 917 

0 20.336 

6 

7 

l..')04 

0.6651 

8 394 

0 11914 

5..5,82 

0 17911 

7 

8 

l..i91 

0 6274 

9 ,897 

0.10101 

6.210 

0.16104 

8 

9 

1.689 

0 .5919 

11.491 

0.08702 

6.,802 

0.1 1702 

9 

10 

1.791 

0..5584 

13.181 

0 07.587 

7 360 

0.13,587 

10 

11 

1 898 

0 5268 

14 972 

0 06.679 

7,8.87 

0 12679 

11 

12 

2.012 

0 1970 

16.870 

0 05928 

S 381 

0 11928 

12 

13 

2.133 

0.1688 

18.882 

0.0.5296 

8 8.53 

0.11296 

13 

14 

2.261 

0 4123 

21 015 

0 017.58 

9.29,5 

0 107.58 

14 

16 

2 397 

0 4173 

23.276 

0 01296 

9.712 

0 10296 

16 

16 

2 .">10 

0 3936 

2.5 673 

0 0389.5 

10 106 

0 09895 

16 1 

17 

2 603 

0.371 1 

2S.213 

0.03.5 11 

10.477 

0.09,54 1 

17 

18 

2.S.->1 

0.3.503 

30 906 

0 032:-!6, 

10.828 

0 09236 

18 

19 

3 026 

0 330.5 

.33 760 

0 0296.2 

1 1 1.58 

o.()S9i;2 

19 

20 

3 207 

0 3118 

36.786 

0.02718 

11 170 

0 087 IS 

20 

21 

3.100 

0.2912 

39.993 

0 02.500 

11.761 

0 08500 

21 

22 

3 604 

0,2775 

43 392 

0.02.<O5 

12 042 

0 0S30.5 

22 

23 

3.820 

0.2618 

46.996 

0 02128 

12 .303 

0 08128 

23 

24 

4.019 

0.2470 

50.816 

0 01968 

12 .5,50 

0.07968 

24 

26 

4.292 

0 2330 

.54.865 

0.01823 

12 783 

0 07S23 

26 

26 

4..549 

0.2198 

.59 1.56 

0 01690 

13 003 

0,07600 

26 

27 

4.822 

0.2074 

63.706 

0 01.570 

13.211 

0 07.570 

27 

28 

.5.112 

0 19.56 

68 528 

0 01 1.59 

13.106 

0 071.59 

28 

29 

.5 4 18 

0 1816 

73 610 

0 013.58 

13 ,591 

0 07.358 

29 

30 

n 743 

0.1711 

79 058 

0.0121)5 

13.76.5 

0 0726)5 

30 

31 

6 088 

0.1643 

81.802 

0 01179 

13 929 

0 07179 

31 

32 

6.1,53 

0 1.5.50 

90,890 

0 01100 

14.084 

0 07100 

32 

33 

6 811 

0 1162 

97.313 

0 01027 

14.230 

0.07027 

33 

34 

7 2.51 

0 1379 

104 1,84 

0 0096.0 

11 36.8 

0 0696.0 

34 

36 

7.686 

0.1301 

111.435 

0 00.897 

14.198 

0.06.897 

36 

40 

10.286 

0 0972 

151.762 

, 0 00616 

15 046 

0.06616 

40 

46 

13 76.5 

0.0727 

212 744 

0 00170 

15,4.56 

0 06.170 

46 

60 

18.420 

0.0,543 

290.336 

0.003 It 

15 76.2 

0 06341 

60 

66 

21 6.50 

0 0106 

391 172 

0 002.51 

15 991 

0 06251 

66 

60 

32.988 

0.0303 

.533 128 

0 OOlSS 

16 161 

0 061.88 

60 

65 

11.11.5 

0 0227 

719 083 

0 00139 

16 289 

0 06139 

66 

70 

.59 076 

0.0169 

967.932 

0.00103 

16 38.5 

0.06103 

70 

76 

70 -r,? 

0 0126 

1300.919 

0 00077 

16.156 

0 06077 

76 

80 

10.5.796 

0 0095 

1716.600 

0 00057 

16 .509 

0 060,57 

80 

86 

111.579 

0.0071 

2342.982 

0.00013 

16.519 

0 06.013 

86 

90 

189 46.5 

0.0053 

3141.075 

0.00032 

16 .579 

0.06.032 

90 

96 

2.53 516 

0.0039 

4209 104 

0 00024 

16.601 

0.06024 

95 

100 

339.302 

0.0029 

5638.368 

0,000 IS 

16.618 

0.06.018 

100 
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TABLE 3.7 7 PER CENT COMPOUND INTEREST FACTORS 



Single payment | 

Uniform payment series 



Compound- 

Present- 

Compound- 

Sinking- 

Present- 

■gmjgi 



amount 

worth 

amount 

fund 

worth 



n 

factor 

factor 

factor 

factor 

factor 


n 



Given S 

Given li 

Given N 

Given Ji 

Given P 



Given P 

to find P 

to find S 

to find R 

to find P 

to find R 



to find 

1 

(1 + J)" - 1 

i 

(1+0” - 1 

?,(1 -i- 0” 



(1 4- 0" 

(1 -f t)” 

t 

(1 -f- 0" - 1 

/O +'0" 

(1 + 0" - 1 



1 070 

0.9346 

1.000 

1.00000 

0.935 

1.07000 

1 


1.145 

0.8734 

2.070 

0.48309 

1.808 

0.55309 

2 


1.225 

0.8163 

3.215 

0.31105 

2 624 

0.38105 

3 


1.311 

0.7629 

4.440 

0.22523 

3.387 

0.29523 

4 

5 

1.403 

0.7130 

5 751 

0.17389 

4.100 

0.24389 

6 

6 

1.501 

0.6663 

7.153 

0.13980 

4.767 

0.20980 

6 

7 

1.606 

0.6227 

8.654 

0.11555 

5.389 

0.18555 


8 

1.718 

0.5820 

10 260 

0.09747 

5.971 

0.16747 


9 

1.838 

0.5439 

11.978 

0.08349 

6.515 

0.15349 



1.967 

0.5083 

13.816 

0.07238 

7.024 

0.14238 

10 

11 

2.105 

0.4751 

15.784 

0.06336 

7.499 

0.13336 

11 

12 

2.252 

0.4440 

17.888 

0.05590 

7.943 

0.12590 

12 

13 

2.410 

0.4150 

20.141 

0.04965 

8.358 

0.11965 

13 

14 

2.579 

0.3878 

22.550 

0.04434 

8.745 

0.11434 

14 

16 

2.759 

0.3624 

25.129 

0.03979 

9.108 

0.10979 

15 

16 

2.9.52 

0.3387 

27.888 

0.03586 

9.447 

0.10586 

16 

17 

3.159 

0.3166 

30.840 

0 03243 

9.763 

0.10243 

17 

18 

3.380 

0.29.59 

33 999 

0.02941 

10.059 

0.09941 

18 

19 

3.617 

0.2765 

37 379 

0.02675 

10.336 

0.09675 

19 

20 

3.870 

0.2584 

40.995 

0 02439 

10.594 

0.09439 

20 

21 

4.141 

0.2415 

44 865 

0.02229 

10.836 

0.09229 

21 

22 

4.430 

0.2257 

49.006 

0.02041 

11.061 

0.09041 

22 

23 

4.741 

0.2109 

53.436 

0.01871 

11.272 

0.08871 

23 

24 

5.072 

0.1971 

58.177 

0.01719 

11.469 

0.08719 

24 

25 

5.427 

0.1842 

63.249 

0.01581 

11.654 

0.08581 

26 

26 

5.807 

0.1722 

68.676 

0.01456 

11.826 

0.08456 

26 

27 

6.214 

0.1609 

74.484 

0.01343 

11.987 

0.08343 

27 

28 

6.649 

0.1504 

80.698 

0.01239 

12.137 

0.08239 

28 

29 

7.114 

0.1406 

87 347 

0.01145 

12 278 

0.08145 

29 

30 

7.612 

0.1314 

94.461 

0.01059 

12.409 

0.08059 

30 

31 

8.145 

0.1228 

102.073 

0.00980 

12.532 

0.07980 

31 

32 

8.715 

0.1147 

110.218 

0.00907 

12.647 

0.07907 

32 

33 

9.325 

0.1072 

118.933 

0.00841 

12.754 

0.07841 

33 

34 

9.978 

0.1002 

128.259 

0.00780 

12.854 

0.07780 

34 

35 

10.677 

0.0937 

138.237 

0.00723 

12.948 

0.07723 

35 

40 

14.974 

0.0668 

199.635 

0.00501 

13.332 

0.07501 

40 

45 

21.002 

0.0476 

285.749 

0.00350 

13.606 

0.07350 

46 

60 

29.457 

0.0339 

406.529 

0.00246 

13.801 

0.07246 

50 

65 

41.315 

0.0242 

575.929 

0.00174 

13.940 

0.07174 

56 

60 

57.946 

0.0173 

813.520 

0.00123 

14.039 

0.07123 

60 

65 

81.273 

0.0123 

1146.755 

0.00087 

14.110 

0.07087 

66 

70 

113.989 

0.0088 

1614.134 

0.00062 

14.160 

0.07062 

70 

76 

159.876 

0.0063 

?269.657 

0.00044 

14.196 

0.07044 

76 

80 

224.234 

0.0045 

31S9.063 

0.00031 

14.222 

0.07031 

80 

85 

314.500 

0.0032 

4478.576 

0.00022 

14.240 

0.07022 

86 

90 

441.103 

0.0023 

6287.185 

0.00016 

14.253 

0.07916 

90 

96 

618.670 

0.0016 

8823.854 

0.00011 

14.263 

0.07011 

95 

100 

867.716 

0.0012 

12381.662 

0.00008 

14.269 

0.07008 

100 
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TABLE 3.8 8 PER CENT COMPOUND INTEREST FACTORS 



Single payment ( 

Uniform payment seriefl 



Compound- 

Present- 

Compound- 

Sinking- 

Present- 

Capital- 



amount 

worth 

amount 

fund 

worth 

recovery 


n 

factor 

factor 

factor 

factor 

facitor 

factor 

n 



Given <8 

Given R 

Given iS 

Given R 

Given P 



Given P 

to find P 

to find S 

to find R 

to find P 

to find R 



to find iS' 

1 

(1 -h - 1 

i 

(1 -1- t)" - 1 

z{l -f- lY 



(1 + i)" 

(1 + iY 

i 

(1 -f iY - 1 

J(1 +■ iY 

(1 -f iY - 1 


1 


0.9259 

1.000 

1.00000 

0.926 

1.08000 

Ki 

2 


0.8573 

2.080 

0.48077 

1.783 

0.56077 

Kl 

3 


0.7938 

3.246 

0 30803 

2.577 

0.38803 


4 


0.7350 

4.506 

0.22192 

3.312 

0.30192 

Kl 

6 


0.6806 

5.867 

0.17046 

3.993 

0.25046 

6 

6 

1.587 

0.0302 

7.336 

0.13632 

4.623 

0.21632 

6 

7 

1.714 

0.5835 

8.923 

0.11207 

5.206 

0.19207 

7 

S 

1.851 

0.5403 

10.037 

0.09401 

5.747 

0.17401 

8 

9 

1.999 

0.5002 

12.488 

0.08008 

6.247 

0.16008 

9 

10 

2.159 

0.4632 

14.487 

0.06903 

6.710 

0.14903 

10 

11 

2.332 

0 4289 

16.645 

0.00008 

7.139 

0.14008 

11 

12 

2.518 

0.3971 

18 977 

0 05270 

7..536 

0.13270 

12 

13 

2.720 

0.3077 

21.495 

0 04052 

7.904 

0.12652 

13 

14 

2 937 

0.3405 

24.215 

0.04130 

8.244 

0.12130 

14 

16 

3.172 

0.3152 

27.152 

0.03083 

8.559 

0.11683 

16 

16 

3.420 

0 2919 

30 324 

0.03298 

8 851 

0.11298 

16 

17 

3.700 

0.2703 

33 750 

0.02903 

9 122 

0.10963 

17 

18 

3.990 

0.2.502 

37.450 

0.02070 

9.372 

0.10670 

18 

19 

4 310 

0 2317 

41 110 

0.02113 

9.604 

0.10413 

19 

20 

4.G01 

0.2115 

45.702 

0.02185 

9.818 

0.10185 

20 

21 

5.034 

0.1987 

50 423 

0 01983 

10.017 

0.09983 

21 

22 

5.437 

0.1839 

55.457 

0.01803 

10 201 

0 09803 

22 

23 

5.871 

0.1703 

60.893 

0 01012 

10.371 

0.09042 

23 

24 

0 311 

0.1.577 

66.705 

0 01498 

10 529 

0.09498 

24 

26 

0.818 

0.1400 

73.100 

0.01308 

10.675 

0.09368 

25 

26 

7.390 

0.1352 

79.9.54 

0.01251 

10.810 

0.09251 

26 

27 

7.988 

0.12.52 

87.351 

0 011 1.5 

10.935 

0.09145 

27 

28 

8.027 

0.11.59 

95 339 

0.01019 

11.051 

0 09049 

28 

29 

9.317 

0.1073 

103.900 

0.00902 

11 158 

0.08902 

29 

30 

10.003 

0.0994 

113.283 

0.00883 

11.2.58 

0.08883 

30 

31 

10.808 

0 0920 

123.340 

0.00811 

11 3.50 

0.08811 

31 

32 

11.737 

0.0852 

134.214 

0.00745 

11 435 

0.08745 

32 

33 

12.070 

0.0789 

145 951 

0.00085 

11.514 

0.08685 

33 

34 

13.090 

0.0730 

1.58.027 

0 00030 

11.,587 

0.08030 

34 

36 

14.785 

0.0070 

172.317 

0.00580 

11.655 

0.08580 

36 

40 

21.725 

0.0400 

2.59 057 

. 0.00380 

11.925 

0.08386 

40 

46 

31.920 

0.0313 

380.506 

0 00259 

12 108 

0.082,59 

46 

60 

40.902 

0.0213 

573.770 

0.00174 

12 233 

0.08174 

60 

66 

08 914 

0 0145 

848.923 

0 00118 

12.319 

0.08118 

66 

60 

101.2.57 

0.0099 

12.53 213 

O.OOOSO 

12.377 

0.08080 

60 

66 

148 780 

0 0007 

1847.248 

0.000.54 

12 410 

0.0,8054 

66 

70 

218.000 

0.0040 

2720 (ISO 

0 00037 

12413 

0 08037 


76 

321.205 

0.0031 

1002.557 

0.00025 

12.401 

0.08025 

76 

80 

171.955 

0.0021 

58.S0.935 

0 00017 

12.474 

0.08017 

80 

86 

093.450 

0 0014 

80.5.5,700 

0.00012 

12.482 

0 08012 

86 

90 

1018.915 

0.0010 

12723 939 

0 00008 

12.188 

0 08008 

90 

96 

1497.121 

0.0007 

18701..507 

0.00005 

12.492 

0.08005 

96 

100 

2199.761 

0.0005 

27181.510 

0.00004 

12.494 

0.08004 

100 
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TABLE 3.9 10 PER CENT COMPOUND INTEREST FACTORS 



Single payment 



Present- 



worth 

n 


factor 



Given N 


Given R 

to find R 


to find S 

1 


(1 -1 lY 

(1 + i)" 

i 

1.100 

0.9091 

2 

1.210 

0.8264 

3 

1..331 

0.7513 

4 

1.404 

0.0830 

6 

I.Oll 

0.0209 

6 

1.772 

0.5045 

7 

1 949 

0.5132 

8 

2 144 

0.4005 

9 

2..3.58 

0 4241 

10 

2 .591 

0.3855 

11 

2 853 

0 3.505 

12 

3 138 

0 3180 

13 

3 1.52 

0 2H97 

14 

3.797 

0 2033 

16 

4 177 

0.2394 

16 

1 .595 

0.2170 

17 

.5.0.54 

0 1978 

18 

5 500 

0 1799 

19 

0 110 

0.103.5 

20 

0.727 

0.1480 

21 

7.400 

0.13.51 

22 

8.140 

0.1228 

23 

8 954 

0 1117 

24 

9.S.50 

0.101.5 

25 

10.835 

0.0923 

26 

11.918 

0.0839 

27 

13.110 

0 0703 

28 

14.421 

0.0093 

29 

15.803 

0 0030 

30 

17.419 

0.0.573 

31 

19.194 

0 0.521 

32 

21 114 

0 0474 

33 

23.225 

0.0431 

34 

25 .548 

0.0391 

36 

28.102 

0.03.56 

40 

45.2.59 

0 0221 

46 

72 890 

0.0137 

50 

117.391 

0.008.5 

66 

189 0.59 

0 0053 

60 

304.482 

(j 0('33 

66 

490 371 

0 .(K*2'* 

70 

789 747 

0.00(3 

75 

1271.895 

0.0008 

80 

2018,400 

0.000.5 

86 

3298.909 

0.0003 

90 

.5313 023 

0 0002 

95 

8.5.50 070 

0.0001 

100 

13780 012 

0.0001 


Uniform payment series 


Comi)ound 

amount 


(liven R 
to find .SJ 


4 (i41 
0.105 

7.7i6 

9.4S7 

11.430 

13.579 

15.937 


(liven * 
to find R 


1.00000 
0.47019 
0 30211 
0.21547 
0 10380 

0.12901 
010541 
0.08744 
0 073f»1 
0.06275 


id -t- ^) 


1.730 

2.487 

3.170 

3 791 

4 355 
4.808 
5.335 


1 10000 
0 57f:)9 
0 10211 


0 20380 

0.22901 
0.205 11 
0.18744 
0 17301 
0.10275 


18 .531 
21.384 
24 .523 
27 975 
31 772 


0.05390 
0.04070 
0 01078 
0 03.57.5 
0.03147 


0.15.390 
0.14070 
0.14078 
0 1357.5 
0.13147 


35.9.50 
40.515 
4.5 599 
51.1.59 
57 275 


0.02782 
0 02400 
0.02193 
0 019.55 
0.01740 


0.127.82 
0 12400 
0.12193 
0.1 19.55 
0.11740 


04.(402 
71.403 
79 .543 
88.497 
98.347 

109 182 
121.100 
134.210 
148 031 
!()! 491 


0 01.502 
0 01401 
0 01257 
0 011.30 
0 01017 

0 00910 
0.00820 
0.00745 
0 00073 
O.OOOOS 



0 11.502 
0 11401 
0 11257 
0 111.30 
0 11017 

0.10910 
0.10820 
0.10745 
0.10073 
0.10008 


181.913 
201 138 
222 252 
24.5 477 
271.024 

442 593 
718 905 
1103 WO 

1880 .591 
3034.810 
4893.707 
7887.470 
12708 954 

20474.002 
32979.090 
.53120 220 
8.5,5.50.700 
137790.123 


0.005.50 
0.00497 
0 004.50 
0 00407 
0.00309 

0.00220 

0.00139 

0.00080 

0 00053 
0 00033 
0.00020 
0.00013 
0.00008 

0.00005 
0.00003 
0.00002 
0 00001 
0.00001 



0 10.5.50 
0.10197 
0.104.50 
0.10407 
0.10309 

0.10220 
0.10139 
010080 

0.100.53 
0.10033 
0.10020 
0.10013 
0.10008 

0.10005 

0.10(K)3 

0.10002 

O.KXIOI 

0.10001 
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TABLE 3.10 CAPITAL-RECOVEEY FACTORS FOR INTEREST RATES FROM () PER 
CENT TO 50 PER CENT 


Given P, to Find R 

<(1 + i ) " 

(1 4- i>" ~ 1 


ft 













s‘’; 

10'L 

12';; 

ir.% 

20';, 


30";. 

40';. 

.70' 1 

n 


1 .(leiioo 

1 OSOOO 

1 101)1)0 

1.12000 

1 y.000 

1 20000 

1 2.'.i)00 

1 30(100 

1 40000 

1 .70OO0 

1 


0 .‘il.'iU 

0 ,>0077 

o.:)7(>i') 

0 .'.9170 

0.1.1.‘.]2 


n 00141 

0 73178 

f) Sit»h" 

o.oooeo 

2 


0 37411 

0 3SS03 

0 40211 

0 no'i.'. 

0 43708 

0 47173 

0 .■,12.10 

0 

0 i.2'i:i6 

0 7 1 ( 1.1 

3 


0 2.SS,'j9 

o.aoi')2 

0.31.'>47 

0 ,12023 

0 :i,'>027 

0 3.8620 

0 42341 

0.16163 

0 34077 

0.02 >08 

4 


0 . 2:17 10 

0 2.M)4t> 

0 20380 

0 27741 

0 20832 

0 33 43,8 

0.37184 

0 410.78 

0 49136 

0 .77.782 

6 

6 

0 2o;«c> 

0 2111.12 

0.220L 1 

0 2 l323 

0 2t.424 

0 30071 

0.33882 

0 37810 

0.4612() 

((,.71812 

6 

7 

0 17914 

0 1920/ 

0 20.741 

0 21012 

0 21036 

1) 27712 

0 31034 

0 3.7687 

9 14102 

()..')3I08 

7 

8 

0 H>104 

0 17401 

01S741 

0 201 :io 

0.2228.'. 

0 2(.0(.l 

(1 30010 

0 31101 

0 1280! 

0 .720.10 

B 

9 

0 11702 

O.ltiOOS 

0 17304 

0 1K70S 

0.2O9.'.7 

0.24.808 

0 28870 

0 33121 

0 42034 

0.313.1.7 

9 


0 1:5.'>S7 

0,14903 

0 1027 :> 

0 1700S 

(1.10023 

0 23h.'>2 

0 28007 

0 .i2.44(. 

0.41132 

0.30823 

10 

11 

0 121.7') 

0 1iOOH 

0.1.>101) 

0 10842 

0.10107 

0 23110 

(1 27340 

0 31773 

0.11013 

0 ,70.7 ^ 7 

11 

12 

0 1102® 

0 i:i270 

014076 

0 16144 

0 l.®418 

0.22.V2() 

0 2684.7 

0 31.313 

0 10718 

0 .70388 

12 

13 

0 1 I■2•.t() 

0 12l>ri2 

(1 11078 


0 1701 1 

0 220(.2 

0 2()l,)l 

0 .11024 

0 40.710 

0 702.78 

13 


0 IO7.1S 

0 121.10 

0 I3.)7.', 

1) l.')()S7 

0 17 to') 

0 2I()®0 

(I 2(.17() 

0.30782 

1) 403(.3 

0..70172 

14 

16 

0 102'to 

0 llos3 

0 13147 

0 110®2 

0 17102 

0 21388 

0 J.V»1 J 

0 3030,8 

0 I023‘l 

().,70114 

16 

16 

0 O')®*).") 

0.1129S 

0 12782 

0 11330 

0 1670) 

0 21114 

0 23721 

0.301 78 

0 401,8,7 

()..70076 

16 

17 

0 09."j44 

0.100(13 

0.1210(1 

0.11040 

0 1(.037 

0 200 14 

0 j'j.’jro 

0 .{(13.71 

0 101.12 

0 .700.71 

17 

IS 

0 002:11 ■> 

O.KK.rO 

0 121"3 

0 137')4 

0 1(.31') 

0 20781 

0 231.70 

0.3026<l 

0 40001 

0 ,70034 

IS 

19 

n 

O.lOll.t 

o.ii'r.a 

(1 13,>70 

0.10134 

0 20t.i('. 

0 233(.0 

0 .10206 

0 10007 

0 .70023 

19 

20 

0 o.®7l;> 

O.I01.S.j 

0.11716 

0.13388 

0 :3(t70 

0 207.10 

0 2.7202 

0 .301.79 

0.40018 

0.300 lt> 

20 

25 

0 07®2.1 

0.1 lO.KlS 

0.11017 

0 127,-.0 

0.1.'.470 

0 20212 

0.2,700,'. 

0 300 43 

0 4000'.) 

(1 .70()()2 

26 

30 

0 0720,'. 

0 OS.®,®.! 

0 KXiOS 

0 12414 

0 ].')2.10 

0 2()08:> 

0.23031 

0 .{(Kill 

0 10002 

0 .7(1000 

30 

40 

n.ooi.ui 

0 o.®;iso 

0.10220 

0.12130 

0 

0 20014 

0 2.7003 

0 30008 

0 10(101 

0..700((() 

40 

00 

0 01)314 

0.0S171 

(1 1()()®6 

(1 12012 

0.1.'>(U4 

0,20002 

0.2.7000 

0.30001 

0 4')()()0 

0 .700(10 

60 

100 

0 000IS 

0 08004 

O.lOOOl 

0 12000 

0 1.■)()()() 

0.20000 

0 2.')000 

0,30000 

0.10(100 

0 .'>0000 

100 

00 

© 

1 

0 OSOOO 

0 10000 

0.12000 

0 1'.000 

0 20000 

0 2.'.0(K) 

0.30000 

0.40000 

0.30000 

00 


ous combinations of the three basic 
transfornialions just mentioned can be 
achieved, includins; suedi transformations 
ar- the conversion of an irreffiilar senes 
of payments into a uniform series of 
Xiayinents or a single payment at some 
particular time. 

C’omjiound interest tables giving in 
each case all six compound interest fac¬ 
tors for a single interest rate arc given 
in Tables 3.2 to 3.9, inclusive, for iiitcr- 
e.st rates of 2 per cent, 3 per cent, 4 per 
cent, 5 per cent, 6 per cent, 7 per cent, 
8 per cent, and 10 per cent, respectively. 
In addition. Table 3.10 gives capital- 
recovery factors only for various inter¬ 
est rates from fi per cent to 50 per cent. 

The mathematical derivation of the 
six compound interest factors may be 
found in book., on the mathematics of 


finance.* The mathematics involved is 
not at all difficult ami the actual Use of 
the factors is extremely simple. The ma¬ 
jor attention in this disciis.^ioii will be 
directed to the real meaning of each 
factor, how it can best be u.sed, and to 
ihe relationship between tlie several fac¬ 
tors. The mathematical expre-s.^on for 
each factor may be found at the head 
of each column in Tables 3 2 to 3.9. 

Tables 3.2 to 3.9 utilize standard .sym¬ 
bols to indicate various element.® utilized 
in coinjioiind mierest calculations, but 
many person.® jinder to think of these 
elements in terms of the words that 
describe them; thi.s obviates the iieee.®sily 

* .Also in Giant, Principles of En/jinecr- 
ing Economy, 3d ed.; Thuesen, Engineer¬ 
ing Economy. 
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TABLE 3.11 PRESENT-WORTH FACTORS FOR INTEREST RATES FROM 6 TO 
50 PER CENT* 


1 Given S, to Find P 

(1 + i)" 


n 

i 

n 

6 % 

8 % 

10 % 

12 % 

15% 

20 % 

25% 

30% 

40% 

50% 

1 

0.9434 

0.9259 

0.9091 

0.8929 

0.8696 

0.8333 

0.8000 

0.7692 

0.7143 

0.6667 

1 

2 



0.8264 

0.7972 

0.7561 


0.6400 

0.5917 

0.5102 

0.4444 

2 

3 

0.8396 

0.7938 

0.7513 

0.7118 

0.6575 

0.5787 

0.5120 

0.4551 

0.3636 

0.2963 

3 

4 


EM 

0.6830 

0.6355 

0.5718 

0.4823 

0.4096 


0.2603 

0.1975 

4 

6 

0.7473 

EB 

0.6209 

0.5674 



0.3277 

0.2693 

0.1859 

0.1317 

5 

6 

0.7050 

0.6302 

0.5645 

0.5066 

0.4323 


0.2621 

0.2071 

0.1328 

0.0878 

6 

7 

0.6651 

0.5835 

0.5132 

0.4.523 


0.2791 

0.2097 

0.1.594 

0.0949 

0.0585 

7 

8 

0.6274 

0.5403 

0.4665 

0.4039 

0.3269 

0.2326 

0.1678 

0.1226 

0.0678 

0.0390 

8 

9 

0.5919 

0.5002 

0.4241 

0.3606 

0.2843 


0.1.142 

0.0943 

0.0484 

0.0260 

9 

10 

0.5584 


0.3855 


0.2472 

0.1615 

0.1074 


0.0346 

0.0173 

10 

11 

0.5268 


0.3505 

0.2875 

0.2149 

0.1346 

0.0859 


0.0247 

0.0116 

11 

12 

0.4970 

0.3971 

0.3186 



0.1122 

0.0687 


0.0176 

0.0077 

12 

13 

0.4688 

0.3677 

0.2897 




0.0550 


0.0126 

0.0051 

13 

14 

0.4423 


0.2633 

0.2046 


0.0779 

0.0440 



0.0034 

14 

16 

0.4173 

0.3152 

0.2394 

0.1827 


0.0649 

0.0352 

BBS 


0.0023 

16 

16 

0.3936 

0.2919 

0.2176 

0.1631 



0.0281 

0.0151 


0.0015 

16 

17 

o.:^7i t 

0.2703 

0.1978 

0.1156 


Qnfml 

0.0225 

0.0115 


UllIUM 

17 

18 

0.3503 

0.2502 

0.1799 

0.1301 

Rfima 


0.0180 


0.0023 


18 

19 

0.3305 

0.2317 

0.1035 

0.1161 

0.0703 


0.0144 

0.0068 

0.0017 

Em^ 

19 

20 

0.3118 

0.2145 

0.148G 


0.0611 

QH| 

0.0115 




20 

26 


0.1460 


0.0588 



0.0038 




26 

30 

0.1741 


0.057;i 

0.03.34 


0.0042 

0 .tK)12 

EH] 



30 

40 

0.0972 

0.0460 

0.0221 


EESSa 


0.0001 




40 

60 

0.0543 

0.0213 

0.0085 

0.0035 

0.0009 

0.0001 





60 

100 

0.0029 

0.0005 

O.tKlOl 








100 


* Used by permission of H. G. Tliuesen. 


for nieriiorizing the meaning of abstract 
symbols. The-se symbols hav^e the follow¬ 
ing meanings: 

i = the interest rate per inter^t 
period. 

n = the mimber of interest jicriods. 

P = a present sura of money. 

P = a single end-oi-period payment 
in a series of n eqii..i payments 
made at uniform intervals, the 
entire series being equivalent to 
P. 

S = a sum of money n periods hence, 
which is equivalent to either P 
or R, at interest rate t. 


In most problems in engineering 
economy, it is satisfactory to consider 
that interest is compounded annually, 
in which case i is the interest rate per 
> ear, and n is the number of years. How- 
ev’cr, the tables may be used for any 
sort of compounding, such as semi¬ 
annually, quarterly, or monthly The rule 
IS that i represents the interest rate per 
period, and ?i represents the number of 
periods. Thus with quarterly compound¬ 
ing and a nominal interest rate of 8 per 
cent over a 12-year period, i would be 
2 ]ier cent and n would be 48. 

As was stated earlier, there is nc need 
to memorize symbols or derivations when 
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using compound interest factors, but the 
following mnemonic symbols for the six 
factors will save time in identifying them 
and m using them in problems and ex¬ 
amples: 

(SPCAF)" for Single-Payment Com¬ 
pound-Amount Factor 

(SPPWF)" for Single-Payment Present- 
Worth Factor 

(USCAF)" for Uniform-Series Com¬ 
pound-Amount Factor 

(SFF)“ for Sinking-Fund Factor 
(USP^T)" for Unifoi 'n-Series Present- 
Worth Factor 

(CRF)” for Capital-Recovery Factor. 

These mnemonic symbols are adapted 
from similar symbols developed by Clark 
Henderson of Stanford Research Insti¬ 
tute. 


3.1 SINGLE-PAYMENT COMPOUND- 

AMOUNT FACTOR 

It will be noted from the mathe¬ 
matical cxpre.ssion for each factor 
as given at the head of each column of 
Tables 3.2 to 3 9 that {1 + i)” is the ex¬ 
pression for the single-payment com¬ 
pound-amount factor, and also that the 
mathematical expression for each of the 
other factors contains this particular 
expression. Engineering handbooks and 
other non-financial handbooks often con¬ 
tain tables giving single-payment com¬ 
pound-amount factors but not the other 
five factors. In such cases, it is a simjile 
matter to calculate any of the other five 
factors from the single-payment com¬ 
pound-amount factor for any desired 
value of i and n. 

For that matter, if Tables 3.2 to 3.9 
do not include the desired interest rate, 
and if no other table is available, it 
is a very simple matter with modern 
calculating machines to determine 
any desired single-payment compound- 
amount factor. For example, if i = 1.5 
per cent and n = 15, the single-payment 
compound-amount factor will be (1 -f 
.015U®, which may also be indicated as 
(1 + .015) (1 -b .015)2 (1 + .015)* (1 + 


.015)8 = (1.015) (1.0302) (1.0614) 

(1.1265) = 1.2502. Calculations of this 
type may be performed very rapidly on 
modern calculating machines and may 
also be handled ea.sily bv means of 
logarithms. However, in most cases val¬ 
ues found by interpolation between fac¬ 
tors in available tables should be 
accurate enough; there is no particular 
point in seeking accuracy in these fac¬ 
tors that is greater than the accuracy 
of the data that are being used in the 
particular problem. 

It is a very simple matter to use the 
single-payment compound-amount fac¬ 
tor to find a future amount that is 
equivalent to a present amount, or in 
other words to find that future amount 
to which a present amount would in¬ 
crease at a certain compound interest 

T. , 20 

rate. For example, (SPCAF) is given 

in Table 3.5 as 2.653, and the compound 
amount of $1,000 after 20 years at 5 per 
cent compound interest is 1,000 (2.653) 
= $2,653. 


3.2 SINGLE-PAYMENT PRESENT- 
WORTH FACTOR 

This factor, when multiplied by a 
future amount, will give the pres¬ 
ent worth of that future amount. It is 
obvious that the single-payment present- 
worth factor is the reciprocal of the 
single-iiayment compound-amount fac¬ 
tor. As an example, the amount today 
(present worth) which will increase to 
$1,000 in 20 years at 5 per cent com¬ 
pound interest is 1,000 (SPPWF) = 
1,000 (0.3769) = $376.90. 


3.3 UNIFORM-SERIES COMPOUND- 
AMOUNT FACTOR 

4 

This factor, when multiplied by the 
amount of any payment of a uni¬ 
form cnd-of-period series, will give the 
total amount at the end of the series 
of payments that is equivalent to the 
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series of payments. As always, it is 
understood that when there is a series 
of payments, each payment is made at 

the end of its period. (USCAF) is 

Riven in Table 3.5 as 12.578, and if 
$1,000 is deposited in a fund at the end 
of each year for 10 years at 5 per cent 
compound interest, the amount in the 
fund at the end of 10 years will be 
1,000 (12.578) =$12,578. 


3.4 SINKING-FUND FACTOR 

This factor is used when it is de¬ 
sired to determine the magnitude 
of each of a scries of equal end-of-period 
payments that will increase to some 
desired amount at the end of the total 
period of time at the stated compound 
interest rate. It is obviously the recip¬ 
rocal of the uniform-series compound- 

20 

amount factor. (SFF) -o/ is given in 

Table 3.5 as 0.03024. If it is desired to 
build up a fund of $10,000 at the end 
of 20 years, making equal end-of-year 
sinking-fund pavments each year, and 
with compound interest at 6 per cent, 
each of these .sinking-fund pavments will 
be 10,000 (0.03024) = $302.40. 


3.5 UNIFORM-SERIES PRESENT- 
WORTH FACTOR 

This factor, when multiplied by 
one of a series of equal end-of- 
period payments, give.s the present worth 
at the beginning of the first period. 

(USPWF) is given in Table 3.5 as 

o /o 

7.722. Thus the present worth of a .‘•eries 
of 10 end-of-year payments, of $1,000, 
each with 5 per cent comi-oiind interest, 
is 1,000 (7.722) = $7,722. There are 
always several ways to express these 
traii?formation.s. For example, at 5 per 
cent compound interest, $7,722 now is 
equivalent to $1,000 at the end of each 
of the next 10 years. Also at 5 per cent 
compound interest, we could afford to 
make a single iiayinent of $7,722 now 


[3.4 

to avoid having to make payments of- 
$1,000 at the end of each year for the 
next 10 years. 


3.6 CAPITAL-RECOVERY FACTOR 

In engineering economy, this is by 

far the most important of the six 
compound interest factors. By means of 
this factor one can distribute a present 
amount uniformly over a future interval 
of time by means of uniform end-of- 
period amounts. This concept may be 
expre.'ised in a great many ways, one of 
them being the repayment of a loan 
through uniform annual end-of-year pay¬ 
ments, such as the loan repayment of 

plan 3 of Table 3.1. (CRF) is given in 

Table 3 5 as 0,23097. Thus the amount 
that must be paid back at the end of 
each year for 5 years in order to repay 
with 5 per cent interest a loan of $10,000 
IS 10,000 (0.2.3097) =$2,309.70. This, of 
course, was proved to be the correct 
amount by the calculations of plan 3 of 
Table 3.1.‘ 

It is obviou.s that the capital-recovery 
factor is the recijirocal of the uniform- 
senes jiresent-worth factor. Thus the six 
compound interest factors form three 
pairs in which the factors in each pair 
are reciprocals. 

There is an extremely important re- 
lation.^hip between the cajiital-recovery 
factor and the sinking-fund factor. It is 
not obvious from the mathematical ex- 
pres.sions at the top of the columns for 
the capital-recovery factor and the sink¬ 
ing-fund factor, but these expressions 
may readily be rearranged so as to prove 
that the capital-recovery factor is always 
equal to the sinking-fund factor plus 
the interest rate. An e.vainination of the 
values of the.se two factors in Tables 3.2 
to 3 9 will show that this is true for every 
value of n in all these tables. 

It was stated earlier that engineering 
handbooks and other nori-financial hand¬ 
books often coniain tallies for single- 
payment comi>ourid-amounf factors but 
not for the other five compound interest 
factors. Few of these handbooks contain 
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tables for capital-recovery factors, but 
some of them do contain tables for sink¬ 
ing-fund factors, from which a capital- 
recovery factor may easily be derived 
by simiily adding the interest rate to the 
appropriate sinking-fund factor. 

The reason why the capital-recovery 
factor is equal to the sinking-fund factor 
plus the interest rate may easily be ex¬ 
plained. It will be noted from jilans 
1 and 3 of Table 3.1 that a loan of 
$10,000 may be repaid in 5 years with 
interest at 6 per cent by paying $500 
interest at the end of each year plus 
$10,000 at the end of the 5-year period, 
or by paying $2,309.75 (partly interest 
and partly principal) at the end of each 
year of the 5-year jieriod. If the contract 
calls for payments according to plan 1 
but the borrower desires to pay off the 
principal of the loan in equal annual 
installments, he may make separate pay¬ 
ments of $1,809 75 at the end of each 
year for 5 years, and thus provide a 
.sinking fund of $10,000 to pay off the 
principal of the loan when it becomes 
due. Thus the interest payments of $500 
per year plu.s the sinking-fund payments 
of $1,809.75 per year are equal to the 
capital-recovery payments of $2,309.75 
per year, and the capital-recovery factor 
IS therefore equal to the sinking-fund 
factor plus the interest rate. 

3.7 TYPICAL COMPOUND INTEREST 

PROBLEMS 

Many problems involving com¬ 
pound interest may be expressed 
in several different ways, or perhaps it 
would be better to say that many prob¬ 
lems that seem to be quite different are 
really the same problem as far as the 
compound interest solution is concerned. 
In the form in which it is first stated, the 
followang problem is probably the most 
frequent of all compound interest prob¬ 
lems in engineering economy, and it will 
be noted that all of the eight different 
ways in which the problem is stated lead 
to the same solution;* 

* This problem is adapted from Example 
16, page 59, of Grant, Principles of- En- 


1. What is the equivalent uniform 
annual capital-recovery cost at 5 per 
cent interest of a machine having a first 
cost of $10,000, zero salvage value, and 
a life of 5 years? 

2. If $10,000 is invested in a machine 
with an estimated life of 5 years and 
zero salvage value, what is the equivalent 
uniform annual sum of interest and de¬ 
preciation, with interest at 5 per cent? 
(This is really plan 3, Table 3.1, with 
the investor replacing the lender .and 
anticipating that he will get his money 
back, plus 5 per cent interest, through 
the operation of the machine.) 

3. What annual saving for 5 year,? 
must be anticipated in order to jii.«tify 
a present expenditure of $10,000, if 
itioney is worth 5 per cent in thi.s jiar- 
ticular situation? 

4. What 5-year annuity can be pur¬ 
chased for $10,000, with interest at 5 jier 
cent? 

5. If $10,000 is deposited now, with 
interest at 5 per cent wh,at uniform 
amount could be withdrawm at the end 
of each year for 5 jears, with nothing 
to be left in the fund at the end of the 
5th year? 

fi. If $10,000 is loaned for 5 years at 
5 per cent interest, w’hat equal annii.al 
end-of-year payment would just repay 
the loan by the end of the 5 years? 
(This, of course, is plan 3, Table 3 I ) 

7. What is the uniform annual end-of- 
year payment for 5 years, w’ith 5 per cent 
interest, for which the present worth is 
$ 10 , 000 ? 

8. With interest at 5 per cent, what 
uniform end-of-year payment for 5 years 
IS equivalent to $10,000 now? 

'From the viewpoint of the mathe¬ 
matical solution, these are merely eight 
statements of the same problem, which 
may be solved by multiplying $10,000 

5 

by (CRF) . Thus, in each of these 

eight cases, the answer is 10,0(X) (0.23097) 
= $2,309.70. (In many cases, there will 

gi7ieenng Economy, 3d ed. There are 23 
of these worked-out examples, most of 
them stated in several different ways, 
which illustrate many different types of 
compound interest problems. 
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be slight differences in solutions that are really identical, because of a certain 

5 

rounding off of factors. Thus (CRF) may be stated as 0.23097, 0.230975, or 

0.2309748, depending upon the number of significant figures to which the factor is 
carried in the table used.) 

It was stated earlier that compound interest factors are used to make money 
amounts comparable where such amounts are not comparable in their original form. 
A single payment may be transformed into an equivalent senes of payments, or vice 
versa It is also possible by using several factors successively to transform any sort 
of irregular series of payments into a single jiayment at any specified time, or into 
any ilosired uniform series of payments. 

Siqiposc, for examjile, it is desired to convert the following very irregular series 
of payments into an equivalent uniform arinual senes of payments at 5 per cent 
interest over the stated 30-year period: 

$1,000 now and at 10 and 20 years from now 
$200 per year for the first 8 years 
$300 per year for the yeans 9 to 16, inclusive 
$200 per year for the years 17 to 23, inclusive 

$100 ])er year for the years 24 to 30, inclusive 

There are many ways to solve this problem, which i.s very simple in theory even 
if tedious m practice. In most cases where an iriegular senes is to be converted 
into a uniform series, it i.s best first to convert the irregular .senes into a single [lay- 
ment at either the beginning of the period (present worth) or at the end of the 
period (com]K)und amount). In almost all ca.ses, it is better to use the present-worth 

approach becau.'^e the values to be handled are so much more manageable. This 

problem will now be .-olved by finding the present worth of the entire senes of 
payments by means of two different methods. 

By the first method, the ]uesent worth is 


1,000 + 1.000(SPPWF)i?/„ -f l,000(SPP\VF)i?/„ -f- 200(USPWF)|% -b 300(USPWF)|% 
(SPPWF)|% -b 200(U!SPWF)I%(SPPVVF)i^4 -b 400(USPWF)^%(SPPWF)i|. = 

1,000 + 1,000(0.6139) -b 1,000(0.3769) -b 200(6.463) + 300(6.463)(0.6768) + 
200(5.786)(0.4581) -b 400(5.786) (0.3256) = 


1,000.00 -b 613.90 + 376.90 + 1,292.60 -b 1,312.20 -b 530.10 -b 753.60 = $5,879.30. 

When using the second method, it may be noted that there is a uniform payment 
of $200 per year for the entire 30-year period. Thus the calculations for finding the 
present worth of the entire series may be stated somewhat more simply as 

1,000 -b l,000(SPPVVF)i«^, -b l,000(SPPWF)f^. -f 200(¥SPWF)f% -b 
100(USPWF)|%(SPPWF)|% -b 200(USPWF)I%(SPPWF)f% = 

1,000(1.0 -f- 0.6139 -b 0.3769) 200(15.372) -b 100(6.463)(0.6768) -f 

200(5.786) (0.3256) = 1,990.80 -b 3,074.40 -b 437.40 -b 376.80 = $5,879.40. 


The desired equivalent uniform annual cost for the irregular series is, of course, 
6,879.40(CRF)t“% = 5,879.40(0.06505) = $382.50. 

Either of these two methras is perfectly straightforward and undoubtedly such 
methods are the safest to u.'^e. Howevc’-, in this ca.se there is another and considerably 
simpler method. An inspection of the data shows that the equivalent uniform annual 
cost for the three $1,000 payments is simply 1,000(CRF)6% = 1,000(0.12950) = 
$129.50. (This is true for each of the three $1,000 payments and therefore for the 
entire 30-year period.) Also there is no need to find the present worth of the $200 
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per year payment which extends over the entire period; it is already in the form 
finally desired. The present worth of the remaining irregular payments will be, as 
before, 100(6.463)(0.6768) + 200(5.786) (0.3256) = $814.20, and the equivalent uni¬ 
form annual cost for this part of the problem will be 814.20(0.06505) = $.53.00. The 
total equivalent uniform annual cost will be 129.50 + 200.00 + 53.00 = $382.50. 


4 . ANNUAL COST 

Most engineering economy studies 
involve both initial investments 
and subsequent annual disbursements. 
The typical .situation is for alternative 
A to have a higher fir-t cost but lower 
annual disbursements or longer life than 
alternative B. In determining whether 
the advantages of A due to lower an¬ 
nual disbursements or longer life are 
sufficient to justify the higher first cost, 
it IS necessary to make calculations that 
will produce comparable figures for the 
various alternatives. The three ways 
most often used to do this are: 

1. Annual cost. 

2. Present worth. 

3. Rate of return on additional invest¬ 
ment. 

The annual-cost method seems to be 
the most frequently used method, and 
its characteristics certainly are well 
adapted for use in the manufacturing 
industries for most kinds of engineering 
economy studies. Manufacturing execu¬ 
tives have long been familiar with the 
distribution of an investment over the 
life of an asset through depreciation 
charges, and, as will be pointed out a 
little later in this article, it is even 
satisfactory in many cases to use a 
so-called "straight-line depreciation and 
average interest” method that avoids 
the use of compound interest calcula¬ 
tions. However, it should be remem¬ 
bered that comparisons made by means 
of compound interest calculations are the 
only ones that are mathematically accu¬ 
rate, and, in addition, compound interest 
calculations are always at least as easy 
to use as the approximate methods so 
often recommended by persons who do 
not care to take the trouble to make the 
simple investigation that is required in 
order to understand the basis for com¬ 
pound interest calculations. 


4.1 EXACT vs. APPROXIMATE METHODS 

Plans 3 and 2 of Table 3.1 may 

be used to illustrate the exact and 
approximate methods of calculating the 
cost of recovering an investment of 
$10,000 in 5 years, with 5 per cent 
interest. As was pointed out earlier in 
this section, these two plan.s are equiva¬ 
lent to each other and produce exact 
results from the viewpoint of interest 
each year on the investment during that 
year. In addition, plan 3 may be used 
without change to determine the uniform 
annual cost of capital recovery, as the 
year-end payments are merely the initial 
investment multiplied by the capital- 

5 

recovery factor (CRF)g^. Thus plan 3 

of Table 3.1 illustrates the exact method 
of determining the annual cost of re¬ 
covering an investment for use in the 
annual-cost method. 

It will be noted that the year-end 
payments in plan 2 of Table 3.1 are really 
made up of two parts. The first part 
is the uniform reduction in the principal, 
and these uniform amounts of $2,000 
at the end of each year obviously cor- 
re.spond to <he straight-line depreciation 
charges for an a.sset with an initial invest¬ 
ment of $10,000 and a life of 5 years, 
with zero salvage value. The second 
part of the year-end payments is not 
usable directly in annual-co.st calcula¬ 
tions because what is required is a uni¬ 
form annual cost. In the ajiproximate 
method of calculating annual costs for 
capital recovery (generally called the 
method of ‘‘.straight-line depreciation and 
average interest”), the interest part of 
this annual cost is determined by simply 
taking the straight average of the interest 
that would be due each year on the un- 
repaid loan (or investment). It is obvi¬ 
ous that the ‘‘average interest” in plan 
2 of Table 3.1 is 
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500 + 100 

2 


= $300 


It ean readily be shown that for any 
life n, interest rate t, and investment P, 
the average interest as found by the 
approximate method will be 

C.-X'v") 

Using this formula for plan 2 of Table 
3 1, we find that the ‘‘average interest” 

IS 


1 0,000 X 0.05 ^^ 5 + 1 

as found above by merely averaging the 
several interest paj’ments shown in 
plan 2. 

Table 3.12 gives average interest fac¬ 
tors for use in determining the average 
annual interest when u.smg the a^iproxi- 
mate (straight-line depreciation and 
average interest) method. The average 
interest for any given situation is deter¬ 
mined by multiplying the first cost by 
the factor corresponding to the stated 
life and interest rate. For the situation 
of plan 2 of Table 3.1, the first cost is 
$10,0(X), the life is 5 year.', and the 
intere.st rate is 5 per cent. From Tabic 
3.12, the average intere.st factor is 0 0300, 
and the average interest is 10,000 
(0.0300) =■ $300 per year. 

Payments of $300 at the end of each 


^ = $300 
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year for 5 years total $1,500, which is 
exactly the same total as for the series 
of interest payments shown in plan 2 of 
Table 3.1. However, $300 per year for 
5 years is obviously not equivalent to 
the decreasing series of $500, $400, $300, 
$200, and $100 of plan 2 of Table 3.1; 
the decreasing series is obviously better 
for the recipient, since $2tXl is received 
4 years sooner and $100 is received 2 
years sooner. 

It is a simple matter to determine the 
uniform annual series that is actually 
equivalent to the decreasing series ol 
interest payments of plan 2 of Table 3.1, 
by finding the present worth of the series 
at the beginning of the series and then 
multijilying this by the capital-recovery 
factor. Thih calculation is as follows: 

[500(0.9524) -f- 400(0.9070) -f 300 

(0.8038) + 200(0.8*227) 4- 100(0.78.35)] 
(0.23097) = (47G.20 -f- 302.80 4- 2.59.14 
-f 164.54 -f- 78.35) (0 23097) = 

(1,.341.03) (0.23097) =.$309.74. 

It will be noted that thi.s accurate figure 
for the equivalent uniform annual cost 
of the decreasing intere.st senes when 
added to the depreciation figure of $2,000 
per year gives the same total for the 
equivalent uniform cost of caiulal re¬ 
covery (deiireciation plus interest) deter¬ 
mined in plan 3 of Table 3.1. 

A simple average of a series of de- 
crea.sing interest charges is always less 


TABLE 3.12 AVER.ACE I.VTEREST FACTOR.S FOR UiSE IN APPROXIM.ATE 
METHOD OF DETERMINING ANNUAL COST OF CAPITAL RE¬ 
COVERY 


n 

. 

t 

2 % 


4% 

** /V 

6 % 

70' 

• fO 

8 % 

10 % 

1 

O.OJOO 

0.0300 

0.0400 

0.0500 

0.0600 

0.0700 

0.0800 

0 1000 

2 

0.01.50 

0.0225 

0.0300 


0.0450 

0.05*25 

0.0600 

0.0750 

3 

0.01.33 

0.0200 

0.0*267 

■wonBM 

0.0400 

0.0467 

0.0533 

0.0667 

4 

0.01‘2.5 

0.0188 

0.0250 

0.0313 

0.0375 

0.0438 

0.0.500 

0.06*25 

5 

0.0120 

0.0180 

0.0210 

o.o;ioo 

0.03G0 

0.0420 

0.0480 

0.0600 

6 

0.0117 

0.017.5 

0.0*2.33 

0.0*292 

0.0350 

0.0108 

0.04G7 

0.0583 

7 

0.0111 

0.0171 

0.0229 

0.0286 

0.0343 

0.0400 

0.0457 

0.0571 

8 

0.0113 

0.0109 

0.0225 

0.0281 

0.0338 

0.0394 

0.0450 

0.0563 

9 

0.0111 

' 0.0167 

0 .02*22 

0.0278 

0.0333 

0.0389 

0.0444 

0.0556 

10 

0.0110 

0.0165 

0 .0*220 

0.0275 

0.0330 

0.0385 

0.0440 

0.0550 
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FIG. 3.1 IN.4;rCUR.\CY OF APPROXIMATE CAPITAL- 
RECOVERY FACTORS. 


than the accurate equivalent uniform 
annual value of the series. Figure 3.1 
show.s that for short lives and low inter¬ 
est rates the difference between the 
capital recovery costs as found by means 
of the exact and the .approximate meth¬ 
ods IS negligible, but that the inaccuracy 
increases materially for long live.« and 
high interest rates. For example, the in¬ 
accuracy in the two methods for the 
conditions of Table 3 1 has been found 
to be 12,309 75-$2,300 00 = S‘).75, or 
only about 0.4 per cent. The curves m 
Fig. 3.1 show that for lives of 10 years 
or less and for interest rates of 10 per 
cent or less the inaccuracy of the ap¬ 
proximate method will be 5 per cent or 
less. In view of the inherent inaccuracy 
of many of the data used in engi¬ 
neering economy studies, the approxi¬ 
mate method is iirobably accurate 
enough for most studies of manufacturing 
equipment, but not for buildings or other 
assets with prospective lives considerably 
longer than 10 years. 

Since It is the differences between al¬ 
ternatives that govern decisions in en¬ 
gineering economy studies, inaccuracies 
of similar magnitude in the calculation of 
annual costs for various alternatives may 


result in inaccuracies in the differences 
that are even le.'-s significant than the 
inaccuracies in the annual costs them¬ 
selves. liecause of the way the inaccura¬ 
cies of the approximate method affect 
total annual costs, a good rule to follow 
is that the approximate method should 
not be used when: 

1. Study-period lives are longer than 
10 years. 

2. Study-period lives are markedly 
different for the several alternatives. 

3. The relative inijiortance of initial 
investments and annual disbursements 
is markedly different for the several al¬ 
ternatives. 


4.2 EXAMPLE 1, ALTERNATIVES WITH 
EQUAL LIVES AND ZERO SALVAGE 
VALUES 

Machine A lias a first cost of $7,000 
and estimated annual cash dis¬ 
bursements during life of $2,500. Ma¬ 
chine B has a first cost of $10,000 and 
estimated annual cash disbursements 
during life of $2,000. Each machine is 
estimated to have a life of 10 years, with 
zero salvage value at the end of life 
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Minimum attractive rate of return is 
considered to be 6 per cent for either 
investment, when due consideration is 
given to the risks involved. 

Annual costs for the two machines by 
the accurate compound interest method 
are: 


Machine A 

Cap. rec. cost 7,000(0.13587) = $ 951 

Annual disbursements = 2,500 

Total annual cost = S3,451 

Machine B 

Cap. rec. cost 10,000(0.13587) = $1,359 

Annual disbursements = 2,000 

Total annual cost = $3,359 


Animal costs for the two machines by 
the approximate method are; 

Machine A 

Straight-line deprec. = S 700 

Average interest 7.000(0.0330) = 231 

Annual disbursements = 2,5(K) 

Total annual cost = $3,431 

Machine B 

Straight-line deprec. = $1,000 

10 

Average interest 10,000(0.0330) = 330 

Annual disbursements = 2,000 

Total annual cost = $3,330 

It will be noted that when annual costs 
are calculated by the accurate compound 
interest method, machine B appears to 
have an advantage over machine A of 
$92 per year, whereas when the approxi¬ 
mate method is used, the advantage 
appears to be $101 per year. This in¬ 
accuracy of $9 in the apparent advantage 
of B over A is much less than the 
inaccuracies in total annual cost of $20 
and $29 for A and B respectively when 
the approximate method is used to de¬ 
termine such cost. The reason for this 
is obviously the fact that the inaccuracies 
are in the same direction for both ma¬ 
chines. I'he inaccuracies of the approxi¬ 
mate method are, of course, in the 
investment part of the annual cost only, 


and in this case (because of equal lives 
and zero salvage values) the inaccuracies 
vary directly with the amount of the 
investment in each machine. 


4.3 EXAMPLE 2, ALTERNATIVES WITH 
POSITIVE SALVAGE VALUES 

When it is anticipated that there 
will be a positive salvage value at 
the end of the life of an asset, the most 
satisfactory way to determine the annual 
cost of capital recovery is to separate 
the investment into two parts, one be¬ 
ing the part that depreciates to zero, and 
the other being the salvage value itself. 
It is obviou.s that the only annual capital 
cost for the salvage-value portion of the 
first cost is the amount of the salvage 
value multiplied by the intere.st rate. 

Machine C has a first cost of .$8,000, 
with aiiticijiated salvage value of $2,000 
at the end of the estimated life of 10 
years, and prospective cash disburse¬ 
ments during life of $1,500 per year. 
Machine D has a first cost of $12,000, 
with anticipated .salvage value of $4,000 
at the end of the estimated life of 10 
)’ears, and prospective cash disburse¬ 
ments during life of $1,000 per year. 
Minimum attractive rate of return is 
6 per cent. 

Annual costs for the two machines by 
the accurate compound interest method 
are: 


Machine C 

Cap. rec. cost 6,000(0.13587) = $ 815 

Int on salv. val. 2,000(0.06) - 120 

Annual disbursements = 1,500 

Total annual cost ■= $2,435 

Machine D 

Cap. rec. cost 8,000(0.13587) = $1,087 

Int. on salv. val. 4,000(0.06) = 240 

Annual disbursements = 1,000 

Total annual cost = $2,327 


Annual costs for the two machines by 
the approximate method are: 
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Machine C 

.. 6,000 

Straight-lme deprec. ' 

Average interest 6,000(0.0330) 
Int. on salv. val. 2,000(0.06) 
Annual disbursements 

Total annual cost 

Machine D 

Straight-line deprec. 

Average interest 8,000(0.0330) 
Int. on salv. val. 4,000(0 06) 
Annual disbursements 

Tjtal annual coat 


= $ GOO 

= 198 

= 120 
= 1,500 

= *2,418 


= $ 800 

= 264 

= 240 

= 1,000 


= S2,304 


The apparent advantage of machine 
D over machine C is $108 per year by 
the accurate method and $114 per year 
by the approximate method. The inac¬ 
curacies in total annual cost are .$17 and 
$23 respectively for C and D when the 
approximate method is used to deter¬ 
mine such cost. 


4.4 EXAMPLE 3, ALTERNATIVES WITH 
DIFFERENT LIVES 

Structure E ha.s a first cost of 
$6,000, with anticijjated zero sal¬ 
vage value at the end of the estimated 
life of 10 years, and • pro.spective ca.sh 
disbursements during life of $1,100 per 
year. Structure F has a first cost of 
$20,000, with anticijialed .salvage value 
of .$5,000 at the end of the estimated life 
of 25 years, and prospective cash dis¬ 
bursements dining life of $(>00 per year. 
Minimum attractive rate of return is 5 
per cent. 

Annual costs for the two structures by 
the accurate compound interest method 
are: 

Structure E 


Cap. rec. cost 6,000(0.12950) 

= $ 777 

Int. on salv. val. 


Annual disbur-soments 

= 1,100 

Total annual cost 

= *1,877 

Structure F 


Cap. rec. cost 15,000(0.07095) 

= $1,064 

Int. on salv. val. 6,000(0.05) 

= 250 

Annual disbursements 

= 600 

Total annual cost 

- *1,914 


Annual co.sts for the two structures 
by the approximate method are: 


Structure E 

Straight-line deprec. 

Average interest 6,000(0.0275) 
Int. on sfilv. val. 

Annual disbursement.s 


= $ 800 
^ 165 

= 1,100 


Total annual co.et = $1,865 

Structure F 

Straight-line deprec. = $ 600 

25 

Average intere.st 15,000(0 0260) = 390 

Int. on aalv. val. 5,000(0.05) = 2.50 

Annual disbursements = 600 


3'otal annual cost = $1,840 

Recaiiso of the differences in the pro¬ 
spective lives of the two alternatives, 
and al.'-o tin* gre.ilor relative importance 
of the invo'-tnicnt jiortioii m F, the' 
in.'icciiiacv due to using the ajijiroxi- 
mate method i.^ much greater for F than 
for E (.$74 fur F and .$12 for E). Be¬ 
cause of thi.s, the apjjarent advantage 
foi E of .$.37 per year indicated by the 
accurate method is changed to an ap- 
jiarent advantage for F of .$25 per year 
when the approximate methotl is used 

A study of the re.-ult.s of thns example 
will demonstrate two important {loints 
that should be con.sidered w'hen making 
engineering economy studies. The first 
applies to all such studies and the second 
to the choice between (he accurate and 
apiiroxmiate methods when determining 
the equivalent uniform annual costs of 
various alternatives that are under con¬ 
sideration. 

, When the computed differences be¬ 
tween alternatives are small, the final 
decision must usually be based primarily 
upon differences that w’ere not reduced 
to money terms in the study itself, and 
that often cannot be so reduced. It is 
no longer safe to base decisions in these 
matters completely on a manager’s judg¬ 
ment, no matter how able and ex- 
penenced the manager may be, but 
judgment factors will always play an 
important part in these decisions, espe¬ 
cially when the computed differences in 
the tangible factors are small. 
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In this connection, it is well to note 
the advantage of using a study method 
that gives both the differences between 
alternatives and also the magnitudes 
from which the differences were obtained, 
as compared with using formulas that 
give merely differences between alterna¬ 
tives. True, it is the differences between 
alternatives that one is interested in, but 
often one needs to know more than the 
differences before one can make a jiroper 
decision. For example, consider the use 
of a formula that merely indicates that 
A. is better than B by $500 per year. If 
The annual costs of A and Ti are $1,000 
and $1,500 respectively, this difference 
IS certainly significant, whereas if the 
annual costs are $50,000 and $50,500 re¬ 
spectively, the difference would ordi¬ 
narily be meaningless Thi.s particular 
disailvant.Hge of using typical engineering 
economy formulas is not generally rec¬ 
ognized. 

I'he differences between the results 
obtained in examjile 3 when using the 
accurate and approximate methods dem¬ 
onstrate the undesirability of the aji- 
proxiniafe method where the several 
alternatives have considerable difference.s 
m pro.spective lives or in the relative 
importance of the investment poinon 
of the annual co^t The accurate com¬ 
pound interest method is .so simple m 
both theory and priiciice that it can be 
efficiently used with little effort. 

4.5 RION'TFICANCE OF DIFFERENCES IN 

LIVES OF ALTERN.ATIVBS 

In pxamjile 3, the solution by 

means of the accurate method indi¬ 
cated annual cost.s of $1,877 and $1,914 
respectively for E and F. However, these 
co.sts were fur a life of 10 years for E 
and of 25 years for F. 1 should be noted 
that the use of a life of 25 years for F 
implied not only an estima*^ that F 
could be used for that period, but, what 
is often even more significant, that the 
service for which E and F are both being 
considered would be required for at least 
25 yedrs. It is obvious that anything 
(including a discontinuance of the need 
for the service) that would reduce the 
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useful life of F below 25 years would 
tend to increase the annual cost if al¬ 
ternative F were selected. All other 
things being equal, one should favor the 
alternative with the shorter life, because 
of the risk that the need for the service 
may not extend beyond that period. In 
this case, even the tangible results indi¬ 
cate a slight advantage for the alterna¬ 
tive with the shorter life, and if there 
were no other important intangible fac¬ 
tors favoring F, it is probable that E 
would be selected. 

The fact that an alternative having a 
life longer than that of .«onio other possi¬ 
ble alternative is even being considered 
i.s proof that the chances are considered 
good that the service will be required 
during the longer period. Risks of this 
.sort should be given consideration 
through the value placed on the mini¬ 
mum attractive rate of return used in the 
study. Busmes,'^' profits cannot be secured 
without risk, but engineering economy 
studies should be made in ways that will 
as far as pos.sible measure the risks that 
are present in the particular situation 
being studied. 

The fact that the calculations of ex¬ 
am [fie 3 were made by merely calculating 
the prospective annual costs of E for 
10 years and of for 25 years not only 
implied that there was a reasonably good 
chance that the service would be required 
for 25 years (or el.se that F could be u.'* d 
for some similar puriio.se for the full 
25-year period) but also that if E were 
selected, the annual cost for its suioessor 
would also be $1,877 pei year. If there 
were reason to believe that the successor 
to E would have a different annu.al cost 
experience after it was installed, the 
study should take that into consideration 
through siiecitic calculations. However, 
it should be clearly understood that in all 
such studies the deci.sion that is made 
is merely a decision on what will be done 
now. 

5 . PRESENT WORTH 

The previous article explained how 

alternatives may be made compa¬ 
rable through the annual-cost method, 
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in which the first cost of an asset is 
distributed over the prospective life of 
the a-sfeCt and added to annual cash dis¬ 
bursements. This article wull explain a 
procedure that is practically the reverse 
of the annual-cost method, and that i.s 
called the present-worth method. This 
method also makes alternatives compa¬ 
rable, but does so by using; compound 
interest calculations to determine a 
single amount that is equivalent to the 
series of annual cash disbursements, and 
that is added to the first cost of the 
asset, so as to give a single amount that 
is equivalent to both the first cost and 
the annual cash disbursements. 


5.1 EX.AMPLE 4, AT.TERN.\TIVF.S WITH 
EQUAL LIVES AND ZERO SALVAGE 
VALUES 

In this e.x.'implc, the data of ex¬ 
ample 1 will be used to compare 
machines A and IJ by means of the 
present-worth method. The calculations 
are shown at the bottom of the page. 

These figures really mean that if $25,- 
400 were plaianl in a fund bearing 
interest at 6 per cent, all payments re¬ 
quired for the life of machine \ f-ould 
be made out of the fund, with nothing 
remaining in the fund at the end of 10 
years. The .$18,400 rem.iimng in the fund 
after the initial payment of $7,000 for 
the machine would be just sufficient to 
make the 10 annual cash disbiir-.cmoiits 
of $2,500 at the end of each year for 
the 10-year period. In a similar way, 
$24,720 jilaced in -a 0 jicr cent fund now 
would purchase machine B and also take 
care of the 10 annual cash disbursements 


of $2,000 at the end of each year for 
10 years. 

It is obvious that the present-worth 
figure of $25,400 and the annual-cost 
figure of $3,451 for machine A are 
equivalent to each other at 6 per cent 
compound interest for a 10-year period. 
$25,400(0 13587) = $3,451 and $3,451 
(7.3H0) —$25,400. The same is true for 
machine B and for all other alternatives: 
for which conijiound inlere.st calculations 
are made for both annual costs and pres¬ 
ent worths. 

The pre.scrit-worth calculations of this 
example indicate that B i.s better than A 
to the extent that the jiresent dejicsit 
at G per cent required to take care of 
all disbursement.s for 10 years, including 
the purchase of the machines, is $680 
less for B than for A. 


5.2 EXAMPLE .5, AT.TUllWTIVES WITH 
POSITIVE SALV\C.K VALUES 

It should be obvious that from the 
standiioint of coui])arability, ihe 
jirospect that an a.sset will have a posi¬ 
tive salvage value at the end of it.s life 
will reduce the present worth of the 
amounts required to own and operate 
the a.s.set by the present worth of the 
salvage value as of the time the asset is 
purchased. U-ing the data of example 2, 
the pre.sent worths for machines C and 
I) art a' shown on p. 130 

The present-worth calculations of this 
example iiulieate that 1) is better than 
C to the extent that the present, dejiosit 
at 6 per cent required to take care of all 
, disbursements for 10 years, including the 
purchase of the machines, is $796 less 


Machine A 


First cost 

PW of annual disbursements 2,500(7.360) 

= $ 7,000 
= 18,400 

Total PW of all disbursements for 10 years 

= $25,400 

Machine B 


First cost 

PW ol annual disbursements 2,000(7.360) 

= $10,000 
= 14,720 

Total PW of all diebursements for 10 years 

= $24,720 
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Machine C 

First cost = $ 8,000 

PW of annual disbursements 1,500(7.360) = 11,040 

Total PW of all disbursements for 10 years = $19,040 

Lp.sh: PW of salvage value 2,000(0.5584) = 1,117 

PW of net disbursements for 10 years = $17,923 

Machine D 

First cost = $12,000 

PW of annual disbursements 1,000(7.360) = 7,360 

'I’otal PW of all disbursements for 10 years = $19,360 

Less: PW of salvage value 4,000(0.5584) = 2,234 

PW of net disbursements for 10 years = $17,126 


for D than for C. $790(0.13587) “ $108. 
Thus the results of examples 2 and 5 are 
equivalent at 6 per cent compound 
interest. 


5.3 EXAMPLE 6, ALTERNATIVES WITH 
DIFFERENT LI\T:S 

When comparing alternatives by 
means of the present-worth 
method, it is necessary that the study 
period be the same for each alternative. 
For lives of 10 years and 25 years, as 
in example 3, it i.s necessary that the 
study period be the letist common mul¬ 
tiple of these lives (50 year^), and also 
that definite a.ssumptions be made as 
to the first cost of each renewal of an 


asset and as to the annual disbursements 
for the entire study period. It is usual 
to assume that the first cost of all re¬ 
newals and all annual disbursements will 
remain the same as at the beginning of 
the study period. Under these conditions, 
and using the data of example 3, the 
jiresenf worths for 50 years of structures 
E and F are as shown below 

The ])resent-worth calculations of this 
example indicate that E is better than 
F to the extent that the present deposit 
at 5 per cent required to take care of 
all d^^bursements for 50 years, including 
first cost of present and replacement 
structures, is $682 less for E than for 
F. As $(i82(0 05478) $37, the results 

of examples 3 and 6 are equivalent at 
5 {ler cent compound interest. 


Structure E 

First cost = $ 6,000 

PW of first renewal 6,000(0.6139) = 3,683 

PW of second renewal 6,000(0.3769) = 2,261 

PW of third renewal 6,0tKK0.23l4) = 1,388 

PW of fourth renewal 6,000(0.1420) = 852 

PW ol annual disbursements for 50 years 1,100(18.256) = 20,082 

PW of all diiibursements for 50 years = $34,266 

Structure F 

First cost = $20,000 

PW of first renewal 15,000(0.2953) = 4,430 

PW of annual disbursements tor 50 years 600(18.256) = 10,954 


PW of all disbursements for 50 years = $35,384 

Less: PW of final salvage value 5,000(0.0872) = 436 


PW^ of net disbursements for 50 years 


$34,948 
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5.4 ANNUAL COST VS. PRESENT WORTH 

Ejcamples 1 to 6 illustrate a type of 

problem found very frequently in 
the manufacturing industries, and it is 
obvious from an examination of the solu¬ 
tions that the annual-cost apiiroach is 
better than the present-worth approach 
for this type of problem. Neither of the 
two methods is inherently superior to 
the other, but it would seem that the 
annual-cost method is generally better 
where each alternative requires a single 
capital investment plu- annual disburse¬ 
ments that are estimated to be uniform 
over the study iieriod, whereas the pres¬ 
ent-worth method is generally better 
where there are several capital invest¬ 
ments during the study jieriod and an¬ 
nual disbursements may be expected to 
vary considerably during the study 
period. 

Selection of the method to be used 
in any given cri.«e should depend upon the 
existing conditions, but the annual-cost' 
method has characteristics that make it 
the better method for must engineering 
economy studies in the manufacturing 
industries. One great advantage is that 
manufacturing executives are more fa¬ 
miliar with the procedures used in the 
annual-cost method and are better able 
to interpret the results. A possible ob¬ 
jection to the present-worth method is 
that the average person does not &e<‘m 
to realize how great a difference in the 
mathematical figures may result from 
wdiat seems to be a small change in the 
interest rate. 


5.5 PRESENT-WORTH CONCEPT ESSEN¬ 
TIAL FOR MANY PURPOSES 

Although the annual-cost approach 
IS better than the present-worth 
approach in many engineering economy 
studies, it must be remembered that, in 
the final analysis, what one is justified 
in paying for or investing in a business 
property is the present worth of the 
prospective leceipts from the proiierty, 
the compound interest rate being the 
minimum attractive rate of return. There 
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are doubtless many cases where present- 
worth calculations w'ould be used if it 
were realized that they could he expected 
to give the best available information 
under the existing conditions. 


5.6 EXAMPLE 7, VALUATION OF A BOND 

A coriiorate bond (or any other 
interest-bearing obligation) may 
be valued by means of the present-worth 
method. For example, it is desired to 
determine how much one could afford 
to jiay for a S per cent, $l,(X)0 coriiorate 
bond due 20 years hence, if the mini¬ 
mum attractive rate of return on this 
inve,«1meiit is considered to be 4 per 
cent. Interest payments of $lo are made 
every 6 months, and the valuation will 
be made on llu basis of semi-annual com¬ 
pounding. In other words, m valuing the 
bond, i — 2 per cent, and n = 40 periods. 
On this basis, the valuation to be placed 
on the bond will be: 

PW of repayment of prin¬ 
cipal 1,000(0 4529) = $452.90 

PW of 40 interest payments 
15(27.355) = 410.30 

Valuation of bond to yield_ 

4 per cent = $863.20 

There will be only a slight inaccuracy 
if a bond is valued on the basis of 
annual compounding, with the a.ssiimp- 
tion that interest is paid only once a 
year. The inaccuracy is reduced by the 
fact that the inaccuracies m the present 
worths of the pnncqial and interest are 
in opposite directions and tend to cancel 
,cach other. 

When valuing any prospective future 
receipts, the proper procedure is first 
to estimate what the future receipts (and 
ilisbiirsements, if any) will be, and when 
each will occur. Then all that is neces- 
.sary is to find the net present worth of 
these dollar values. Note that the 3 per 
cent interest rate of the bond valued in 
example 7 did not enter the problem 
directly. What was pertinent to this 
problem was the fact that the prospec¬ 
tive receipts from the interest payments 
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were $15 at the end of each 6-month 
period for 20 years. 

Frequently the problem is to find the 
prospective rate of return on a bond 
that is offered at a certain price. Pub¬ 
lished bond tables give this information 
for many periods and many interest rates 
and yields, but the problem cannot be 
solved directly from ordinary compound 
interest tables, which do not give directly 
the value of an unknown interest rate. 
In the absence of bond table.s, the easiest 
w'ay to find an unknown yield is to 
a-ssume successive interest rates until the 
answer is found by the cut-and-try 
method. 


5.7 EXAMPLE 8, CAPITALIZED COST 

Sometimes the term “capitalized 

cost’’ is used synonymously with 
the term “present worth,’’ without re¬ 
gard to the length of the .‘^tiidy period, 
but more often caiiitalized cost means 
the present w'orth of periietiial service. 
The latter meaning will be used in this 
discussion. It is obvious that the capital 
recovery cost of an investment that lasts 
forever is merely the investment multi¬ 
plied by the interest rate. The reverse 
must also be true, in the sense that the 
present worth (capitalized cost) of a 
uniform annual future series that lasts 
forever is the value of the annual series 
divided by the interest rate. Using the 
data of examples 3 and 6, the capitalized 
cost of structures E and F are as below: 


[5.7 

The capitalized-cost calculations of 
this example indicate that E is better 
than F to the extent that the present 
deposit at 5 per cent required to take 
care of perpetual service with these 
structures, including both replacements 
and annual disbursements, is $745 less 
for E than for F. As $745(0.05) = $37, 
the results of examples 3, 6, and 8 are 
equivalent at 5 per cent compound in¬ 
terest. 

Some comments should be made on the 
calculations of example 8. It was ex¬ 
plained earlier that the capitalized cost 
of a perpetual uniform annual series is 
equal to the value of the series divided 
by the interest rate. Where one has a 
series of payments of equal amounts 
but with intervals greater than one year. 
It is a simjile matter to convert this 
senes to a uniform annual series. The 
perpetual senes of renewals for struc¬ 
ture E will require $6,000 every 10 years, 
and this requirement can be met by 
making a jierpetual uniform annual series 
of payments into a sinking fund that 
will amount at 5 per cent interest to 
$6,000 at the end of every 10 years. This 
perpetual series (6,000 X 0.07950) may 
in turn be converted into the necessary 
capitalized cost by dividing it by the 
interest rate, Thus the capitalized cost 
of providing for the perpetual series of 
renewals of structure E will be $9,540 
as calculated in example 8. 

There is a still more direct way to 
determine in a single calculation the 
capitalized-cost requirements for both 


Structure E 


First cost 

, . , . , , 6,000(0.07950) 

PW of perpetual senes of renewals - - 

= $ 6,000 

=« 9,540 

PW ,of perpetual annual disbursements ^ 

= 22,000 

Total capitalised cost 

= $37,540 

Structure F 

First cost 

, . . . , . 15,000(0.02095) 

PW of perpetual senes of renewals —'—^ 

= $20,000 

- 6,285 

600 

PW of perpetual annual disbursements -—- 

0.05 

- 12,000 

Total capitalized cost 

- $38,285 
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the initial investment in structure E and 
also the series of perpetual renewals. 
In example 3, the capital recovery cost 
of the investment in the first structure 
E was found to be 6,000(0.12950) = 
$777 per year. A perpetual series of 
$777 per year will therefore be equivalent 
to the investment in the perpetual series 
of structures E, including the first struc¬ 
ture E. The capitalized cost that is equiv¬ 
alent to this perpetual series will, of 
course, be 777/0.05 = $15,540. It will be 
noted that this is equal to the sum of the 
first two items in the calculations for 
structure E in example 8, which is ex¬ 
actly what it should be. 

It is evident from a comparison of 
examples 6 and 8 that in situations of this 
sort the calculations of the capitalized- 
cost method of example 8 are much less 
laborious than those of the present-worth 
method of example 6. The fact that this 
advantage of the capitalized-cost method 
can be secured only by making the 
generally unrealistic assumption of the 
perpetual-service requirement is not so 
serious an objection as it might seem to 
be at first glance. The capitalized-cost 
method would hardly eyen be considered 
unless the study period were quite long, 
and in compound interest calculations the 
difference between a long period and for¬ 
ever IS surprisingly small. For example, 
even with as low an interest rate as 
5 per cent, the capitalized co&ts of 
example 8 for perpetual service are 
less than 10 per cent greater than the 
present-worth costs of example 6 for 
a service of 50 years. Since the capital- 
recovery factor (the reciprocal of the 
uniform series present-w'orth factor) for 
infinite life is equal to the interest rate, 
it is a simple matter to determine the 
ratio of capitalized cost to present worth 
for any period of time and interest rate. 


5.8 SELECTION OF PRESENT-WORTH 
INTEREST RATE 

It wa.s pointed out earlier in this 
section that a possible objection 
to the present-worth method is the fact 
that the average person does not realize 


the great difference in the mathematical 
solution that may result from what 
seems to be an insignificant difference in 
the interest rate. The selection of the 
interest rate is both important and diffi¬ 
cult in engineering economy studies, no 
matter what method is used, but there 
can be no doubt that the selection of 
a reasonable in1,erest rate when using the 
annual-co.st method is made easier by 
the similarity of the problem to the 
way interest rates are set in other finan¬ 
cial situations. 

I’resent-w'orth problems are of two 
main cla.sses. In one, the interest rate 
should be low, and in the other the 
interest rate should be high. If the 
problem is to set an intere.st rate for use 
in calculating the amount of an endow¬ 
ment fund that will provide a certain 
future annual income, the interest rate 
should be that rate which can be ob¬ 
tained from an investment in securities 
involving a minimum risk of lo-ss. This 
will, of course, be a low interest rate. 

On the other hand, if the problem is 
to set an interest rate for detennining 
how much one can afford to invest in 
a machine that will afford a prospective 
future annual net .saving in cost, the rate 
should be high enough to take care of 
the ri.sks involved. In other words, one 
should ordinarily capitalize such pro¬ 
spective annual savings at a much higher 
interest rate than could Vie obtained 
from an investment in securities involv¬ 
ing a minimum risk of loss. 


6 . R.ATE OF RETURN ON ADDI¬ 
TIONAL INVESTMENT 

Many engineering economy studies 
involve comparisons where there 
are two or more alternatives with differ¬ 
ing investments and differing annual 
costs. The problem in its simplest form 
involves the question of whether it is 
desirable to invest an additional amount 
now in order to secure certain prospec¬ 
tive annual savings during the life of 
the investment. An examination of dis¬ 
cussions on this subject indicates that 
most formulas that have been proposed 
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for solving this proWem attempt to 
determine the rate of return that may 
be expected on the additional investment 
in the alternative having the higher first 
cost and the lower annual operating 
costs. (Some formulas approach the 
problem from a somewhat different view¬ 
point, and attempt to determine the time 
that would be required for the savings 
in annual operating ex 7 )enses to "pay 
for” the additional investment in the 
alternative with the higher first cost and 
the lower annual operating costs; this 
will be discussed later in this article.) 

As will be shown later in this dis¬ 
cussion, it is possible to determine the 
rate of return on the additional invest¬ 
ment in situations of this kind, but at 
best this is not a direct or simple com¬ 
putation. In spite of the great popularity 
of the formulas proposed for use in 
finding the rate of return on additional 
investments, the writer has never found 
one that is both economically sound and 
also simple enough to justify its use. 
Fortunately, there is no real need to use 
a formula in solving these problems; 
the annual-cost method discussed in an 
earlier article will ordinarily give infor¬ 
mation that is sufficient for making the 
decision, and can also be used indirectly 
to give the rate of return on the addi¬ 
tional investment where it is really worth 
while to obtain that particular infor¬ 
mation. 


6.1 EXAMPLE 9, RATE OF RETURN UN¬ 
DER SIMPLEST CIRCUMSTANCES 

This example will utilize the data 
of example 1, where the conditions 
of equal lives and zero salvage values 
make the determination of the rate of 
return on additional investment a com¬ 
paratively simple ma^’lf'r. One way to 
compare the alternatives in this example 
is to note that for an additional present 
investment of $3,000 in machine B there 
will be prospective savings in cash dis¬ 
bursements of $500 per year during the 
10-year period that represents the ex¬ 
pected life of each machine. Under the 


C« 

somewhat unusual circumstances of this 
very simple example, the rate of return 
on the additional investment in machine 
B is evidently that interest rate for which 
the capital-recovery factor for 10 years 
is 600/3,0(X) = 0.16667. There are no 
tables in which i is the unknown, but 
by interpolation between the 10-year 
capital-recovery factors (in Table 3.10) 
of 0.16275 for 10 per cent and 0.17698 for 
12 per cent, we find that the rate of 
return on the additional investment in 
machine B is approximately 10.6 per 
cent. It should be noted that even in this 
extremely simple situation this rate of 
return of approximately 10.6 per cent 
was not found directly by means of a 
formula. In fact, the writer does not 
know of any usable formula that could 
be employed to get this rate directly. 


6.2 EXAMPLE 10, RATE OF RETURN UN¬ 
DER MORE COMPLICATED CIRCUM¬ 
STANCES 

To be really useful, a formula or 
other method for finding the rate 
of return on additional investment must 
be usable under the general conditions of 
different lives and positive salvage values. 
In this example, the data of example 3 
will be used. It is obvious that under the 
more complicated circumstances of exam¬ 
ple 3, it is not possible to calculate a capi¬ 
tal-recovery factor corresponding to the 
rate of return on the additional invest¬ 
ment in structure F, as was done in 
example 9. It is also obvious that the 
rate of return on the additional invest¬ 
ment in structure F must be less than 5 
per cent, because the annual costs at 
5 per cent interest are greater for struc¬ 
ture F than for structure E. Assume a 
rate of 4 per cent, for which the annual 
costs are: 


Structure E 


Cap. rec. cost 6,000(0.12329} 

= $740 

Int. on salv. val. 


Annual disbursements 

= 1,100 

Total annual cost 

- $1,840 
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Structure F 

Cap. rec. coat 15,000(0.06401) *= $ 960 

Int. on salv. val. 5,000(0.04) » 200 

Annual disbursements » 600 

Total annual cost •« SI, 760 

It is obvious that the interest rate that 
will make the annual costs of the two 
structures equal must be between 4 per 
cent and 5 per cent. Interpolation shows 
the rate is approximately 4.7 per cent. 

It is obvious that the method used in 
example 9 to determine the rate of return 
on the extra investment in machine B is 
a correct method, and also that the 
annual costs will be the same for ma¬ 
chines A and B when calculated with an 
interest rate of 1C.6 per cent. 

It is not so obvious that the 4.7 per 
cent interest rate calculated in example 
10 is the rate of return on the extra in¬ 
vestment in structure F. It is evident 
that the prospective saving of $500 per 
year in annual disbursements with struc¬ 
ture F will be sufficient to recover the 
additional investment in structure F, at 
some interest rate greater than zero, 
when consideration is given to the greater 
prospective life of structure F and its 
expected salvage value. At the interest 
rate that makes the annual costs the 
same for the two structures, the two 
alternatives are financially equivalent, 
and therefore this interest rate is the rate 
of return on the extra investment in 
structure F. (If examples 6 and 8 are 
recalculated, using the interest rate of 
4.7 per cent found in example 10, both 
the present worths and the capitalized 
costs of these two examples will be found 
to be the same, further evidence that 
4.7 per cent is the rate at which the addi¬ 
tional investment in structure F is re¬ 
covered through the annual savings due 
to the use of structure F.) 

6.3 EXAMPLES 11 TO 13, APPROXIMATE 
BATE OF RETURN ON ADDITIONAL 
INVESTMENT 

Space limitations prevent even a 
listing of the various formulas and 
other similar methods that have been 


proposed for determining directly the 
rate of return on an additional invest¬ 
ment, where the alternative having the 
larger initial investment has lower annual 
disbursements during its life. As stated 
earlier, the writer does not know of any 
method that will determine this rate 
directly and that is also economically 
sound. This discussion will be limited to 
a review of one popular method in which 
the time value of money is completely 
neglected and which, as will be noted 
from examples 11 to 13, gives results that 
are quite different from the true rate of 
return as found by the compound inter¬ 
est methods of examples 9 and 10. In this 
approximate method, the annual cost of 
using each alternative is calculated by 
dividing the first cost less salvage value 
of each alternative by its estimated life 
(in effect, this is straight-hne deprecia¬ 
tion) and adding this to the average 
estimated annual cash disbursements 
during estimated life. The approximate 
rate of return is then found by dividing 
the saving in annual cost thus determined 
by the increased investment in the alter¬ 
native having the lower annual cost. 

Example 11. In this example, the data 
of examples 1 and 9 will be used. 
The average disbursements are evidently 
$3,200 per year ($700 for depreciation 
and $2,500 for annual cash disburse¬ 
ments) for machine A and $3,000 per 
year for machine B. If the saving of $200 
per year thus found is divided by the 
additional investment of $3,000 in B, the 
rate of return on the additional invest¬ 
ment appears to be 6.7 per cent. The 
true rate of return as found in example 
9 is approximately 10.6 per cent. 

Example 12. In this example, the data 
of example 2 will be used. Here the aver¬ 
age disbursements are $2,100 per year for 
machine C and $1,800 per year for ma¬ 
chine D, and the additional investment 
in machine D is $4,000. Hence the rate of 
return on the additional investment ap¬ 
pears to be 7.5 per cent. If the meth^ 
of examples 9 and 10 is applied to these 
data, it will be found that the true rate 
of return is approximately 9.2 per cent. 

Example 13. In this example, the data 
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of example 3 will be used. Here the aver¬ 
age disbursements are $1,700 per year for 
structure E and $1,200 per year for 
structure F, and the additional invest¬ 
ment in structure F is $14,000. Hence the 
rate of return on the additional invest¬ 
ment appears to be 3.6 per cent. The true 
rate of return as found in example 10 is 
approximately 4.7 per cent. 

A method that gives results so far 
from the correct results is certainly not 
a good method. It is sometimes argued 
that, since this method gives results that 
are always less than the correct results, 
the method is a conservative one. How¬ 
ever, as will be noted from the results 
of examples 11 to 13, the method is very 
erratic in the percentage of error under 
different circumstances, and if one wishes 
to be conservative in such matters, it 
seems more reasonable to select a method 
that is more dependable. 

This method is incorrect because the 
time value of money is neglected when 
calculating the average disbursements, 
including the investments, and because 
it is assumed that the investments remain 
undiminished during the study periods. 
Salvage values cause the error to be less 
percentagewise, as will be noted from 
the smaller errors of examples 12 and 13 
as compared with the error of example 
11 . 

Occasionally a method is used which is 
similar to this incorrect method, with the 
exception that some sort of average value 
is used for the additional investment. 
This average is generally considered to 
be one-half of the original value of the 
additional investment, but in a few rare 
instances there seems to be the same sort 
of adjustment by the factor (n-f l)/n 
as is used in determining the average 
interest rate in the approximate method 
of calculating average costs in examples 
1 to 3. This sort of averaging seems never 
to be used where there are salvage values 
and can hardly do anything except add 
still another complication without really 
increasing the soundness of the method. 

There are many other published meth¬ 
ods that are supposed to give the rate of 
return on additional investment and that 
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at first glance seem to do so. None should 
be used without a careful analysis of their 
economic soundness. 


6.4 RATE OF RETURN ON ADDITIONAL 
INVESTMENT IS SUPERFLUOUS 
INFORMATION 

In view of the great difficulty, if 
not the impossibility, of construct¬ 
ing a sound and simple method for ob¬ 
taining directly the rate of return on the 
additional investment, it is fortunate that 
this information is really not of any im¬ 
portance. Even if this information were 
readily available, no decision could be 
made in any given situation until it was 
determined what the minimum attractive 
rate of return was. After the minimum 
attractive rate of return is once estab¬ 
lished, it is a very simple matter to make 
annual cost calculations similar to those 
in examples 1 to 3. If the annual costs 
thus found are less for the alternative 
with the larger investment, it is obvious 
that the rate of return on the additional 
investment is more than the minimum 
attractive rate of return, and that the 
alternative having the greater investment 
should presumably be selected. Ordi¬ 
narily, any additional advantage which 
the alternative, with the greater invest¬ 
ment may have over the minimum at¬ 
tractive rate of return can just as well 
remain as so many dollars per year, as 
given in the annual cost solution. But if 
there is really an advantage in knowing 
the magnitude of the rate of return on 
additional investment, that can be found 
by methods like those of examples 9 and 
10 . 


6.5 THE “pay-off period” IS ALSO 
SUPERFLUOUS INFORMATION 

Many formulas and other methods 
have been proposed that are in¬ 
tended to determine how long it will take 
for savings in annual operating expenses 
to pay for an additional investment in 
the alternative with the greater first cost. 
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Here again, it does not seem possible to 
(detain this information directly in any 
sound and simple manner. In addition, 
it is not always clear just what such a 
proposed method is supposed to accom¬ 
plish. Sometimes all that is desired is 
the period during which the additional 
investment will be recovered without any 
return on the investment during re¬ 
covery. At other times, the recovery 
period is supposed to be that period 
during which the investment will be re¬ 
covered, plus a satisfactory return on the 
investment during recovery. 

Fortunately, it is not really important 
to determine directly the so-called "pay¬ 
off period.” Even if the information were 
readily available, it would be of no use 
until it could be compared with the 
proper pay-off period under the given 
circumstances. After a decision has been 
made on the minimum attractive rate of 
return and the maximum satisfactory 
pay-off period for a given study, it is a 
simple matter to make annual-cost com¬ 
parisons such as examples 1 to 3. The 
results of these studies should be suffi¬ 
cient for making the decision, and can 
be modified in any way that may be 
desired. 


7 . CRITERIA FOR CHOOSING AN 
ECONOMY STUDY METHOD 

Problems in engineering economy 
often involve differences in pro¬ 
spective receipts and disbursements at 
different dates. They are especially likely 
to involve a comparison of alternatives 
having different first costs and annual 
operating expenses. In order that such 
alternatives may be comparable, it is 
generally necessary to use economy 
studies that recognize the time value of 
money. 

Because the problem is of particular 
importance in competitive industries, and 
is treated so lully in publications on the 
subject, previous articles have devoted 
much attention to comparisons where 
one of the alternatives has a greater first 
cost and lower prospective annual cash 


expenditures, lake most other problems 
in engineering economy, this particular 
problem may be solved by means of any 
of three methods; annual-cost, present- 
worth, or rate of return on additional 
investment. No one of these methods is 
inherently better than the other two, but 
each has advantages under certain cir¬ 
cumstances. The following discussion is 
intended to assist in choosing a method in 
a given situation and also to assist in the 
use of the chosen method. 


7.1 CONDITIONS FAVORING ANNUAL- 

COST METHOD 

This method is especially desirable 

in comparisons where there are no 
differences in prospective revenues, and 
where the alternatives differ merely in 
such things as first cost, annual operating 
disbursements, prospective service lives, 
and salvage values. When making the 
annual-cost calculations, the interest rate 
should be the “minimum attractive rate 
of return,” or, in other words, the rate of 
return that appears to be necessary to 
justify the particular investment in view 
of the ri.sks involved in this investment. 
When comparisons are made by means of 
this method, the alternative having the 
lowest total annual cost will presumably 
be selected, and if this alternative has a 
greater first cost than some other alterna¬ 
tive, the fact that its total annual cost 
is lower will prove that its annual dis¬ 
bursements are enough lower to give 
more than a satisfactory rate of return 
on the additional investment. 

Where the study-period lives are 10 
years or less, and particularly where 
there are no material differences in the 
study-j)enod lives of the various alterna¬ 
tives, it is generally satisfactory to use 
the method of straight-line depreciation 
and average interest. 

In spite of its great popularity in pub¬ 
lications on the subject, the rate of return 
on additional investment method is not 
well adapted for use in this particular 
problem. This matter is discussed at con¬ 
siderable length in Art. 6. 



tM 

7.2 CONDITIONS FAVOBING PRESENT- 
WORTH METHOD 

This method is particularly desir¬ 
able when the problem is to place a 
present valuation on prospective future 
receipts. The determination of how much 
one could afford to pay for a bond in 
order to secure a desired yield is an excel¬ 
lent example, but there also are many 
others. 

This method is also desirable in the 
comparison of alternatives having irregu¬ 
lar series of receipts or expenditures, par¬ 
ticularly comparisons of immediate and 
deferred investments. 


7.3 CONDITIONS FAVORING RATE-OF- 
RETURN METHOD 

In Art. 6, there is an explanation 
of the reasons why this method is 
generally not desirable for comparing al¬ 
ternatives where the alternative with the 
higher first cost has lower prospective 
annual operating expense. There are, 
how'ever, some exceptions to this rule, as 
will be explained in Arts. 7.4 and 7.5. 

The rate-of-retum method is particu¬ 
larly adaptable to situations where the 
alternatives are to make an investment 
or to do nothing. In some such problems, 
it is possible to design a comparatively 
simple method that will give the informa¬ 
tion directly, but in many cases it will 
be necessary to employ a tnal-and-error 
procedure, using either the annual-cost 
method or the present-worth method. 
Where successive increments of invest¬ 
ment are possible, the rate of return on 
each such increment should also be cal¬ 
culated, as explained in Art. 7.5. 


7.4 EXAMPLE 14 , CONDITIONS PARTIC¬ 
ULARLY FAVORABLE TO B\TE-OF- 
RBTURN METHOD 

In spite of the statements made in 
Art. 6, there are many situations 
where the rate-of-return method is par¬ 
ticularly desirable. One such situation in¬ 
volves proposals to reduce manufacturing 
costs by means of jigs and fixtures, or 


[ 7.2 

other tooling. In such cases, many of 
the objections to the rate-of-retum 
method stated in Art. 6 are likely not to 
apply. 

Example 14 involves a proposal to pro¬ 
vide some special tooling for use in the 
manufacture of an article, where the rate 
of production has recently increased 
greatly. It is estimated that this tooling 
will cost $1,200 ready to use, and that it 
will reduce the cost of article A by $0,013 
per piece. This tooling is useless for any 
other purpose and its installation can be 
justified only if the saving in the cost 
of article A will jirovide a sufficient rate 
of return on the investment in the tool¬ 
ing The present rate of production of 
article A is 30,000 pieces per year and 
there is no reason to expect that any 
change in the u.sage of this article will 
soon occur. 

Because it is not considered to be eco¬ 
nomical to make the sort of economy 
study that would be used when consider¬ 
ing the installation of major items of 
equipment, this company has a policy 
that items of tooling of the sort described 
in this example must show “gross” an¬ 
nual savings of at least 30 per cent on 
the investment. This 30 per cent rate 
IS based on average past experience with 
investments of this sort and is supposed 
to cover return of and on the investment 
(depreciation and interest). Although the 
depreciation and interest factors are not 
separated, it is interesting to note that a 
capital-recovery factor of 30 per cent 
corresponds approximately to capital re¬ 
covery in 8 years at 25 per cent, in 6 
years at 20 per cent, in 5 years at 15 per 
cent, and in 4 years at 8 per cent. 

In this example, the prospective sav¬ 
ing is 30,000(0.013) = $390 per year, or 
390/1,200 = 32.5 per cent gross annual 
return on the investment. The tooling 
should be installed. 


7.5 EXAMPLE 15 , RATE OF RETURN ON 
SUCCESSIVE INCREMENTS OF IN¬ 
VESTMENT 

Often in situations like that of ex¬ 
ample 14, there are several availa¬ 
ble ways to secure a reduction in present 
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cost. In such cases, each investment 
should meet the minimum requirement 
as to rate of return, and, in addition, 
each successive increment of investment 
should also meet this minimum require¬ 
ment. This is illustrated in example 15, 
the data being as follows: 

Five alternative schemes for reducing 
the manufacturing cost of a certain oper¬ 
ation have been proposed in a plant 
where such proposals are required to 
show a minimum annual gross return of 
26 per cent on the investment. 



Required 

Annual Cost 

Scheme 

Investment 

Saving 

A 

$1,000 

$400 

B 

1,200 

460 

C 

1,500 

620 

D 

1,600 

545 

E 

2,000 

600 


The information required to solve this 
problem is given in the table at the bot¬ 
tom of the page. 

From the viewpoint of return on total 
investment, each scheme meets the 25 
per cent requirement, but schemes C and 
E must be eliminated because they do. 
not meet the requirement that each in¬ 
crement in investment must show a 
minimum return of 25 per cent. At first 
glance, scheme D seems to be satisfac¬ 
tory, because it shows a return of 25 per 
cent on the increment in investment 
above the investment in scheme C, but 
this 25 per cent figure is meaningless, 
because it is based on the values for 
scheme C, which scheme has been proved 
to be unsatisfactory. Therefore, scheme 
D should be compared with scheme B 
with respect to extra investment and 
extra saving. This extra investment is 
$400 and the corresponding extra saving 
is $85, giving a return of 85/400 = 21.3 
jier cent. As this is less than the required 
25 per cent, scheme D must be elimi¬ 
nated, and scheme B shotild be selected. 


8 . ECONOMIC LOT SIZES IN MAN¬ 
UFACTURING 

A correct understanding of the 

economic lot size problem is desir¬ 
able both because of the importance of 
the problem itself and also because there 
are many other minimum-cost problems 
whose solutions are similar. The following 
discu.s6ion is adapted from that in a 
bulletin published in 1934.* Changes in 
interest rates since that time have made 
the 6 per cent rate used in this bulletin 
as the “cost of money” unreasonably 
high, but the 6 per cent rate is used in 
this discussion because the exact cost of 
money rate is not important and it is 
interesting to note the difference between 
lot sizes determined at a minimum at¬ 
tractive rate of return of 20 per cent and 
those determined when using a cost-of- 
money rate even as high as 6 per cent. 

8.1 IMPORTANCE OF PROBLEM 

Many mass-production industries 

manufacture in advance of sale and 
ship articles as desired from finished 
stocks stored in warehouses. Modern 
manufacturing equipment will ordinarily 
produce at a very rapid rate while oper¬ 
ating but will also have high preparation 
costs. Manufacturers know very well that 
under such circumstances the best way 
to reduce unit preparation costs is to 
produce in large lots. But manufacturers 
do not always understand to what an 
extent large lots increase unit charges 
incident to storage, such as rental of stor¬ 
age space, insurance and taxes on finished 
'inventory, return on capital invesited in 
finished inventory, and increased risk of 

* P. T. Norton, Jr., Economic Lot Sizes 
in Manufacturing (Blacksburg, Virginia: 
Virginia Polytechnic Institute, 1934). 


Return on Return on 

Total Extra Extra Extra 


Scheme 

Investment 

Saving 

Investment 

Investment 

Saving 

Investment 

A 

$1,000 

$400 

40.0% 

• . . 

. . 


B 

1,200 

460 

38.3% 

$200 

$60 

30.0% 

C 

1^500 

520 

34.7% 

300 

60 

20.0% 

D 

1,600 

545 

34.1% 

100 

25 

25.0% 

E 

2.000 

600 

30.0% 

400 

66 

13.8% 




140 


ENGINEERING ECONOMY 


loss due to deterioration or obsolescence 
of inventory. The last-named factor may 
result in excessive amounts having to be 
sold at heavy discounts in order to get 
rid of styles that have not proved popu¬ 
lar. 

This rather general failure to pay suf¬ 
ficient attention to the unit charges inci¬ 
dent to storage is undoubtedly due to the 
fact that cost-accounting methods may 
be perfectly satisfactory for the purposes 
for which they are designed, but incapa¬ 
ble of giving all the information that is 
required for establishing economic lot 
sizes. Unit preparation costs show up 
clearly on the cost-accounting records, 
whereas most of the costs incident to 
storage either do not appear at all in the 
accounting records or are not identified 
there as costs that vary with lot size. The 
unit charges incident to storage are none 
the less real and should be given full con¬ 
sideration. It will be shown presently 
that for the most economical size of Jot 
the unit preparation costs are equal to 
the unit charges incident to storage. 
What should be aimed at is a size of lot 
which, by rapid turnover of capital in¬ 
vested in finished inventories, will reduce 
the unit charges incident to storage to 
the point where they do not exceed the 
unit preparation costs. 


8.2 DERIVATION OF THE FORMULA 

Economic lot size problems may be 

solved in several different ways. 
Many formulas have been developed for 
the purpose. Some are too complicated 
for practical use because their authors 
have tried to include every variable that 
has any effect. Others have limited use¬ 
fulness because they do not include some 
variables of real importance. Many give 
lot sizes that are entirely too large be¬ 
cause they use the interest rate on bor¬ 
rowed money instead of the minimum 
attractive rate of return when determin¬ 
ing carr)ring charges on the investment 
in finished inventory. It is believed that 
the formula to be developed presently is 
simple enough to be understood and used 
by anyone, and also that it includes all 
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the factors necessary for a correct solu¬ 
tion of the problem; a satisfactory turn¬ 
over of capital invested in finished inven¬ 
tory is obtained by charging investment 
in finished inventory with the minimum 
attractive rate of return, based on the 
risks involved in the storage of this par¬ 
ticular inventory. 

Although formulas are useful in solv¬ 
ing this problem, it should be understood 
that the economic lot size may be found 
just as well by tabular or graphical meth¬ 
ods, which have the advantage that they 
give not only the economic lot size but 
also the economic range, something that 
no formula can possibly give. In addition, 
tabular and graphical methods show the 
effect on total unit charges of any devia¬ 
tion from the economic lot size; informa¬ 
tion that is often of great value. 

In the formula to be developed, let: 

Q = the lot size (pieces per lot) 

Q, = the economic lot size (pieces per 
lot) 

S = total preparation cost per lot (dol¬ 
lars), including cost of preparing 
manufacturing orders, co.st of set¬ 
ting up machines, and any other 
similar costs that are independent 
of the number of pieces in the lot 
P = pieces made per day 
t/ = pieces used per day 
N — days worked per year 
C = material, direct labor, and factory 
overhead per piece (dollars) 

A — cost of storing one piece for one 
year (dollars) 

B ~ taxes, insurance, etc. (per cent per 
year on inventory) 

/ = minimum attractive rate of return 
on capital invested in finished in¬ 
ventory, risks considered (per cent 
per year) 

V = total amount charged against each 
piece (dollars) for; 

(a) preparation costs, 

(b) material, direct labor, and fac¬ 
tory overhead, 

(c) storage charges, including re¬ 
turn on invested capital. 

It can easily be proved that in the fol¬ 
lowing derivation the preparation cost 
per piece may without error be neglected 
when figuring the capital tied up in fin¬ 
ished inventory. The following deriva- 
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tion assumes that the total amount C 
will be charged from the moment pro¬ 
duction begins; other assumptions will be 
discussed later. As is customary, it will 
be assumed that the consumption rate is 
uniform; if the demand varies greatly 
between seasons, it may be desirable to 
compute the economic lot size for each 
season. 

Under these assumptions, the maxi¬ 
mum amount of capital tied up in fin¬ 
ished inventory will be CQ dollars, and 
the average amount of capital thus tied 
up will be CQ/2 dollars. As there are NU 
pieces per year, the average amount of 
capital tied up per piece will be CQ/2NU 
dollars. 

Insurance and taxes must be paid on 
finished inventory, and the charge per 
piece for these items will be BCQ/2NU 
dollars. 

Cost accountants do not ordinarily in¬ 
clude a charge for interest on capital tied 
up in inventory as part of the cost of a 
product. However, in studies of this sort, 
where different lot sizes result in different 
amounts of invested capital, it is neces¬ 
sary to consider this factor. It is only 
by making this charge at the minimum 
attractive rate of return that full con¬ 
sideration can be given to the important 
factor of capital turnover. On this basis, 
the charge per piece for return on in¬ 
vested capital will be ICQ/2NU dollars. 

It will be assumed that storage is in 
bins and that space must be reserved per¬ 
manently for the largest number of pieces 
of each article that will ever be in stor¬ 
age. (P — U) pieces will go into storage 
each day during production, which will 
continue for Q/P days. Hence the maxi¬ 
mum number of pieces for which storage . 
must be provided will be 

- U) or Q pieces 


pieces 


As it costs A dollars to store one piece 
for one year, and there are NU pieces per 
year, the cost per piece for provichng 
storage will be 




The total charges per piece, incident to 
storage, are the sum of the three expres¬ 
sions just derived, and may be written 


{B + l)C -b 2A 
2NU 




or KQ 

where K is a constant rejiresenting the 
terms within the brackets. The total 
charges per piece will be 

V = ^ + C + KQ 

This equation shows that the total 
charges against each piece are the sum 
of three parts: the preparation cost per 
piece S/Q, which varies inversely with 
size of lot; the approximately constant 
cost per piece C, for material, direct 
labor, and factory overhead; and the 
charges per piece incident to storage KQ, 
which vary directly with size of lot. 

The economic lot size will obviously be 
the lot size for which V is a minimum. 
This may easily be found by tabular or 
graphical methods, but the simplest way 
is to find the first derivative and set it 
equal to zero. 

dQ Qi + ^ 
d V 

and setting — equal to zero, 
a Q 




dollars 


The approximately constant unit cost 
of material, direct labor, and factory 
overhead C does not appear in the final 
formula, but it does affect the economic 
lot size because of its effect on the value 
of K. 

The economic lot size formula just 
derived may be written: 

which proves that for the economic lot 
size, the unit preparation charges S/Q, 
are equal to the unit charges incident to 
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Storage KQ,. This relationship is useful 
when it is desired to solve a problem of 
this sort by tabular or graphical methods. 

8.3 EXAMPLE 16 , USE OF THE FORMULA 

In order to illustrate the use of the 
formula, the economic lot size will 
be determined under the following condi¬ 
tions: 

5 -$ 10.00 

P — 1,000 pieces per day 
U - 100 pieces per day 
N — 300 days worked per year 
C = $0.10 per piece 
A = $0,001 per piece 
B = 3% per year 
I = 20% per year 

Under these conditions, the value of K 
will be 

(0.03 -f 0.20)0.10 -b 2(0.001)^1 - 

2(300) (100) 

=• $0.00000041 

, n / 10.00 ' 

an Q, = QQQQQQ4J 

■" 4,940 pieces per lot 

8.4 TABULAR METHODS MAY BE USED 

IN PLACE OF THE FOR.MULA 

By means of the formula, it has 
been a simple matter to determine 
that the economic lot size is 4,940 pieces 
per lot. The formula cannot, however, 
give either the total unit charges or the 
difference in total unit charges with some 
other size of lot. The simplest way to 
obtain this valuable information is to 
tabulate the valuM as is done in Table 
3.13. 

Table 3.13 shows that the minimum 
total unit charges amount to $0.10404 at 
the economic lot size of 4,940 pieces per 
lot: also that the total unit charges are 
practically the same for lot sizes between 
4,500 pieces and 5,600 pieces; and that 


[8.3 

for any lot size between 3,000 pieces and 
7,0(X) pieces the total unit charges would 
not be more than one-half of 1 per cent 
more than at the economic lot size. Thus 
the lot size may ordinarily be varied to a 
considerable extent from the economic lot 
size without greatly increasing total unit 
charges. The fact that the lot size may 
ordinarily be ’•educed below the economic 
lot size without materially increasing the 
total unit charges is of great significance, 
as it enables a manufacturer to reduce his 
working capital requirements by reduc¬ 
ing the amount of money tied up in fin¬ 
ished inventory. 


8.5 IMPORTANCE OF USING MINIMUM 
ATTRACTIVE RATE OF RETURN IN¬ 
STEAD OF INTEREST RATE ON 
BORROWED MONEY 

Many economic lot size formulas 
use the interest rate on borrowed 
money ("cost of money") instead of the 
minimum attractive rate of return. If as 
high an interest rate as 6 per cent is used 
in this example, the formula will give a 
value of 7,450 pieces per lot for what 
might well be called the "minimum cost 
lot size ” However, this would not be a 
desirable lot size, as the turnover in capi¬ 
tal invested in finished inventory would 
not be great enough to take care of the 
risks involved. 

Figure 3.2 shows graphically the 
relationship between unit preparation 
charges and unit charges incident to stor¬ 
age for this example. The full lines are 
for the economic size determination, us¬ 
ing 20 per cent per year for I. The 
broken lines show the incorrect result 
that would be obtained if an interest rate 
of 6 per cent per year were used. (The 
horizontal line that would give the con¬ 
stant value of $0.10 for C in Figure 3.2 is 
omitted because it would not change the 
shape of any of the curves of Fig. 3 2 or 
affect any of the information obtainable 
from Fig. 3.2.) 
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TABLE 3.13 UNIT CHARGES TOR VARIOUS LOT SIZES OF EXAMPLE 16 * 


Q 

Q 

- 


• 

(pieces) 

(cents) 

(cents) 

(cents) 

(cents) 

1,000 

1.000 

10 

0.041 

11.041 

2,000 

0.500 

10 

0.082 

10.582 

3,000 

0.333 

10 

0.123 

10.456 

4,000 

0.250 

10 

0.164 

10.414 

4,500 

0.222 

10 

0.184 

10.406 

4,940 

0.202 

10 

0.202 

10.404 

5,500 

0.182 

10 

0.225 

10.407 

6,000 

0.167 

10 

0.246 

10.413 

7,000 

0.143 

10 

0.287 

10.430 

8,000 

0.125 

10 

0.328 

10.453 

* From Norton, Economic Lot Sizes tn Manufacturing, Table 1, p. 

15. 




O 2 4 6 a to i 2 lA 

Q {thousands) 

Norton, Bconomtc Lot Sizes in Manufacturing, Figure 
1. p. 18. 

FIG. 3.2 DETERMINATION OF ECONOMIC LOT SIZE. 
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8.6 MODIFICATIONS OF FORMULA FAC¬ 
TORS 

Factor K is a, constant for any 
given set of conditions, but may be 
varied to take care of several different 
situations. 

In the derivation of K for use in exam¬ 
ple 16, it was assumed that the total 
amount for material, direct labor, and 
factory overhead was to be charged at 
the moment production began. This is 
probably the situation in the majority 
of cases, but because certain manufac¬ 
turing costs are not actually paid until 
some time after work is performed, it is 
often reasonable to assume that the in¬ 
vestment in finished inventory is merely 
for that portion of a lot that actually 
goes into storage, in other words 



Under these circumstances, the invest¬ 
ment part of K will be 

m + /)(1 - 
Wu 

In the derivation of K for use in exam¬ 
ple 16, it was also assumed that storage 
space must be reserved permanently for 
the largest number of pieces of each arti¬ 
cle that ever was in storage. In many 
cases, storage space may be released for 
storing other articles whenever a ship¬ 
ment is made. Under these conditions, 
the total storage space requirements will 
be only half as much as in example 16 
and the storage cost part of K will be 



2NU 


It is now possible to state the four 
expressions for K that will permit one 
to use the formula for any of these as¬ 
sumptions for investment charges and 
storage costs. 

If it is assumed that the entire cost for 
material, direct labor, and factory over¬ 
head must be charged at the moment 


production begins, and that storage space 
must be reserved for the maximum num¬ 
ber of articles ever in storage, then: 



If it is assumed that the entire cost for 
material, direct labor, and factory over¬ 
head must be charged at the moment 
production begins, but that any vacant 
storage space may be used for any article, 
then; 



If it is assumed that the only invest¬ 
ment that need be considered is that 
rejiresented by articles actually in stor¬ 
age, and that storage space must be re¬ 
served for the maximum number of arti¬ 
cles ever in storage, then: 



If it is assumed that the only invest¬ 
ment that need be considered is that 
represented by articles actually in stor¬ 
age, but that any vacant storage space 
may be used for any article, then: 



There are several other relationships 
that may be present in certain situations, 
but that are rarely given con.sideration 
in .economic lot size discussions. Some of 
these are important because when they 
are present they may reduce the time and 
effort required to make the studies. 

The consumption rate U is one of the 
most important factors in the formula. 
It is standard practice to assume that 
this factor is a constant during the period 
under consideration. This is a sufficiently 
accurate procedure in most oases, but 
where the demand is quite seasonal, it 
may be desirable to determine a different 
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lot size for each season, using the appro¬ 
priate value of U in each case. 

It will be noted that U appears in K 
in two places; in the denominator and 
also in the numerator as part of the 
expression (1 —C//P). In many cases, 
U is so small when compared with P that 
(l — U/P) may be considered to be 
unity. Under these circumstances, it is 
evident that Qg varies directly with y/TT. 
Where the assumption that (1 — U/P) is 
unity is a reasonable assumption, it is a 
simple matter to modify the general for¬ 
mula to the form Qg = Dy/U, where D is 
the value of Q, found from the general 
formula Qg =■ y/S/K, when U = 1. The 
lot size for any value of U may then be 
easily determined by multiplying D by 

vu. 

8.7 RESERVE OR EMERGENCY STOCK 

Many manufacturers plan their 

production on the assumption that 
there will always be a certain number of 
pieces of an article in stock when the fol¬ 
lowing order begins to enter storage. 
Many economic lot size formulas attempt 
to include this reserve or emergency 
stock as a factor, but this is clearly not 
a sound procedure. If sales and jiroduc- 
tion programs are carried out in accord¬ 
ance with the estimates on which the 
economic lot size study was based, the 
use of a reserve stock will merely increase 
the number of pieces in stock at all times 
by the amount of the reserve stock. The 
added charges incident to the storage of 
the reserve stock, though real, do not 
in any way affect the economic lot size. 

8.8 SUMMARY OF ECONOMIC LOT SIZE 

DISCUSSION 

Lot sizes should not be made as 

large as possible in order to reduce 
unit preparation charges, but should be 
made as small as possible in order to 
obtain a high rate of capital turnover and 
to reduce the rLsks incident to storage. 
However, if lot sizes are too small, the 
increase in the unit preparation charges 
will more than offset the advantages 


gained from lower charges incident to 
storage. All manufacturers are keenly 
aware of the reduction in unit prepara¬ 
tion charges that is caused by large lots, 
but few manufacturers seem to under¬ 
stand how much large lots really cost 
them in charges incident to storage, in¬ 
cluding all the risks involved. 

Total unit charges increase very little 
for considerable reductions in lot size 
below the economic lot size. Since the 
amount of capital tied up in finished in¬ 
ventory varies directly with the lot size, 
a manufacturer with limited working 
capital resources may often use to advan¬ 
tage lot sizes somewhat smaller than the 
economic lot .size. By so doing, he will 
reduce the amount of capital tied up in 
inventory without materially increasing 
total unit charges. 

Capital tied up in finished inventory 
should be charged with the minimum at¬ 
tractive rate of return on such capital 
and not merely with the simple interest 
rate fiaid on borrowed money. This pro¬ 
cedure will automatically take care of 
the problems of cajiital turnover and 
such risks incident to storage as obsoles¬ 
cence and deterioration. 

Formulas are u!?eful in the routine de¬ 
termination of the economic lot size, but 
do not show the difference in total unit 
charges that^ would result from using 
some other lot size. This information is 
important and may ea.sily be obtained 
through tabular or graphical methods of 
solving the problem. 

For the economic lot size, the unit 
preparation charges are equal to the unit 
charges incident to storage. 

The economic lot size varies approxi¬ 
mately as the square root of the con¬ 
sumption rate. This relationship makes it 
possible to redetermine quickly lot sizes 
for various consumption rates after the 
economic lot size has been determined 
for the normal consumption rate by 
means of the complete formula. 

8.9 OTHER MINIMUM-COST PROBLEMS 

Most of the ideas that have been 

expressed in the foregoing discus¬ 
sion of the economic lot size problem 
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apply also to the many other minimum- 
cost problems appearing in discussions 
of engineering economy. For example, 
in the derivation of the well-known 
Kelvin's Law for the economical size of 
an electrical conductor, the factors are 
the same as in the derivation of the eco¬ 
nomic lot size formula, with the exception 
that factor C does not appear directly 
in the Kelvin’s Law derivation. As this 
factor becomes zero in the first derivative, 
the Kelvin’s Law and economic lot size 
formulas have the same final form. 

In companies where the economic lot 
size problem is important at all it is likely 
to be very important. This importance is 
usually due more to the fact that there 
are so many cases than to the great im¬ 
portance of any single case. Where these 
conditions apply, the formula approach 
may be better than the tabular or graphi¬ 
cal approach in spite of the limitations 
in the kind of information that can be 
obtained from the formula solution. 
There are, however, many other mini¬ 
mum-cost problems that occur infre¬ 
quently but that are very important 
when they do occur. In cases of this sort, 
the tabular or graphical method is cer¬ 
tainly the better method, because of the 
greater amount of useful information 
that may be secured. 

9 . THE BREAK-EVEN POINT CON¬ 
CEPT 

There are innumerable cases in 

engineering economy where one al¬ 
ternative is more economical under one 
set of circumstances and another alterna¬ 
tive is more economical under other cir¬ 
cumstances. For example, it was shown 
in Art. 6 that the rate of return on an 
additional investment may be ascertained 
by finding the interest rate that makes 
the annual costs or the present worths of 
the two alternatives equal; that interest 
rate is the break-even point. 

Break-even charts have often been 
used in highly mechanized industries to 
determine the rate of production below 
which losses may be expected and above 
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which profits may be expected. In its 
broadest sense, this problem is always a 
problem in engineering economy, but 
there is sometimes a lack of understand¬ 
ing of the great differences between the 
solutions of this problem for an existing 
plant and for a proposed plant. The 
fundamental basis for these differences 
is explained in Art. 13, under the discus¬ 
sion of sunk costs. 

An idea of the great variety of break¬ 
even point problems may be obtained 
from the following list of such problems 
discussed by Grant:* 

The break-even point as a dimension. 

The break-even point as an expected life. 

The break-even point as a justifiable 
investment. 

The break-even point as a capacity fac¬ 
tor. 

Many formulas have been proposed for 
determining break-even points, but in 
most cases it will be found that tabular 
or graphical methods give more and bet¬ 
ter information, without requiring much 
more time or effort. 


10 . IMMEDIATE VS. DEFERRED 
INVESTMENTS 

When it seems reasonable to antici¬ 
pate that growth of some sort will 
require additional capacity in the future, 
there is often the problem of deciding 
how much additional capacity it is eco¬ 
nomical to provide immediately. It is 
obvious that piecemeal construction, 
where additions are provided only when 
It is necessary to increase capacity, is not 
ordinarily as economical as a planned 
construction program. This is due to 
many factors, including the fact that 
larger units are likely to be more satisfac¬ 
tory than smaller units, from the view¬ 
point of both first cost and operating 
costs. 

When making an engineering economy 
study to determine how great a present 

* Grant, Principles of Engineering Econ¬ 
omy, 3rd ed., pp. 236-239. 
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investment is economical, in comparison 
with the alternative of deferring at least 
part of the investment, present-worth 
calculations seem to have several advan¬ 
tages over annuaI-co.st calculations. The 
selection of the interest rate is one of the 
most important decisions in studies of 
this sort; it was pointed out in Art. 
5.8 that what seem to be small differences 
in interest rates sometimes make great 
changes in the comparisons of alterna¬ 
tives. 

Grant makes the following observa¬ 
tions with respect to this problem:* 

Generally speaking, in any borderline 
case the irreducible factors are favorable 
to the alternative which involves a de¬ 
ferred investment rather than to an 
immediate investment with considerable 
excess capacity. This is particularly true 
if the interest rate used in the study has 
been the average cost of capital to an 
enterprise, without any increase to allow 
for a margin of safety. Unless the pro¬ 
spective rate of return is sufficiently 
higher than the cost of capital to justify 
a risk, that risk should not be under¬ 
taken. 

One irreducible factor favorable to the 
deferred investment is the possibility 
that the forecast growth may never 
materialize, and thus the excess capacity 
may never be needed. Another such 
factor in many situations may be the 
difficulty of securing investment funds 
with the resulting pressure to keep all 
investments to a minimum. Still another 
factor in some cases may be the possi¬ 
bility that anything installed in the 
future may be superior, or .somehow bet¬ 
ter adapted to the needs of the service, 
than excess capacity installed at present 
in advance of such need. 

On the other hand there is a nuisance 
aspect to many deferred investment 
plans which is favorable to immediate 
construction with considerable excess ca¬ 
pacity. This is particularly true with 
regard to public utility services which 
must be placed underground in paved 
streets so that any addition to them 
requires cutting through the pavement 
and repaving. 

* Grant, Principles oj Engineering Econ¬ 
omy, 3rd ed., p. 267. 
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11. AMOUNT OF UTILIZATION OF 
A FIXED ASSET 

Because the investment costs of 
such things as manufacturing 
equipment depend on time rather than 
on the degree of utilization, the greater 
the utilization the less the unit costs of 
product or services. This may have a sig¬ 
nificant effect on a comparison of alterna¬ 
tives that differ considerably in the rela¬ 
tive importance of investment costs and 
annual disbursements. 

For example, it may be economical in 
the long run to pay much more money 
for a high-efficiency motor, if the motor 
is to operate most of the time, but better 
to buy the cheapest available motor, with 
a very low efficiency, if the motor is to 
operate only occasionally. There are a 
very large number of seemingly different 
problems in engmeenng economy where 
this principle should be recognized when 
making a study. 

An error that is frequently made when 
comparing several machines is to com¬ 
pare them on the basis of their unit costs 
for producing an article, with each ma¬ 
chine operating at' its capacity. What 
obviously should be done is to determine 
first what amount of product will be 
needed, and next what it will cost to pro¬ 
duce that amount with each machine. 
Any available capacity beyond the re¬ 
quired amount is an irreducible in favor 
of the machine with the extra capacity, 
but should not enter into the actual cost 
calculations of the study itself. 

12 . INCREMENT COSTS 

In engineering economy studies, it 
is the prospective differences be¬ 
tween alternatives that are significant 
when making a decision. No one would be 
likely to dispute the statement made in 
the preceding sentence, but unfortu¬ 
nately many errors are made in practice 
because of a failure to understand just 
what arc the prospective differences be¬ 
tween alternatives in any given situa¬ 
tion. A case in point has to do with what 
are usually called “increment costs.” 
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In enioneering economy, the incre¬ 
ment-cost concept often goes somewhat 
beyond a strict definition of the term, 
and in this discussion the use of the term 
will be explained rather than merely de¬ 
fined. Suppose, for example, that a cer¬ 
tain domestic electric rate is as follows: 

Service charge of $1.00 per month re¬ 
gardless of use. 

4 cents per kw-hr for first 100 kw-hrs 
per month. 

2.5 cents per kw-hr for the next 100 
kw-hrs per month. 

1.5 cents per kw-hr for all over 200 
kw-hrs per month. 

A certain family uses an electric range 
for cooking, and the monthly electric 
bills have been varying from about $7.00 
in July for 180 kw-hrs to about $9.30 in 
January for 320 kw-hrs, with an annual 
cost for electricity of about $100. It is 
estimated that during an average month 
the electric range consumes 120 kw-hrs. 
The monthly bills for electricity are con¬ 
siderably higher than for neighboring 
families w'ho cook with gas. The present 
range must be replaced and the house¬ 
holder is attempting to determine the 
operating cost of the electric range, 
which he suspects to be more than that 
of a gas range It is obvious that what is 
desired is the increment cost of operat¬ 
ing the electric range, or, in other words, 
the cost in any month when using the 
electric range le.ss the cost for that 
month if the electric range were not 
used. 

Because of the structure of the rate 
schedule, the increment cost of u.sing the 
electric range is quite different in dif¬ 
ferent month,s, being $3.fi0 for July and 
only $1.80 for January, under the stated 
conditions. The only really safe way to 
determine what the cost of electricity is 
for operating this range is to calculate 
separately the monthly electric bill with 
and without the range. Calculations of 
this sort often give some surprising re¬ 
sults for certain types of increment 
costs. 

Much could be written about the 
many different kinds of increment costs, 
but that does not seem neces.sary here, 
because most of these different situations 
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will be discussed under some other char¬ 
acteristic. What is very important is the 
rule that it is the prospective differences 
between alternatives that are significant 
when a choice is to be made between the 
alternatives. Formulas and other similar 
methods are sometimes used to obtain 
directly the differences between the al¬ 
ternatives, but (as in the electric bill 
example previously stated in this arti¬ 
cle) the safest way to determine the dif¬ 
ferences between alternatives is to deter¬ 
mine first the magnitudes of the various 
alternatives and then to get the differ¬ 
ences by simple subtraction. 


13 . SUNK COSTS 

Grant explains the sunk-cost con¬ 
cept as follows:* 

Once the principle is recognized that 
it is the difference between alternatives 
that is relevant in their comparison, it 
follows that the only possible differences 
between alternatives for the future are 
differences in the future. Any decision 
regarding a course of action for the 
future starts from now. Whatever has 
happened up to date has already hap¬ 
pened and cannot be changed by any 
choice among alternatives for the future. 
This applies to past receipts and dis¬ 
bursements as well as to other matters 
in the past. 

From the viewpoint of an economy 
study, a past cost should be thought of 
as a sunk cost, irrelevant in the study 
except as its magnitude may somehow 
influence future receipts or disburse¬ 
ments or other future matters. Although 
this principle that a decision made now 
necessarily deals with the future seems 
simple enough, many people have difiB- 
culty in accepting the logical implica¬ 
tions of the principle when they make 
decisions between alternatives. This 
seems particularly true when sunk costs 
are involved. Although some of the fail¬ 
ures to recognize the irrelevance of sunk 
costs involve a misuse of accounting 
figures, these mental obstacles to clear 
reasoning are by no means restricted to 


* Grant, Pnncivles of Engineering Econ¬ 
omy, 3rd ed., p. 330. 
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people who have had contact with the 

principles and methods of accounting. 

13.1 EXAMPLE 17 , IBRBtBVANCB OF A 

PAST DISBURSEMENT 

Jones has decided to invest $1,500 

in a business venture and is faced 
with the problem of raising the neces¬ 
sary cash. He has two alternatives: he 
owns 20 shares of common stock that he 
can sell at the present market value of 
$75 per share, or he can use a life insur¬ 
ance policy as the security for a 6 per cent 
loan. Jones estimates that the dividends 
on the stock will continue for an indefi¬ 
nite period at the present rate of $4.50 
per share per year, so there will appar¬ 
ently be no difference between the inter¬ 
est cost of $90 per year on the loan and 
the $90 per year dividends on the stock 
that would be given up if the stock were 
sold. 

Not being able to decide between the 
two alternatives, Jones seeks advice 
from a friend, who tells him that his 
decision should be based on whether the 
price he paid for the stock was more or 
less than the present market value of 
$75 per share; that the stock should be 
sold if the sale would “show a profit,” 
but not if the sale would “show a loss.” 

At first glance, this argument seems 
plausible enough and there can be no 
doubt that this unwillingness to accept 
a loss is responsible for many of the mis¬ 
conceptions w’ith respect to sunk costs 
and the irrelevance of past disburse¬ 
ments. Nevertheless, it is obvious that 
the cost of the stock should not in any 
way influence the decision on whether 
the stock should be sold or retained. The 
decision should be based solely on Jones' 
opinion as to future values for the stock. 
A book profit or loss should never influ¬ 
ence a decision with regard to a sale. 
(Because profits are usually taxable and 
losses may within certain limitations 
reduce taxes, a decision concerning 
which assets to sell or whether to sell 
may depend on the tax consequences of 
the various alternatives, but this does 
not in any way nullify the rule that past 
disbursements are irrelevant.) 


13.2 EXAMPLE 18 , IRRELEVANCE OF 

BOOK VALUE 

An automatic lathe with a first 

cost of $4,500 installed is being 
considered as a replacement for a 10- 
year-old turret lathe which originally 
cost $3,000, and which has been depreci¬ 
ated at the rate of $120 per year, so that 
its present book value is $1,800. The 
company would have no other use for 
the turret lathe if it were replaced in its 
present work, but it can be sold for 
$1,500. 

This replacement study will be com¬ 
pleted in example 20 of Art. 17, in the 
discussion of retirements and replace¬ 
ments. The present discussion will be 
limited to the problem of what to do 
with the $300 difference between the 
book value and the realizable value of 
the turret lathe. 

Many writers on the subject insist 
that where the book value of a present 
asset is greater than its realizable value 
the difference between the two values 
should be added to the investment in the 
proposed asset, thus forcing the pro¬ 
posed asset to show savings that will 
recover both its own investment and also 
this so-called “loss due to replacement.” 
These persons claim that the proposed 
asset should be made to bear this added 
burden because the “loss” is due to the 
replacement and takes place at the time 
of the replacement. 

It requires only a brief consideration 
of the subject to prove that the book 
value of the present asset should receive 
no consideration whatever in a replace¬ 
ment study. The first cost of $3,000 for 
this present asset was spent 10 years 
ago, and no decision to retire or retain 
the asset can change either the amount 
or the time of this disbursement. The 
depreciation charge of $120 per year was 
merely a time allotment of the $3,000 
investment, which in depreciation ac¬ 
counting is considered to be a prepaid 
expense of service during the life of the 
asset. No attempt is made in deprecia¬ 
tion accounting to have book values 
during life agree with any sort of values, 
realizable or otherwise. Further discus- 
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8ion of the differences in the aims of 
accounting allocations and engineering 
economy studies will be found in Art. 
14. 

Further evidence that this $300 differ¬ 
ence between book value and realizable 
value should not be considered In any 
way in the replacement study may be 
found in the fact that depreciation 
accounting does attempt to charge off 
during life the entire difference between 
first cost and salvage value, the latter 
being the realizable value of $1,500 in 
this example. It is obvious that book 
value would always be realizable value 
at the time of a replacement, if lives 
and salvage values could be estimated 
accurately at the beginning of life, which 
it is not possible to do. (In Art. 16, 
in the discussion of the income tax as¬ 
pects of depreciation, it will be shown 
that it has generally not been permissible 
since 1934 to charge off for tax purposes 
the so-called “losses on premature retire¬ 
ment.”) 

As explained in the preceding para¬ 
graphs, there are several conclusive rea¬ 
sons why both the book value and any 
difference between book value and re¬ 
alizable value should be disregarded in 
making economy studies. But the really 
important reason is that in such studies 
only future receipts and disbursements 
are relevant. It is the realizable value of 
the present asset (the highest of such 
things as scrap value, second-hand value, 
or value to the owner for some other 
purpose) that should be used as the in¬ 
vestment in the present asset when 
making a replacement study. 

Some of the errors in theory with 
regard to these matters are probably 
caused by an unfortunate use of words 
in defining both depreciation and book 
value. Grant and Norton discuss this as 
follows;* 

Modem writers on semantics have em¬ 
phasized how readily one may be misled 

by words or phrases that have unfavor- 

* E. L. Grant and P. T. Norton, Jr., De¬ 
predation (New York: The Ronald Press 
Company, Inc., 1955), p. 311. 
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able associations. Two such phrases may 
be partly responsible for some of the 
confusion that exists in the interpreta¬ 
tion of the depreciation accounts. One is 
the common definition of accounting de¬ 
preciation as “loss in value.” The other 
is the common description of unamor¬ 
tized cost as "unrecovered investment.” 
“Loss” has an unpleasant sound that 
somehow makes depreciation seem worse 
than other operating expenses. . . . De¬ 
preciation accounting does not relate 
to value at all except as value may be 
defined in the neutral sense as any 
money amount that may be associated 
with property. “Unrecovered invest¬ 
ment,” despite its use by the Bureau of 
Internal Revenue, is an inaccurate de¬ 
scription of unamortized cost. In some 
ca-ses the investment in an asset actually 
may be recovered in its first few months 
of service, and in other cases it may 
never be recovered; neither fact has any 
r.olation to the depreciation that has 
been recorded on the books. (Even if 
unamortized cost really were unre¬ 
covered investment, it would not be 
relevant in a replacement economy 
study; the only differences between al¬ 
ternatives that properly enter into an 
economy study are future differences.) 


14 . INCORRECT INFERENCES 
FROM ACCOUNTING APPORTIONMENTS 

Grant explains the limitations of 
accounting as a basis for estimates 
m economy studies as follows;* 

Generally speaking, the accounts of 
an enterprise constitute the source of 
information which has the greatest po¬ 
tential value in making estimates for 
economy studies. Nevertheless, t'le un¬ 
critical use of accounting figures is 
responsible for many errors in such esti¬ 
mates. There are a number of important 
differences between the point of view of 
accounting and that which should be 
taken in an economy study. 

Accounting involves a recording of 
past receipts and expenditures. It deals 
only with what happened regarding 
policies actually followed and is not 

* Grant, Principles of Engineering Econ¬ 
omy, 3rd ed., p. 22. 
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,;oncerned with alternatives that might 
have been followed; it is conct'rnod more 
with average costs than with differences 
in cost. It involves apportionment of 
past costs against future periods of time, 
and apportionment of joint costs be¬ 
tween various services or products. It 
does not involve consideration of the 
time value of money. 

Engineering economy, on the other 
hand, always involves alternatives; it 
deals with prospective differences be¬ 
tween future alternatives It is concerned 
with differences between costs rather 
than apportionments jf costs. It does 
involve consideration of the time value 
of money. 

The statement is sometimes made that 
economy studies are merely a matter of 
accurate cost accounting. Such a state¬ 
ment involves a failure to comprehend 
the.se fundamental differences in point 
of view. . . . 

The principle emphasized [here] is 
that it is always differences which are 
significant in economy studies, and that 
the concept of cost, in order to be a 
useful guide to business decisions, must 
be related to specific alternatives to be 
compared. The diversity of alternatives 
which must be compared in business 
situations is such that no routine sys¬ 
tematic procedure can be expected to 
give directly the “cost" figures which 
are needed for all comparisons. 


14.1 EXAMPLE 19, TO MAKE OR TO 

PURCHASE 

This example records an actual ex¬ 
perience of the writer some years 
ago when he was being shown by the 
plant manager through a large mass- 
production furniture factory. This w'as 
one of several such factories operated by 
a very successful company with very 
progressive top management. There was 
a well-planned cost-accounting system 
employing the most modern techniques, 
which probably gave very gooil informa¬ 
tion concerning the co.«t of the various 
articles, but which certainly was not ade¬ 
quate for the purpose for which its 
information was used in the decision 
recorded in this example. 


In a lean-to off the machine room were 
four carving spindles which had evi¬ 
dently not been used for some time 
In answer to a question, the plant man¬ 
ager ^-tated that the same four men who 
had formerly operated these spindles on 
a time wage basis were still producing 
the ornaments used by this company, 
utilizing second-hand rented spindles in 
a rented shed located in the same city. 
Further que.stioning developed the infor¬ 
mation that without w'orking any harder 
than previously these four men were 
making more money, while the company 
was buying the ornaments cheaper than 
they had manufactured them. When 
asked how this could be, the plant man¬ 
ager stated that it was because they had 
a high overhead rate in this highly 
mechanized factor^’, whereas the four 
men had very little overhead in their 
operations with rented spindles in a 
rented shed. 

Naturally, the writer then asked how 
the decision to discontinue manufactur¬ 
ing the ornaments had reduced to the 
slightest extent the total overhead ex¬ 
pense of the factory. The factory man¬ 
ager replied that this had been bothering 
him, but that the head of the cost¬ 
accounting dejiartmcnt had assured him 
that their method of figuring costs was 
correct and that they really were saving 
money by buying the ornaments. From 
further information furnished the writer 
by the jilant manager, it was apparent 
that there had been no real decrease in 
total overhead expense as a result of 
this decision to buy the ornaments. Even 
the .supervision had not been reduced to 
any great extent, because one of the four 
mbn had previously acted as a sub-fore¬ 
man over the group. It seemed that the 
expense in the office incident to buying 
the ornaments was at least as great as 
the former expense in the production 
control department. 

There was one feature of this cost¬ 
accounting system which, while satis¬ 
factory for the main purpose of the 
system, made it almost certain that any 
decision of this sort would be an incor¬ 
rect decision. Because no repair parts 
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had to be costed separately and all com¬ 
plete articles utilized the facilities of 
each department approximately to the 
same degree as their direct labor cost in 
each department, this company followed 
a rule quite common in the furniture 
industry of basing the charge for factory 
overhead on direct labor cost, using a 
single plant-wide overhead rate. This 
practice made the overhead cost of man¬ 
ufacturing the ornaments seem much 
greater than it actually was, because the 
wage rates of the highly skilled men who 
operated these carving spindles were 
much higher than the average for the 
plant, while the overhead expense per 
man-hour for these inexpensive spindles 
was very much less than the overhead 
rate per man-hour for the many very 
expensive automatic machines that were 
used in this highly mechanized fac¬ 
tory. 

There could hardly be errors in the 
use.of cost-accounting information more 
horrible than the one illu.strated in this 
example, but the writer has found many 
cases that are nearly as bad in theory. 
This IS the sort of error that could not 
po-^sibly have been made by the men 
who founded these modern manufactur¬ 
ing companies. Most of them knew little 
or nothing about the principles that 
.should govern either accounting pro¬ 
cedures or engineering economy studies, 
but they did realize that the best and 
safest way to handle decisions of this 
sort was to determine as completely as 
possible the differences between the al¬ 
ternatives being con.sidered. Those men 
were closer to the operations being per¬ 
formed than is the average theorist of 
today; it will be noted that it was the 
plant manager, who did not claim to 
know anything about cost accounting, 
who was troubled about a decision m.ade 
by a man w'ho was an expert in cost 
accounting, but who probably did not 
know the difference between a carving 
spindle and a double-end tenoner. Mod¬ 
ern industry has become so complicated 
that wo simply must use these highly 
developed management procedures, but 
there is no safe way to apply their prin¬ 
ciples automatically or by formula. 


15 . appraisals: measuring 

THE DISADVANTAGES OF OLD ASSETS 
AS COMPARED WITH NEW ONES 

Appraisals are made for many 
different purposes and in many 
different ways. As is true of so 
many other problems in the general 
field of engineering economy, the pur¬ 
pose for which the appraisal is made 
governs to a large degree the procedure 
that should be used. For example, the 
conventional reproduction cost new of 
an identical property, less straight-line 
depreciation, seems to work quite well 
for fire insurance purposes, but not at 
all well for most other purposes for 
which commercial appraisals are made. 

In general, an indu.‘itrial property does 
not have a value inherent in itself and 
separate from its use. If, therefore, it is 
desired to appraise an exi.<i ing jiroperty, 
the first step should be to determine the 
most economical substitute projierty 
that could produce the desired service, 
and then to find the value for the exist¬ 
ing property that would make its annual 
costs equal to those of the most economi¬ 
cal substitute. 

Methods for making this sort of ap¬ 
praisal arc explained by Grant and 
Norton, who also make the following 
statements with re.si)ect to some para¬ 
doxes in this field;* 

Many par.adoxps aii.-^e in the applica¬ 
tion of this equal simmal cost viewpoint 
to replacement (■o.'it appuiisals; 

1. Often the aiipraised value of s plant 
as a whole should be less than the sum 
of the appraised values of its parts. The 
substitution of an entire new plant of 
radically different design may indicate 
many economies not possible m conlein- 
plating the most economical replacement 
asset for each part of the plant without 
any general change in the plant design 
or arrangement. 

2. The more rapid the prospective fu- 


* Grant and Norton, Depreciation, pp. 
270-276. For other information on ap¬ 
praisals and the general concept of value, 
see J. C. lionbright, Valuation of Property. 
New York, McGraw-Hill Book Company, 
Inc., 1937. 
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ture obsolescence, the more valuable 
may be the present obsolescent asset. 
Pro.spective improvements in design of 
new assets or prospective changes in 
service requirements may reduce the 
appraisal depreciation of existing old as¬ 
sets. For instance, . . . the prospect of 
further design improvements would re¬ 
duce the expected life of the new asset. 
. . . This in turn would increase the 
equivalent uniform annual costs during 
the life of the new asset and would there¬ 
fore increase the appraised value of the 
old asset. 

3. In some cases, as time goes on, the 

appraisal depreciation of an old asset 
may become less as compared to a spe¬ 
cific new one. If engineering ingenuity 
permits its better adaptation to the pres¬ 
ent service, the value of an old asset may 
increase with time even without price- 
level changes. For instance, develop¬ 
ments in materials handling by lift 
trucks . . . have served to decrease the 
value inferiority of . . . certain brick 
buildings to . . . mill-type steel-frame 
buildings. 

4. Appraisal depreciation may be nega¬ 
tive; in other word.s, the appraised value 
of an old asset may be greater than the 
cost of the most economical substitute 
asset. For instance, if the most eco¬ 
nomical substitute is a new 18-inch pipe 
line, the lower pumping costs of an old 
24-inch pipe line might give it a value 
superiority to the new pipe line. 

5. Appraised values may be negative. 
The value inferiority of the old asset 
may be greater than the cost of the most 
economical substitute. . . . This simply 
means that it would pay to make an 
immediate replacement. 

6. The less the contemplated service, 
the greater may be the appraised value. 
Although the most extreme instance of 
this seems to arise when appraising a 
plant used merely for stand-by purposes, 
it should be emphasized that the most 
economical plant for stand-by service 
may be quite different from that for 
regular operation. 


16 . DEPRECIATION 

The following discussion of this 
complicated problem will be lim¬ 
ited to those aspects of the subject that 
are of particular interest to industrial 


engineers, accountants, and the financial 
officers of corporations. It will not dis¬ 
cuss in detail the bookkeeping prob¬ 
lems involved in handling depreciation 
charges on the books.* 


16.1 ECONOMIC vs. TAX ASPECTS OF 

PROBLEM 

Many of the obstacles to a bet¬ 
ter understanding of depreciation 
fundamentals are caused by the fact 
that the problem is generally approached 
from the tax viewpoint. Depreciation is 
essentially an economic problem and 
should be studied as such. However, with 
high tax rates, decisions must be made 
with one eye on the tax collector. 

There is no real understanding con¬ 
cerning the depreciation practices that 
actually were used prior to 1934 m the 
manufacturing industries. It is often 
staled that the straight-line method is 
the best method because we have always 
used it and it is the simplest method. It 
will be shown later m this discushion 
that neither of these statements is 
strictly true. 

There is still no general understanding 
of the changes in Treasury depreciation 
tax practice that were made in 1934, or 
of the reasons for these changes. For 
example, it is still often stated that a 
principal advantage of the item method 
of handling depreciation is that this 
method enables "losses on premature 
retirement" to be written off at time of 
retirement. Such deductions have been 
prohibited by the tax regulations since 
1934, except in very unusual situations. 
This failure to understand one of the 
more important changes that were made 
in 1934 has undoubtedly cost many com¬ 
panies a lot of money in the keeping 
of useless records, and, whai is even 
worse, has prevented many taxpayers 
from using more realistic arguments 


♦See Grant and Norton, Depredation, 
for a full discussion of the economic and 
tax aspects of depreciation, including vari¬ 
ous methods of handling depreciation on 
the books 
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when seeking a liberalization of depreci¬ 
ation tax practice. 

There were several reasons for this 
ignorance on the part of so many per¬ 
sons. During the depression years of 
the 1930’s, few assets were retired, be¬ 
cause few new a.ssets were being installed 
and most taxpayers kept hoping that 
the demand for their products would 
increase to the point that all their assets 
could be used. During World War II, 
still fewer assets were retired, because 
all available facilities were required to 
handle the great demand for goods; this 
situation continued to a very largo ex¬ 
tent in the years immediately following 
World War II. In addition, there was 
such a great delay in the auditing of 
tax returns that many years sometimes 
elapsed before a taxpayer learned that 
certain deductions were not permissible. 
Finally, in some cases, where the amount 
was small, the examiner may not have 
been aw'are of the exact nature of the 
particular deduction. 

16.2 PRACTICE PRIOR TO 1934 

It is convenient to use 1934 as 

a reference date in depreciation 
discussions because most of the impor¬ 
tant changes that gradually occurred 
after 1934 were caused in large measure 
by the 193^' change in Treasury tax 
practice. 

Depreciation practice prior to 1934, 
for both financial and tax purposes, was 
a satisfactory practice largely because 
it was not what it superficially appeared 
to be. The method in general use was 
called “straight-line depreciation,” but 
in most cases the rates used were based 
on lives much shorter than actual lives. 
For example, in the manufacturing in¬ 
dustries, a 10 per cent rate was com¬ 
monly used for all machinery, although 
it must have been evident to everyone 
that average service lives we’"j much 
longer than the 10 years which corre¬ 
sponded to this 10 per cent rate. In addi¬ 
tion, the item method was generally 
used, under which any remaining un¬ 
depreciated balance was charged off at 
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time of retirement in those cases where 
retirements took place before the end of 
the estimated life. Moreover, deprecia¬ 
tion charges ceased at the end of the 
estimated life for the larger number of 
assets whose actual lives were greater 
than the estimated life. The Treasury 
permitted this method to be used on 
income tax returns because the Treasury 
w^as primarily interested in seeing that 
depreciation charges ceased when the 
first cost of an asset had been charged 
off. It is significant that these higher 
pre-1934 depreciation rates w'ere used by 
businessmen for both financial and tax 
purposes at a time when tax rates on 
business profits were so low that they 
had almost no affect on decisions con¬ 
cerning depreciation rates. 

The pre-1934 practice was a very good 
practice because it charged off the in¬ 
vestment in an asset more rapidly in 
the early years of life, when such factors 
as obsolescence cause the value to the 
owner to decrease most rapidly. In ad¬ 
dition, new assets are likely to be used 
more than old assets. Old assets are 
often held merely for occasional or 
stand-by service, during which they have 
little or no opportunity to recover for 
their ow'ners any of the investment that 
was originally made in them. 


16.3 PRACTICE FROM 1934 TO 1953 

In December 1933, a congres-sional 

subcommittee proposed, as a 
means of increasing revenue, that an 
arbitrary reduction of 25 per cent be 
made in the depreciation allowances of 
all taxjiayers for the years 1934, 1935, 
and 1936. The Treasury opposed this 
arbitrary reduction, but stated that its 
own studies indicated that the past de¬ 
preciation rates of many taxpayers had 
been excessive, because a continuance of 
such rates would permit these taxpayers 
to recover completely the basis of their 
assets before the end of the actual lives 
of these assets. The Trea.sury estimated 
that a tightening up of its own prac¬ 
tice (without any change in the law 
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itself) would produce at least as much 
additional revenue as the $85,000,000 per 
year that had been expected from the 
proposed 25 per cent reduction in all 
depreciation allowances. 

The alternative proposal of the Treas¬ 
ury was accepted by the Congress and 
no change was made in the law itself. 
Thereupon, the Treasury issued Treas¬ 
ury Decision 1^1^22 and Mimeograph 
4170, which put into effect the change in 
Treasury depreciation tax practice. 

The evolution in Treasury thinking 
concerning depreciation, and the reasons 
for the 1934 change in Treasury prac¬ 
tice, can best be understood by reference 
to the 1920, 1931, and 1942 editions of 
Internal Revenue Bulletin “F.” Mimeo¬ 
graph 4170 (and later the 1942 edition 
of Bulletin “F’’) specifically prohibited 
the deduction of so-called “losses on pre¬ 
mature retirement.’’ This was a complete 
change from the practice set forth in 
the 1931 edition of Bulletin “FF It 
really indicated a change for tax pur¬ 
poses from item accounting to group 
accounting. The complete change in 
viewpoint may not have been under¬ 
stood even by the Treasury officials; al¬ 
though Mimeograph 4170 jire.-icribed the 
group method, almost everything in it 
seems to call for information concerning 
individual items. It was not so stated, 
but the 1934 change in practice really 
indicated an acceptance by the Treasury 
of the statistical approach to life esti¬ 
mates of physical property units with 
straight-line rates based upon full serv¬ 
ice lives. 

Such straight-line depreciation, which 
the Treasury attempted to enforce after 
1934, implies that an asset with a life 
of 20 years has as much earning power 
in Its 20th year as in its first year. This 
is obviously not so in most cases, because 
of obsolescence and the fact that as 
assets grow older they tend to be used 
less intensively. In fact, in many cases 
assets are used very little during the 
last few years of life, being retained 
merely for occasional or stand-by serv¬ 
ice. Under Treasury rules, the life of an 
asset does not come to an end until it 
is actually retired, and any years of 


stand-by service count just as much in 
determining the depreciation rate as do 
the first few years of life. In most cases, 
if investments in depreciable assets are 
to be recovered at all through the opera¬ 
tions of these particular assets, the in¬ 
vestments must be recovered during that 
portion of the lives when the assets are 
used in what may be called primary 
service. 


16.4 STRAIGHT-LINE ITEM METHOD 

Printed discussions in textbooks 

and handbooks, and interviews 
w'lth engineers, accountants, and busi- 
nes.smen, indicate that most persons con¬ 
cerned with the depreciation problem 
behove that the straight-linc method has 
been used almost exclusively for many 
years past in the competitive industries 
of the United States. This is simply not 
so. It is true that the method used today 
in most comiianies in the competitive 
industries is called “straight-line depreci¬ 
ation," and thi.B name goes back for 
many years. But until 1934 the method 
carrviiig this name made no attempt to 
distribute the cost less salvage value 
over the full service life of an asset. 
The rates used were almost always 
greater than the rates corresponding to 
full service lives. 

Nor is the straight-hne method the 
simplest method to use, if full con¬ 
sideration is given to mortality disper¬ 
sion and the fact that, with very few 
exce])tions, post-1934 Treasury practice 
did not allow so-called “losses on pre¬ 
mature retirement” to be charged to 
expense m year of retirement. This par¬ 
ticular feature of post-1934 Treasury 
practice means that group depreciation 
accounting must be used for tax pur¬ 
poses no matter how the taxpayer 
handles depreciation for his own finan¬ 
cial purposes. If group depreciation is 
used for tax purposes, it is doubtful if 
there are any advantages of the item 
method that would justify the average 
taxpayer in using the item method 
merely for his own financial purposes. 
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16.5 ITEM ACCOUNTING VS. GROUP AC¬ 
COUNTING 

The following oversimplified ex¬ 
ample will ilhistrate the normal 
mortality characteristics of a group of 
supposedly identical assets, and will ex¬ 
plain why post-1934 Treasury regula¬ 
tions did not ordinarily permit so-called 
"losses on premature retirements” to be 
charged off at time of retirement. 

Assume that a group of 15 identical 
as.sets are installed at the same time and 
that the actual average service lives of 
these assets will be 10 years. It is 
normal for some of these a.ssets to have 
lives shorter than 10 years and for 
others to have lives longer than 10 


years. Assume 

that the 

actual service 

lives are as follows: 


Number of 

Age at 

Service Years 

Assets 

Retirement Obtained 

2 

8 

16 

3 

9 

27 

5 

10 

50 

3 

11 

33 

2 

12 

24 

Total 15 


150 


This table proves that the average life 
of these 15 assets is 10 years, and that 
the owner receives from them a total of 
150 service years, which is just what he 
should obtain from 15 assets having an 
average life of 10 years. Because this 
sort of mortality di.spcrsion is the normal 
situation, there is no "premature retire¬ 
ment” when the assets are retired at 
ages of 8 and 9 years. It is for this 
reason that after 1934 the Treasury did 
not permit the writing off for tax pur¬ 
poses of these so-called "losses on 
premature retirement.” (Differences be¬ 
tween book value and salvage value 
may be written off on retirement where 
the retirement is caused by a casualty.) 

If the straight-line group method is 
applied to the 15 a.ssets just described, 
the entire investment will be charged off 
by the time the last asset is retired, if 
a 10 per cent rate is used. 

Not only is the group method the 
normal method because of such things 
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as mortality dispersion, but in addition 
it is the simplest and least expensive 
method. However, if the straight-line 
group method is used, the method will 
be a simple and economical method only 
if the actual average service lives agree 
closely with the estimated lives used 
in setting the depreciation rate.s for the 
various groups. In most cases, changes 
must be made in depreciation rates be¬ 
cause of changes in average service lives 
or errors in estimating service lives. Each 
analysis to revise depreciation rates in 
the straight-line group method requires 
an age distribution of the dollar values 
of assets in the plant account and an 
estimate of the average remaining life 
of the assets in each age group. In the 
manufacturing industries, there is sel¬ 
dom enough information to enable such 
rate revisions to be made on any logical 
basis. 


16.6 DEPRECIATION METHODS PERMIS- 
.SIBLE UNDER THE INTERNAL 
REVENUE CODE OF 1954 

The 1954 Federal tax law in the 
United States incliuled a number of 
changes relative to the tax treatment of 
depreciation. As alternatives to the 
straight-line method based on full serv¬ 
ice life (the standard for the previous 
twenty years), taxpayers were given the 
option of using several other methods. 
The newly jiermi.ssible methods made it 
possible to write off the cost of fixed 
assets more rapidly during the early 
years of life. Permission to use these 
methods was limited to depreciable as¬ 
sets with useful lives of three years or 
more that were new after December 31, 
1953. 

One of the methods permitted was the 
declining-balance method using a rate 
double the straight-line rate based on 
full .service life. In the declining-balance 
method, the rate used is applied each 
year to the depreciated book value (i.c., 
to the asset account balance minus the 
depreciation reserve account balance). 
For example, consider a group of assets 
having an estimated average service life 


ENGINEERING ECONOMY 



INOtNEERiNO iCCMIOMY 


1S7 


U.7] 

of 20 years with zero salvage value. The 
appropriate straight-line rate is 5 per 
cent: under the 1954 law, the permissible 
declining-balance rate is 10 per cent. 

Consider a 10 per cent declining-bal¬ 
ance rate applied to $50,000 of assets 
acquired in a given year. If a full year’s 
depreciation is charged for the first year 
in which any depreciation charge is 
made, the depreciation charge is $5,000 
for the first year, $4.5(X) for the second, 
$4,050 for the third, and so on. If the 
common half-year convention is fol¬ 
lowed and one-half year’s depreciation 
is charged during the ^ ear of acquisition, 
$2,500 of depreciation is charged for the 
acquisition year, $4,750 for the first full 
year thereafter, $4,275 for the following 
full year, and so on. 

A declining-balance rate that is twice 
the appropriate straight-line rate will 
write off approximately two-thirds of 
the depreciable cost during the first half 
of the average service life of a group of 
assets. A characteristic of the declining- 
balance method as applied to groups of 
a.ssets having zero salvage values is that 
some book value always remains at any 
age. With the rates permitted by the 
1954 law, from 87 to 90 per cent of the 
cost of a group of assets will have been 
written off when the estimated average 
service life has been reached; this per¬ 
centage varies slightly with the length 
of estimated life. In the common case 
where the longest-lived assets in a group 
last twace as Jong as the estimated 
average life, nearly 99 per cent of the 
cost will be written off when the final 
asset of the group is retired. 

An alternate optional method permitted 
by the 1954 law is the sum of the years- 
digits method. In this method, the digits 
corresponding to the number of years of 
estimated life are added together. For 
example, if the life is 20 years, the 
sum of the digits from 1 to 20 is 210. 
The depreciation charge in the first year 
is 20/210 of the depreciable cost (i.e., 
of first cost minus estimated salvage 
value); in the second year, 19/210; in 
the third year, 18/210; and so on, to 
1/210 in the twentieth year. 

Another option permitted was any 


other consistent method that did not re¬ 
sult in accumulated allowances at the 
end of any year greater than the total 
of the accumulated allowances that 
would have resulted from the use of the 
permissible declining-balance rates. This 
limitation applied only during the first 
two-thirds of the life. Conceivably, this 
option might be adopted using two 
straight-line rates, a higher rate during 
the first two-thirds of the estimated 
life and a lower rate thereafter. 


16.7 SELECTING A DEPRECIATION AC¬ 
COUNTING METHOD UNDER THE 
1954 LAW 

In the great majority of cases, it 
will prove advantageous for busi¬ 
ness enterprises to adopt one of the al¬ 
ternatives to straight-line depreciation 
permitted for tax purposes under the 

1954 law. Such action is in the public in¬ 
terest as well as in the self-interest of the 
enterprise itself. The liberalization of de¬ 
preciation tax allowancts in 1954 was 
a distinct step forward—one that was 
advocated for many years by the author 
of this section.* 

High income taxes constitute a deter¬ 
rent to many proposed investments in 
capital goods. Many proposed cost-sav¬ 
ing investments in industry that would 
be economical if there were no income 
taxes become uneconomical when these 
tax rates are high. In this way, income 
taxes constitute a deterrent to techno¬ 
logical progress. This deterrent is in¬ 
creased by low allowable depreciation 
write-offs in the early years of life and 
is decreased by permission to use a more 

* See Chapters 16 to 18 of Grant and 
Norton, Depreciation, for a full statement, 
first published in 1949, giving reasons fav¬ 
oring tax law changes such as those later 
adopted in 1954 See Chapter IQ of the 

1955 revised printing of Depreciation for 
a discussion of technical aspects of choos¬ 
ing a depreciation method under the 1954 
law; this 1955 printing also contains ex¬ 
tensive tables applicable to the declining- 
balance and sum of the years-digits 
methods. 
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rapid write-off during the early years. 
Moreover, the more rapid write-off is 
consistent with the typical rapid decline 
in value to the owner of many fixed as¬ 
sets during the early years of their 
lives; it gives consideration to the fact 
that many asset.s are used for stand-by 
purposes or for other inferior purposes 
in their final years of life. 

If the decision is made to abandon 
the straight-line method m favor of one 
of the 1954 optional methods for new 
assets acquired in 1954 and thereafter, 
the usual choice will be between the 
declining-balance method and the sum 
of the years-digits method. Criteria to 
govern this choice might properly in¬ 
clude the convenience and ex[)ense of the 
depreciation accounting, the differences 
in rates of write-off under the two 
methods, and the rea.«onableness of the 
respective wTite-off figures as a guide to 
various business decisions that are in¬ 
fluenced by information from the ac¬ 
counts. 

In general, when many assets are 
included in a single account, the required 
accounting will be much simpler and less 
expensive under the declining-balance 
method than under the sum of the years- 
digits.method. With the former method, 
one depreciation rate is applied to the 
entire book value in an account (asset 
account balance minus depreciation re¬ 
serve balance) to determine the annual 
depreciation charge. With the latter 
method, a different rate must be applied 
to each year’s acquisitions and detailed 
records showing the exact age of each 
asset are needed at all times. 

The sum of the years-digits methc ’ 
permits a slightly greater write-off dm - 
ing the first half of the estimated service 
life than is possible with the declining- 
balance rates allowed by. the Internal 
Revenue Code of 1954. The difference in 
favor of the sum of tlic years-digits 
method is somewhat greater for long- 
lived a.ssets than for short-lived ones. 
For example, for assets with a 10-year 
e.stimated life, the write-off at the age of 
5 years will be 67.23 per cent with the 
declining-balance method and 72.73 per 
cent with the sum of the years-digits 
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method. This contrasts with 64.15 per 
cent and 74.39 per cent, respectively, as 
the amounts written off after 20 years 
for assets having a 40-year estimated 
life. Moreover, some small write-off un¬ 
der the declining-balance method con¬ 
tinues until the final unit of a group has 
been retired, usually some years beyonc 
the estimated average service life. In 
contrast, the sum of the years-digits 
method writes off all the depreciable 
cost (first cost minus estimated salvage 
value) at the end of the estimated 
service life and no further write-off is 
possible when an asset survives beyond 
that date. 

In many instances, a review of the 
criteria of choice will lead to the con¬ 
clusion that it IS best to use the declin¬ 
ing-balance method for groups of assets 
in such accounts as machinery and furni¬ 
ture and fixtures, particularly if the 
average service lives of the as.sets are 
relatively short and considerable mor¬ 
tality dispersion is expected. In contrast, 
the sum of the years-digits method will 
appear to be superior for item accounts 
such as buildings and structures, particu¬ 
larly where the average service lives are 
relatively long. 

16.8 SEVERITY OF TREASURY TAX 

PRACTICE 

Taxpayers often charge that 

Treasury officials, in their proper 
desire to collect all the taxes that are 
due, are unreasonably severe in adminis¬ 
tering the tax iaws and regulations. Some 
taxpayers even charge that Treasury 
officials make a regular practice of an¬ 
ticipating items of revenue and postpon¬ 
ing items of expense to the greatest 
possible extent. Whatever the merits of 
these charges, there can be little doubt 
that after 1934, there was an increasing 
tendency to require that expenses be 
capitalized and charged off through de- 
jireciation deductions whenever the ef¬ 
fect of an expenditure extends over more 
than one year, even though the life ex¬ 
pectancy or the productive efficiency of 
the asset is not increased. The treatment 
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of roof repairs and of periodically over¬ 
hauling equipment are examples of this 
severity of Treasury practice. Gibson 
discusses this as follows:* 

What underlies the recent trend? Why 
have Bureau examiners begun to ques¬ 
tion the deduction of items that were 
formerly deducted in common practice? 
The answer may be that they attach 
too much importance to the term, “Capi¬ 
tal Expenditures," disregarding the fact 
that the expression is not precisely de¬ 
fined, and probably was never intended 
to be. Examiners are frequently heard 
to say that such and such items are 
“capital expenditures by nature” and 
therefore cannot be expense. Such an 
assumption bars the very consideration 
of surrounthng circumstances which 
ought to determine the point. The real 
question is whether the item is one that 
can appropriately be a charge against 
current business. If the answer to that 
question is “yes,” the item is current 
expense. If “no,” then it becomes a capi¬ 
tal expenditure (or perhaps a prepaid 
expense). 

Most business expenditures, of course, 
raise no question. Everybody knows that 
the co.st of a new plant is a capital in¬ 
vestment. Everybody knows that the pay 
. of the man on the production line is ex¬ 
pense, Many kinds of outlay can be clas¬ 
sified as readily, but many others can¬ 
not. There is a wide bordei land between 
the definite capital expenditures and the 
definite expenses. In this borderland zotm 
are items not easily tc.sted by indefinite 
phrases like “increasing the capital value 
... of property.” Many others have no 
connection with ileiiLs of plant or equip¬ 
ment, but are spent in some intangible 
undertaking, as in a search for informa¬ 
tion. Such undertakings are often closely 
associated with current operation activi¬ 
ties carried on by the same personnel. It 
is literally impossible to know, in connec¬ 
tion with the intangible expenditures in 
a going business, when the books are 
closed at the end of a year, whether the 
expenditures will have resulted m the 
possession of something having a “useful 


* Reprinted with permission from The 
Controller, July 1945, published by Con¬ 
troller's Institute of America. 


life extending substantially beyond the 
end of the year.” 

16.9 “allowed" and “allowable” 

DEPRECIATION 

From 1932 through 1951, the law 

stated that the basis for future 
depreciation charges and for determining 
gam or loss on disposal must be reduced 
by the deduction-s since February 28, 
1913, “to the extent allowed (but not 
less than the amount .allowable). . . .” 
The Treasury interpreted this phrase so 
strictly that the basis had to be reduced 
by the amount “alUnved” or “allowable" 
each year taken separately. In .^ome 
cases, the basis over a period of years 
had to be reduced by an .amount greater 
th.aii the total of either the amount 
"allowed” or “allowable” taken sepa¬ 
rately, This situation was corrected to 
a certain extent by an amendment to 
the Internal Revenue (kide apiiroved on 
.luly 14, 19.52, effective January 1, 1!».52, 
aiul retroactive to all periods since Feb¬ 
ruary 28, 1913, if election w;is made 
prior to December 31, 1952. (In 1953, 
the retroactive deadline was exteniled to 
December 31, 19.54.) Under ihis 19.52 
amendment, the ba.sis mu.st still be re¬ 
duced by the amount “allowable” each 
year even if the ilediiction does not 
repre.sent a tax .saving, but amounts “al¬ 
lowed” that arc greater than amounts 
"allowable” do not reduce the basis ex¬ 
cept where there has been a tax .saving. 

Even with the 1952 amendment, a 
taxjiayer may not always recover tax- 
free his entire investment in an asset 
whose entire operations have .shown a 
profit, becau.se “allowable” dejireciation 
must still be deducted from the basis 
in a loss year. This risk of loss is reduced 
by the privilege of carrying losses back 
and forward to profit years. Rut even if 
losses could be carried back or forward 
for an unlimited period, a taxpayer 
would not be completely protected if 
the amount claimed in a loss year was 
later held to be less than the amount 
“allowable” and the year in question was 
a closed year. 
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16.10 TREASURY ATTITUDE TOWARD 

OBSOLESCENCE 

It is only partly true that the 

Treasury' depreciation tax practice 
after 1934 gave reasonably adequate 
consideration to the effects of obso¬ 
lescence. What was called “normal” 
obsolescence was supposed to receive 
consideration in figuring the estimated 
life of the asset. In addition, when it 
became apparent that the life of an 
asset would shortly come to an end 
because of what was termed “extraor¬ 
dinary” obsolescence, the depreciation 
rate could be increased sufficiently to 
enable the remaining undepreciated bal¬ 
ance to be charged off by the time 
life came to an end It should be noted 
particularly that in both types of obso¬ 
lescence the only effect of obsolescence 
that was considered was that which ends 
the life of an as.set. Treasury practice 
after 1934 gave absolutely no considera¬ 
tion to another, and often much more 
important, effect of obsolescence: the 
decrease in value during life. It must be 
admitted that Treasury practice in this 
respect was perfectly consi.'stent with the 
idea shared with the Treasury by so 
many accountants and businessmen, t hat 
straight-line depreciation, with rates 
ba.sed on full service life is the correct 
depreciation method. The best way to 
give real consideration to obsolescence 
and other factors that cause value to 
decrea.‘'e more rajiidly in the early part 
of life would be to use the declining- 
balance method. 


16.11 DEPRECIATION AND PRICE-LEVEL 
CHANGES 

From the depreciation viewpoint, 
problems are created by price- 
level changes no matter whether the 
change is up or down. However, the 
problem is generally more serious when 
the change is to a higher level of prices. 

When the price level declines, the 
owner of an asset purchased at the 
higher price level must expect to have 
competition from similar machines that 
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represent tow«r investments, and there¬ 
fore lower investment charges. Declin¬ 
ing pyice levels thus have a tendency to 
cause a more rapid decrease in value to 
the owner than would be the case with 
a stable price level. Under such cir¬ 
cumstances, a conservative management 
naturally desires to write off the original 
investment more rapidly, even though 
nothing has happened that would indi¬ 
cate a shorter service life. Unfortunately, 
Treasury practices have not generally 
permitted this more rapid decrease in 
value to the owner to be recognized for 
tax purposes through higher deprecia¬ 
tion charges. Unlike an increase in the 
price level, however, a decrease in the 
price level does not ordinarily cause seri¬ 
ous jiroblems in financing replacements. 

An increase in the price level causes 
taxable profits to be greater than eco¬ 
nomic profits. The amount of cash re¬ 
tained by the company as a result of 
depreciation charges is not sufficient to 
replace equipment even when the oper¬ 
ations of the company have been profit¬ 
able before taxes. 

During the inflationary period follow¬ 
ing World War II, many companies at¬ 
tempted to protect themselves in some 
measure against the effects of the higher 
replacement cost of equipment by making 
depreciation charges that were larger 
than the charges resulting from the usual 
straight-line method, where depreciation 
charges are based on the co.st of the 
as.set and on the full service life of the 
asset. These higher depreciation charges 
were not permitted for tax puritoses and 
have been criticized by many persons 
as attempts to make profits reported 
in annual reports seem to be lower than 
the real profits earned by the company. 
In- the immediate postwar period, a 
number of these companies attempted to 
relate these higher depreciation charges 
directly to the replacement cost of assets 
that had been installed at lower prices. 
This practice was opposed by many per¬ 
sons, including the American Institute 
of Accountants and the Securities and 
Exchange Commission, and eeems to 
have been replaced in most cases by a 
method under which charges are based 
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<m cost, but with rates considerably 
greater than those permitted for tax 
purposes. 

No depreciation method based on 
original cost can protect the owner of 
depreciable assets against higher replace¬ 
ment costs, or provide the money for 
replacements at higher costs, but it is 
true that the more rapidly the invest¬ 
ment is written off (the higher the 
depreciation rates) the less difficult the 
depreciation problem becomes under all 
conditions. What makes the depreciation 
problem very difficult under the most 
favorable conditions, and virtually in¬ 
soluble under inflationary conditions, is 
the long period of time required for the 
recovery of investments in plant and 
equipment. High replacement costs are 
therefore only one more reason for 
changing from the straight-line method 
to a method like the declining-balance 
method, which i.s so much more realistic 
from the economic and financial view¬ 
points. 

There is an important reason why 
taxpayers may never receive permission 
to deduct for tax purposes depreciation 
charges on the higher replacement cost 
of present assets. Although these tax¬ 
payers certainly do have a difficult prob¬ 
lem in obtaining funds for replacements, 
they also have some advantage from the 
higher replacement costs of their present 
as-sets. These higher replacement costs 
of the present assets should increase the 
value of the present assets to their 
owners and make possible higher prices 
for the products of these present assets. 
The owners of government savings bonds 
and other fixed dollar obligations do not 
have an opportunity to reduce even par¬ 
tially the effects on them of inflation. 
Proposals to allow depreciation charges 
on replacement costs to be used for 
tax purposes would be opposed as a 
special privilege given to the owners of 
depreciable assets, and not available to 
others who also suffer from the effects 
of inflation. 

There can be no doubt that high re¬ 
placement costs increase greatly the dif¬ 
ficulty of the depreciation problem. If 
the inflation becomes extreme, as was 


the case in some European countries, it 
may be necessary to make some ad¬ 
justments in depreciation practice, such 
as a revaluation of assets for future de¬ 
preciation charges. However, it should 
be remembered that the real purpose 
of the depreciation charge in the ac¬ 
counts is to record the consumption of 
existing facilities, and not to provide re¬ 
placement funds. 


17. RETIREMENTS AND REPLACE¬ 
MENTS 

Most of the elements of engineer¬ 
ing economy that have been con¬ 
sidered m the previous articles of this 
section appear in some form in a mo.st 
important problem that has long been a 
favorite among writers in this general 
field. The name “machine replacement 
problem” is the choice of many writers, 
but does not really cover all the aspects 
of what can best be discussed as a single 
broad problem, with many slightly dif¬ 
ferent subdivisions. 7’his discussion will 
employ the name “retirements and re¬ 
placements,” because in its broadest 
sense the problem includes all case.'^ 
where consideration is being given to the 
substitution of a different method for 
providing a certain service. 

There are often retirements without 
replacements of depreciable assets. A 
simple illustration is the decision to 
purchase an article that has formerly 
been manufactured. Some of the errors 
likely to be found in this kind of study 
have been commented upon in example 
19, Art. 14.1. 

Even when there is an actual replace¬ 
ment at some time, the retirement and 
replacement may often not occur at the 
same time. For example, much produc¬ 
tive equipment is installed in periods of 
great demand without any immediate 
retirement of existing equipment. Also, 
there is likely to be considerable retire¬ 
ment of facilities in times of small de¬ 
mand without any immediate replace¬ 
ment. Thus, in many cases, replacement 
takes place either considerably before 
or considerably after retirement. This 
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particular feature of the “replacement” 
problem is probably the main reason 
why the “short pay-off” requirement so 
often mentioned does not really have as 
much effect as many persons think it 
does. This requirement will be discussed 
further in Art. 17.5. 

The characteristic that differentiates 
this particular enRineering economy 
problem is the need to determine the 
cost of continuing to own and use a 
present asset. The fact that this deter¬ 
mination cannot be avoided is one reason 
why discussions of this problem appear 
so frequently in engineering economy 
discussions. The errors that are so often 
fqund in these discussions are the re¬ 
sult of failures to understand such things 
as sunk coats (see example 18, Art. 13.2) 
and the limitations of accounting infor¬ 
mation as a basis for business decisions 
(sec example 19, Art. 14.1). 


17.1 COMMON ERRORS IN RETIREMENT 
AND REPLACEMENT STUDIES 

Grant discusses these errors as fol¬ 
lows;* 

Observation of the practice of industri¬ 
alists in such studies and of llie pub¬ 
lished literature of the subjett indicates 
four errors which it seems are often made 
in dealing with replacement economy: 

1. Considering the excess of present 
book value over the net realizable value 
of the old asset as an addition to the 
investment m the new asset. This error 
increa.ses the apparent cost associated 
with the new asset, and thus tends to 
prevent replacements which are really 
economical. 

2. Calculating depreciation and inter¬ 
est (i.e., capital recovery) on the old 
asset on the basis of its original cost 
rather than its present net realizable 
value. This usually increases the appar¬ 
ent costs a.ssociated with the old assets, 
and thus tends to favor replacements 
which are really uneconomical. 

3. Where indirect costs (.burden) are 


* Grant, Principles of Engineering Econ¬ 
omy, 3rd ed., pp. 378-379. 
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allotted in the cost accounting system in 
proportion to direct costs (usually in 
proportion to direct labor cost), assum¬ 
ing without investigation that a reduc¬ 
tion of direct expenditures will effect a 
corresponding saving in indirect expendi¬ 
tures. This error usually makes the ap¬ 
parent saving from proposed replace¬ 
ments greater than the saving which it 
is actually possible to realize, and thus 
tends to favor replacements which are 
really uneconomical. 

4. In cases where the proposed new 
asset provides more capacity than the 
old asset, comparing unit costs realizable 
only with full-capacity operation, rather 
than comparing the actual costs realiza¬ 
ble with the expected output. Whore 
such exce.ss of capacity is not likely to 
be used, this unit cost comparison tends 
to favor the asset with the surplus ca¬ 
pacity, and is therefore favorable to 
replacements which are really uneco¬ 
nomical. 

The first two of these errors cited 
result from a failure to recognize the true 
nature of depreciation accounting as a 
time allotment against future dates of 
money alrcadj’^ spent. The third results 
from a failure to understand clearly the 
nature of cost accounting allocations. 
The fourth is merely an unrealistic use 
of unit costs. 

In spite of the fact that these are 
obvious errors, formulas containing one 
or more of them have continued to be 
cojiied year after year in textbooks, 
handbooks and periodicals. The fact 
that so many unsound formulas are 
continuing to appear in engineering 
economy discussions is iiroof that- no 
one should use any formula unless he 
understands the derivation of the for¬ 
mula and is sure that the formula may 
properly be used for the problem being 
considered. 


17.2 THE INVESTMENT COST OF A 
PRESENT ASSET 

Most retirement and replacement 
studies can best be made by using 
the annual-cost method explained at 
length in Art. 4. When all the alterna- 
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tives being considered involve proposed 
investments, as in the examples of Art. 
4, there is generally no difficulty in de¬ 
termining the value that should be used 
for the investment which must be spread 
over some future life; this value is 
simply the estimated cost installed and 
ready to operate. However, for the rea¬ 
sons given in example 18, Art. 13.2, 
neither the first cost nor the book value 
of the present asset provides a rational 
basis for computing capital recovery cost 
in a retirement or replacement study. 
The investment cost of a present asset 
in a retirement or replacement study 
should be the realizable value of the 
asset. This realizable value is the highest 
of such values as second-hand value, 
scrap value, or value to the present 
owner for some other purpose. 


17.3 EXAMPLE 20, A REPLACEMENT 
STUDY 

This example is intended to illus¬ 
trate a number of important ele¬ 
ments that may or may not be present 
in any specific replacement problem. A 
very important clement—the irrelevance 
of the book value of a present asset— 
has already been discussed at consider¬ 
able length in example 18, Art. 13.2. 

As .stated in example 18, an automatic 
lathe with a first cost of $4,500 installed 
is being considered as a reiilacemont for 
a 10-year-old turret lathe for which the 
present realizable value is its second¬ 
hand value of $1,500, as the company 
would have no other use for the turret 
lathe if it were rejilaced m its present 
work. 

The proposed automatic lathe i.s so 
special that its second-hand value would 
be negligible and it could not be u.scd 
on any other product of the company. 
Because of the risk that thus jiroduct 
may itself br superseded by another 
product in a few years, the company is 
unwilling to invesi in this aiilomatic 
lathe unless the study indicates that the 
investment will be fully recovered in 5 
years. Becau.^c the turret lathe i.** of a 


type that has a ready second-hand-mar¬ 
ket, it is estimated that its realizable 
value at the end of the 5-year study 
period will be at least $800. This com¬ 
pany employs a minimum attractive 
rate of return of 8 per cent in studies of 
this sort. 

The turret lathe (with its sjiecial tool¬ 
ing for this job) has a single-shift ca¬ 
pacity on this operation of 4,000 pieces 
per year, which is approximately the 
present rate of consumption. The pro¬ 
posed automatic lathe would have a 
capacity of 10,000 ])ieces per year on 
a single-shift basis. There is no present 
indication that the rate of consumption 
will increase, but, since this company 
operates many of its machines on a 
double-shift basis, it would be a simple 
matter to increase the production of 
the turret lathe up to 8,000 pieces per 
year, if the demand increased even 
temporarily. Under these circumstances, 
the additional capacity of the automatic 
lathe will not be given any consideration 
in the study, and the machines will be 
compared on the basis of what it will 
cost to produce 4,000 pieces per year 
with each machine. 

Because of the several differences be¬ 
tween the two machines and the way 
they are operated in producing 4,000 
jiieces per year, it is obvious to the 
officials of this company that the com¬ 
parison cannot be made on the basis 
that there will be a saving in factory 
overhead that is proportional to the 
.saving m direct labor. Therefore, an 
estimate ha.-> been m.-ule to determine a 
reasonable figure for factory overhead 
with each machine, ii.sing estimating 
methods that are entirely .separate from 
the regular cost-accounting system. It is 
estimated that for the puri)o.ses of this 
study the annual direct labor costs will 
be $3,5(K) for the turret lathe and $1,200 
for the automatic lathe; al.'^o that all 
other annual cash disbursements will be 
$4,200 for the turret lathe and $3,900 
for the automatic lathe. 

Using tlic.^e data and the method of 
example 2, Art. 4.3, the annual costs 
for the two machines by the accurate 
compound intere.'t method are: 



ENGINEERING ECONOMY 


144 


Turret Lathe 

Cap rec. cost 700(0,25046) « $ 175 
Int. on salv. val. 800(0.08) "= 64 

Direct labor cost ■= 3,500 

Other annual disb. = 4,200 


Total annual cost = $7,939 

Automatic Lathe 

Cap. rec. cost 4,500(0.25046) * $1,127 

Int. on salv. val. . 

Direct labor cost = 1,200 

Other annual disb. = 3,900 


Total annual cost = $6,227 


This study indicates that the replace¬ 
ment should be made, because the pro¬ 
spective savings in operating costs should 
be sufficient to recover the investment 
in the automatic lathe during the 5-year 
study period, plus 8 per cent return on 
the investment during the recovery, and 
there should be additional savings of 
$1,712 per year during the 5-year study 
period. 

By using a cut-and-try method similar 
to that of example 10, Art. 6.2, it is a 
simple matter to determine both how 
soon this additional investment would 
“pay for itself” at 8 per cent interest, 
and what the “rate of return” would be 
on the additional investment for a 5-year 
study period. However, for the reasons 
given in Arts. 6.4 and 6.5. neither of 
the.«e items of infonnation is usually im¬ 
portant enough to justify the tune re¬ 
quired to determine it. The amount by 
which the propo.sed machine is better 
than the minimum requirement of re¬ 
covering the additional investment in 
5 years plus 8 per cent can just as well 
be expressed as $1,712 per year as in 
any other way. 

It will be noted that in example 20 
the investment charges are much smaller 
than the annual cash disbursements. 
There are many cases where either this 
or the reverse situation is true. In such 
cases, it is obviously important to give 
full consideration to the accuracy of 
the data in the portion which has the 
greater effect on the final values. On the 
other band, in this particular case there 
is enough margin so that a very con¬ 
siderable inaccuracy in the estimates of 
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annual disbursements would hardly re¬ 
verse the indication that the replace¬ 
ment should be made. 


17.4 THE ECONOMIC LIFE CONCEPT 

The phrase “economic life” occurs 
frequently in discussions of retire¬ 
ment and replacement theory, but the 
exact meaning- is not always clear. Ma¬ 
chines certainly have economic lives in 
the sense that their economic lives come 
to an end when they are replaceable for 
economic reasons, but these economic 
lives are certainly not attributes of the 
machines as distinguished from their sur¬ 
roundings and use. Grant discusses this 
idea as follows:* 

The notion that an a.sset has an in¬ 
herent economic life determinable in 
advance is decidedly misleading. How¬ 
ever. if enough elements of the replace¬ 
ment economy situation were immune 
fiom change, “economic life” would then 
have a definite and useful meaning. If 
each new asset could be counted on to 
repeal the cost history of its predecessor 
asset, having the same first cost, the 
same salv.age value at each age, and the 
same annual receipts and disbursements 
as its piedecessor for each year of life, 
there would be one particular life that 
would be economically superior to all 
others If leceipts, other than salvage 
value, weie independent of age, the eco¬ 
nomic ifp would be the one that resulted 
in minimum equivalent uniform annual 
co.sl in the long run. This economic life 
would dojicnd not only on the pattern 
of cost histoiy but also on the assumed 
interest rate or minimum attractive 
return. 

The information given in Arts. 11 and 
15 on amount of utilization and on ap¬ 
praisals will be helpful in understanding 
why the economic life of an asset comes 
to an end primarily because of external 
causes rather than things inherent in the 
a.ssct itself. In addition, even in cases 
where it might be reasonable to make 
estimates for the future on the basis of 

* Grant. Principles oj Engineering Econ¬ 
omy, 3rd ed., p. 516. 
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replacing assets with presumably identi¬ 
cal assets for use in service that seems 
to be identical with the previous service, 
the fact of mortality dispersion in the 
lives of seemingly identical assets makes 
it impossible to state that any specific 
asset should be retired when it reaches 
an age equal to the average life of the 
group. Further information about this 
point may be found in Art. 16.5. 

Those desiring an extensive discussion 
of the economic life concept should refer 
to treatises that develop the conce|)t 
from its basic principles.* Here we can 
say only that when one is seeking to 
determine whether an asset should be 
retired (i.e., whether it has reached the 
end of its economic life), the age of the 
asset anil the rcLatioiish p of iluii age to 
average realized lues of sun lar assets 
are both completely irrelevant. In mak¬ 
ing a retirement study to determine 
whether a specific asset should be re¬ 
tired, the age of the asset means nothing. 
The real question at i.ssue is whether the 
prospective future cost with the present 
asset will be more or less than with 
the most economical available substitute 
asset. 


17.5 LENGTH OF PAY-OFF PERIOD 

Whenever equivalent uniform 
annual costs are determined by 
spreading an inve.>5tment over a prospec¬ 
tive life, it i.«, of course, necessary to set 
a period {usually called the pay-off 
period) during which the investment, is 
expected to be recovered. When calculat¬ 
ing the capital recovery cost for a pro¬ 
posed investment, the usual procedure 
is to assume zero salvage value at the 
end of the pay-off ])eriod, which is fre¬ 
quently much shorter tlian the prospec¬ 
tive service life. 

There is no general agreement on what 
is meant bj'^ the pay-off period. Some¬ 
times the method used requires that 

* See George Terborgh, Dynamic Equip¬ 
ment Policy (New York: McGraw-Hill 
Book Company, Inc., 1949J. See also Chap¬ 
ter 20 of Grant, Principles of Engineering 
Economy, 3rd ed. 
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there be a complete recovery of the in¬ 
vestment in the study period plus a min¬ 
imum attractive rate of return on the 
investment during the study period. In 
other cases, the only reipiiremenr is that 
the investment be recovered in the study 
period, with no return on investment 
during the study period. In some discus¬ 
sions of the problem, there even seems 
to be confused reasoning in the interpre¬ 
tation of this element of the study. 

The writer believes that in most cases 
it IS better to view the pay-off i>eriod 
and the minimum attractive rate of re¬ 
turn as two separate components of the 
problem, as was done in examples 1, 2, 
;i, and 20 However, satisfactory results 
often seem to be attained by ti.«ing a 
.study period that is relatively .short ami 
omitting the rare-of-return charge, the 
idea being that if the study indicates 
that the investment will be recovered 
in the rather short period, the chances 
are good enough that the asset will be 
useful for an additional period that is 
long enough so that there will be both a 
recovery of the investment and also the 
necessary return on the investment dur¬ 
ing recovery. Probably the best argu¬ 
ment against this practice is that it 
really docs not save much time or effort 
m making the study, and the results are 
certainly not as easy to interpret as 
when the jiay-off {leriod and the mini¬ 
mum attractive rate of return are in¬ 
cluded separately. 

If IS often reasonable to concentrate 
attention on the early years of the lives 
of assets, in w'hich case it is also often 
reasonable to estimate as a salvage value 
the prospective value to the owner at 
the end of the study period. Grant dis¬ 
cusses this as follows:* 

Where it seems likely that such factors 
as improved altei natives, changes in 
service lequirements, and increasing 
opeiation and maintenance costs with 
age will combine to give a rapid decline 
in value to the owner during the early 
years of life, this prospect should be con- 
sideted in an economy study. Another 
reason for giving particular attention to 

* Grant, Principles of Engineering Econ¬ 
omy, 3rd ed., pp. 198-199. 
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the early years of life is the difficulty 
of making reliable forecasts for the more 
distant future. When it is proposed to 
acquire new assets, it may be evident 
that there is a prospective market in the 
immediate future for the product or 
service that they will make possible. 
However, the continuation of this market 
for a long period may be uncertain 
Often it may seem reasonable to make 
estimates for, say, 5 years, but not for 
20 years, when the purclia.se of machin¬ 
ery with an estimated service life of 20 
years is contemplated. One needs only to 
recall the happenings of the past 20 years 
to realize the uncertainties involved in 
forecasting the ne.\t 20 It !.« common for 
prospective purchasers of plant and ma¬ 
chinery to feel that if they do not suc¬ 
ceed in recovering the major part of 
their invcfclment in the early yeais of 
life, they arc likely never to recover the 
full m\e.stinent. 

For tlu>e ipa.son.s it is often appiopri- 
ale for engineering eeonomy studies to 
use study pciiods much .shorter than the 
full exjiected service life. Obviou.sly the 
appropriate study pi'iiod must depend 
on the tyjip of assct.s that it is proposed 
to acquire and on all the surrounding cir- 
cumstames. However, many circum¬ 
stances exist where it is reasonable to 
follow one of the two following sugges¬ 
tions : 

1. Assume the study period to be one- 
half the estimated life and make esti¬ 
mates for this pciiml. Require that 
three-fourths of the fiist cost (plus, of 
cour.se, the minimum attractive rate of 
annual return) be recovered during this 
period, 

2. Where estimates for as long as one- 
half the life do not seem to be justified, 
assume the study period to be one-fourth 
the estimated life and make estimates 
for thi.s period. Requiie that one-half the 
first cost (plus minimum attractive re¬ 
turn) be recovered during this period. 

17.6 THE MAPI FORMEi.A 

Two volumes prepared under the 
auspices of the Machinery and Al¬ 
lied Products Institute (MAPI), a trade 
association, deal particularly with the 
economic analysis of the problem of 
replacing industrial assets. The first of 
these, Dynamic Equipment Policy,* by 
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George Terborgh, its Research Director, 
presents the Institute’s theoretical anal¬ 
ysis of the problem. The second, MAPI 
Replacement ManualA gives brief direc¬ 
tions for making replacement economy 
studies using a formula referred to as the 
MAPI formula. In these two volumes, 
the asset considered for replacement is 
called the defender; the proposed re¬ 
placement asset is called the challenger. 

The ba.sic MAPI formula is given at 
the top of page 1(17. 

To judge whether a proposed replace¬ 
ment will pay, the MAPI method com¬ 
pares the “adverse minimum” figures for 
challenger and defender. The challenger’s 
advpr.'^e minimum is obtained from a 
diagram that gives an approximate solu¬ 
tion of the MAPI formula. The de¬ 
fender’s adverse minimum is the sum of 
(1) the next-year defender inferiority to 
the challenger, (2) the prospective loss 
m defender salvage value during the next 
year, and (3) one year’s interest on 
the defender’s present salvage value. The 
next-year defender inferiority is the sum 
of the challenger’s next-year income 
advantage and operating cost advantage. 

The following is believed to be a rea¬ 
sonably accurate brief statement of cer¬ 
tain assumptions underlying the MAPI 
formula: 

1. The need for the present product 
or service will continue forever. 

2. The present challenger is the first 
of an endless succession of challengers, a 
new one being available each year. 

3. Each new challenger will have the 
same initial cost as the pre.sent chal¬ 
lenger, the same economic service life, 
and the same salvage value at the end 
of that life. 

4. The operating inferiority of each 
year’s challenger to the next year’s chal¬ 
lenger will be a constant figure. 

5. The salvage value,of the pre.sent 
challenger and all future challengers will 

♦New York; McGraw-Hill Book Com¬ 
pany, Inr., 1949. 

t Machinery & Allied Products Institute, 
MAPI Replacement Manual (Chicago; 
Machinery & Allied Products Institute, 
1950). 
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decrease at a constant rate throughout 
life. 

The foregoing reference to the MAPI 
method is included here to suggest this 
method as a topic for study by persons 
dealing with economic analyses of re¬ 
placements. A detailed explanation of 
the theoretical and practical aspects of 
this method of analysis would require 
extensive space. It is recommended here 
that analysts should not use the MAPI 
formula uncritically without an attempt 
to understand its theoretical basis as de- 
velop)ed in Dynamic Equipment Policy. 
Unless an analyst understands the 
underlying assumptions of the MAPI 
method, he is not in a position to judge 
whether expected departures from these 
assumptions are of importance in each 
particular case.* 

18 . INCOME TAXES IN ENGI¬ 
NEERING ECONOMY 

Income tax rates on both corpo¬ 
rate and personal income are cer¬ 
tain to be high in this country for many 
years to come. This fact makes it neces¬ 
sary to give consideration to prospective 
income taxes when making most types 
of engineering economy studies. There 
are so many peculiarities in the applica¬ 
tion of the inconie tax laws and regula¬ 
tions that it is not possible in this discus¬ 
sion to do more than call attention to 

* For a brief critique of certain aspects 
of the MAPI method, see Grant, Principles 
of Engineering Economy, 3rd ed.. Chapter 
20 . 


some of the more important points that 
should be considered when engineering 
economy studies are being made. Fur¬ 
ther information may be obtained from 
publications specializing in the various 
aspects of this important problem.* 

It will be remembered that engineer¬ 
ing economy studies are based on a con¬ 
sideration of anticipated future receipts 
and disbursements. As prospective in¬ 
come taxes are merely one more dis¬ 
bursement, all that is really needed is to 
add them to the other prospective dis¬ 
bursements. However, as is true for a 
number of other kinds of disbursements, 
there is often considerable difficulty in 
determining just how to include them 
in the study. 

18.1 GRADUATED INCOME TAXES RE¬ 
QUIRE INCREMENT COST VIEW¬ 
POINT 

In this country, most individual 
income taxes, both federal and 
state, are graduated. The higher the 
taxpayer’s taxable income, the higher 
his tax rate on the highest increment. 
Because of this, when an individual 
makes an economy study, he should use 
the increment cost viewpoint when esti¬ 
mating the effect on prospective income 
taxes of the proposal being studied. 

As certain types of income, such as 
the interest on state and municipal 

♦See Grant, Principles of Engineering 
Economy, 3rd ed., Chapter 17, for a more 
extended diacuaaion of this problem. 
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bonds, are exempt from federal income 
taxes, a wealthy individual often finds it 
desirable to choose tax-exempt securities 
with low interest rates instead of invest¬ 
ments that show promise of quite high 
returns before income taxes. This tax 
exemption enables states and municipali¬ 
ties to borrow at low interest rates, but 
is socially undesirable otherwise because 
the return from the safer investments 
has been forced down to the point where 
the lower-income groups no longer can 
afford to invest in them, while the 
wealthier jwrsons, who should undertake 
the riskier ventures, find it undesirable 
to do so because of the income tax 
situation. 


18.2 EFFECTIVE TAX RATES FOR USB 
BY CORPORATIONS 

In this country, corporate net in¬ 
come is first taxed to the corpora¬ 
tion and then any distributions to the 
shareholders are again taxed to the indi¬ 
viduals receiving such dividends. Wealthy 
shareholders often find it desirable to 
leave in the corporation most of the 
earnings after corporate income taxes, 
so as to avoid high individual income 
taxes that would otherwise result from 
a distribution iii the form of dividends. 
This practice is discouraged by Section 
102 of the Internal Revenue Code, 
which imposes a “surtax on corporations 
improperly accumulating surplus.” 

It is evident from what has just been 
said that what might be called the 
“effective tax rate” on the earnings of 
a corporation depends upon the propor¬ 
tion of the earnings that is distributed as 
dividends and also upon the incremental 
individual tax rates of the various own¬ 
ers. This poses a difficult problem, 
which is discussed by Grant as follows;* 

As a practical matter, prosptiCtive in¬ 
come taxes paid by the stockholders are 
likely to be disregarded in some corpora¬ 
tions and considered in others, somewhat 
as follows: 

* Grant, Principles of Engineering Econ^ 
omy, 3rd ed., p. 403. 
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1. In corporations with many stock¬ 
holders, in which most policy decisions 
are made by executives whose personal 
stock ownership is relatively small, the 
tendency is to consider only the corpo¬ 
rate income tax. Most large corporations 
fall into this class. Where there are many 
stockholders whose personal incomes are 
unknown to the management, it is hardly 
practicable to consider stockholders’ in¬ 
come taxes. Moreover, the performance 
of hired managers is judged by the profit 
showing on the corporate books. 

2. In corporations with few stockhold¬ 
ers, with those stockholders taking an 
active part in policy decisions, individ¬ 
ual income taxes are much more apt 
to be considered. In such corporations. 
Section 102 often forces distribution of 
most of current earnings as dividends. 
Stockholders taking an active part in 
management are likely to be very con¬ 
scious of the income taxes they pay on 
these dividends. Although corporations 
in this class are generally smaller, they 
are more numerous. 


18.3 SPECIAL SITUATIONS 

Because taxable income is often 
quite different from economic in¬ 
come, there are many special situations 
that require special treatment in engi¬ 
neering economy studies. For example, 
certain income may be exempt from 
income taxes; this has already been 
illustrated in the case of the exemption 
from federal income taxes of the interest 
. on state and municipal bonds. 

Some types of income may be taxed 
at lower rates; an illustration is the 
treatment of certain gains from the 
disposal of capital assets and of depreci¬ 
able assets used in business. 

Certain deductions from taxable in¬ 
come may be quite different from eco¬ 
nomic and accounting deductions. For 
example, certain losses from the disposal 
of capital assets are not deductible tax- 
wise, while there are special tax deduc¬ 
tions for such things as depletion. 

Certain deductions from taxable in¬ 
come may be spread out over a much 
longer future period than a businessman 
may consider to be proper or even safe. 
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The tax treatment of depreciation is a 
good example. 

Sometimes tax practice requires the 
capitalization of an expenditure that the 
businessman considers to be a current 
expense. This has been illustrated in 
Article 1G.8, as part of the discussion 
of the severity of Treasury tax practice. 


18.4 INCOME TAXES MAY LIMIT LOSSES 

Sometimes a taxpiyer may be able 

to force the government to share 
with him any loss that may develop 
from a risky undertaking. For example, 
coasider a projiDsal to make a certain 
expenditure in a year in which there is 
a rea.sonable certainty that there will be 
taxable income from other sources at 
least as great as this expenditure. Pro¬ 
vided this risky expenditure is fully 
deductible for tax purposes in the year 
in which the expenditure is made, it is 
clear that even if the venture in ques¬ 
tion is a total loss, the taxpayer will lose 
only that part of the expenditure which 
exceeds the amount that would be paid 
out in taxes if the expenditure were not 
made. 

As an illustration, if the effective tax 
rate is 70 per cent, the complete loss 
of an expenditure of $10,000, which is 
fully deductible from taxable income 
from other sources, would result in a 
net loss of only $3,000 to the taxpayer, 
the other $7,000 being a loss to the gov¬ 
ernment, because of the resulting re¬ 
duction in income taxes. It is because of 
this that businessmen are likely not to 
be so careful to keep deductible ex¬ 
penditures to a minimum when tax rates 
are high and when there is reasonable 
assurance of some taxable profits after 
all such expenditures. Thus high tax 
rates sometimes result in economic waste. 

This opportunity for the limitation of 
a loss from a risky venture is, of course, 
much more valuable to large, well- 
established concerns with many other 
profitable ventures than to small, newly 
organized concerns, most of whose eggs 
may be in this one risky basket. How¬ 


ever, this is only one of the many in¬ 
stances of the ways in which high income 
tax rates are relatively more burdensome 
and more dangerous for small and grow¬ 
ing businesses tnan for large and well- 
established businesses. 


18.5 INTEREST ON BORROWED CAPITAL 
IS A DEDUCTION FOR TAX PUR¬ 
POSES 

Under high income tax rates on 
business profits, borrowed capital 
has a great advantage tax-wise over 
equity capital bccaii.^e the interest paid 
out on borrowed capital is a deduction 
that reduces income taxes, whereas there 
is no such deduction for any part of the 
return on equity capital. There is an old 
saying that doing business on borrowed 
money makes good business better and 
bad business worse. The fact that inter¬ 
est payments may be deducted when 
calculating taxable income certainly ac¬ 
centuates this condition. 

Individual businessmen must, of 
course, consider this feature of the tax 
laws when making decisions, but from 
the viewpoint of the public a large 
industrial debt structure is very danger¬ 
ous. 


18.6 INCOME TAXATION AND TECHNO¬ 
LOGICAL PROGRESS 

It was stated at the very beginning 

of this section that a high standard 
of living depends upon a high degree of 
haechanization. JMechanization requires 
capital. Income taxes remove capital 
that could otherwise be used for invest¬ 
ments in capital goods. Thus income 
taxes may retard technological progress. 
The higher the effective income tax rate, 
the less attractive it is to make invest¬ 
ments in plant and equipment. Anything 
that interferes with technological prog¬ 
ress is an obstacle to improvements in 
the standard of living and may also be 
an obstacle to real national defense. 
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1 . MANPOWER MANAGEMENT 
AND EMPLOYMENT RELATIONS 

( In a very real and practical sense, 
all management is manpower man¬ 
agement. True, other resources—pow'er, 
physical materials and facilities, and fi¬ 
nancial provisions and arrangements— 
must certainly be managed, but they are 
all managed and manipulated by people. 
The production manager actually man¬ 
ages the men who carry on production 
processes. The sales manager may never 
“manage” a single sale; he directs men 
who plan and effect sales. Every fore¬ 
man, supervisor, and executive manages 


men and thus practices manpower man¬ 
agement.*^ 

Recognition of the importance of man¬ 
power management has resulted in two 
significant developments in recent years. 
It has encouraged alert employers to 
become interested in programs designed 
to make all managers better manpower 
managers. And it has stimulated spe¬ 
cialists in manpower management and 
employment relations to strive for pro¬ 
fessional status. As a result, personnel 
managers and industrial relations direc^ 
tors (and their assistants) are now ac¬ 
corded staff status in many business and 
public institutions. Evidence of the grow- 
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ing recognition of manpower manage¬ 
ment is provided by the increasing vol¬ 
ume of research and by the special 
graduate, technical and professional 
training available in many universities. 


1.1 NATUED OP MANPOWER MANAGE¬ 
MENT 

Societies live and advance through 

the development, application, and 
conservation of their resources, including 
manpower resources. By continued trial 
and error—and more recently by study, 
experimentation, and research—they 
learn how to make the most of these 
resources, how to develop them more 
fully, how to apply them more effec¬ 
tively, and how to conserve them and 
avoid waste. These general procedures 
are readily evident in the development 
of steam, water, and atomic power and 
in the use of the basic mineral and land 
resources from which such power is de¬ 
rived. Water power has been harnessed 
—and in the process water wheels and 
turbines have been developed, dams and 
reservoirs have been built, and water 
power has been transformed into electric 
power. Continued development of physi¬ 
cal resources has led to steam-turbine 
and diesel-electric locomotives, jet and 
turbojet aircraft engines, and experimen¬ 
tal atomic motors. 

1.1.1 Human resources. Similar im¬ 
provement in the development and 
application of human resources is some¬ 
what less obvious, perhaps because 
human resources are the most complex 
as well as the primary resources of 
society. Laws ahd principles that de¬ 
scribe the properties of coal, timber, and 
petroleum seem relatively uncomplicated 
when compared with the principles that 
govern human behavior. 

1.1.2 Self-imposed monapement. 
Moreover, human resources are—at 
least in modem societies—the final de¬ 
terminers of the social objectives for 
which they are employed. Societies exist 
for these human resources. Their ideas, 
desires, needs, whims, prejudices, and 
ideals dictate the goals of their societies. 


Yet they are its most elementary re¬ 
source. 

Thus in modem societies, human re¬ 
sources must, in order to survive, pre¬ 
scribe and enforce their own efficient 
utilization. They must design and main¬ 
tain procedures for the most effective 
development and application of human 
personalities in combination with other 
resources. This efficient utilization of 
human resources and their conservation, 
the prevention of waste, is the major 
responsibility of modem manpower man¬ 
agement. 

1.1.3 Voluntary employment. The 

process of developing, allocating, and 
applying human resoutces takes place 
through voluntary employment, in which 
human beings on their own initiative join 
with other resources in producing goods 
and services. Allocation of manpower to 
various industries and occupations is 
largely accomplished through a “labor¬ 
marketing” function that results in 
employment. Similarly, much of the 
training and shaping of personalities, 
their application to productive processes, 
efficient utilization of their potentialities, 
and their careful conservation is accom¬ 
plished through employment. 

1.1.4 Necessity for manpower man¬ 
agement. Manpower must be managed 
in employment if efficient use is to be 
made of other resources. Hence the man¬ 
power-management function—the plan¬ 
ning, direction, and control of human 
resources in employment—must be per¬ 
formed in all societies. It is essential in 
every type of employment—for every 
occupation and industry, for every type 
of employed manpower. Manpower man¬ 
agement takes place in government as 
well as in private employment, under 
socialism and communism, in small busi¬ 
ness and in large. The development, 
allocation, utilization, and conservation 
of human resources through thdr em¬ 
ployment is a continuing, inevitable 
process in modem societies. Manpower 
management plans and directs this proc¬ 
ess. 

1.1.5 Responsibility for manpower 
management. Manpower management 
represents such a wide range of activities 
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autd is of such importance that respon¬ 
sibility for it is shared by many agencies. 
Individual managements (note the plural, 
to distinguish those in charge of single 
firms from the inclusive function of 
management) are probably the most 
easily recognized. They hire manpower, 
give employees various types of training 
(thus influencing the process of person¬ 
ality development), compensate employ¬ 
ees, assign jobs, arrange shifts, transfers, 
and promotions, provide various serv¬ 
ices, and perform many related tasks. 
In a sense, the entire nianagement of an 
individual firm is engaged in manpower 
management, since ail department heads, 
supervisors, and foremen manage men. 

1.1.5.1 Union responsibilities. Cur¬ 
rently in our society, officers of labor 
organizations are also given important 
responsibilities in manpower manage¬ 
ment. They may, under so-called “closed- 
shop" arrangements select the employees 
who are to be assigned to various em¬ 
ployers. They perform a similar function 
through their control of hiring halls for 
longshoremen. Through their direction of 
apprenticeship programs, they exert a 
powerful influence in training employees. 
They represent employees in collective 
bargaining, thus affecting the determina¬ 
tion of rates of wages, hours of work, and 
other employment conditions. They may 
also provide various services to em¬ 
ployees, such as counseling, financial 
benefits, and insurance. 

1.1.5.2 Government in manpower 
management. Government agencies— 
federal state, and local—also hav/e an 
important role in manpower manage¬ 
ment. Public employment offices aid in 
allocating manpower to various indus¬ 
tries, areas, and occupations. Other gov¬ 
ernment agencies exert a significant 
control over conditions of work: specify¬ 
ing minimum wages and maximum hours, 
enforcing safety regulations, limiting em¬ 
ployment of women and children, pre¬ 
venting discriminatory hiring practices, 
and requiring observance of specified 
“rules of the game” in collective bar¬ 
gaining. They seek to settle disputes, to 
mediate differences and conflicts, and to 
maintain industrial peace. 


1.1.5.3 Individual employM respon¬ 
sibilities. In a democratic society, 
individual employees also have a respon¬ 
sibility in manpower management. They 
decide for themselves where—in what 
localities and in what industries—they 
will seek employment. They control their 
personal development—decide whether to 
continue their formal education, to enter 
an apprenticeship program, to seek a 
transfer from one job or department to 
another, to join a union, or to start a 
business and thus become self-employed. 
Their decisions directly affect their own 
allocation, utilization, and contribution. 

1.1.5.4 Specialized employment rela¬ 
tions staff. Within individual firms and 
government agencies, specialized staffs 
provide professional and technical ad¬ 
vice on relationships among the principal 
participants in employment. The staff 
is headed by an industrial relations di¬ 
rector, or a personnel manager, or some 
similarly titled person. He—and the 
specialized assistants who may be in¬ 
cluded on his staff—are set apart from 
the operating line. This arrangement is 
by no means novel in modern industry 
and government. The specialists are pro¬ 
tected from the pressure of day-to-day 
operation so that they can keep abreast 
of developments in their professional and 
technical fields. Their value depends in 
large measure on their awareness of 
changes, innovations, experiment, and 
research. It is their responsibility to 
maintain their specialized competence 
and to make their services and counsel 
available to line operators at all levels.* 

Staff status makes them available to 
aid all who practice day-to-day man¬ 
power management. Their position is 
similar to that of other staff divisions, 
such as the legal or medical. 

1.1.6 Specicriized terminology. Many 
of the terms with which manpower man¬ 
agement is described have been care¬ 
lessly used. Consequently, its function 
is often misunderstood. In popular usage, 
for example, the terms “personnel man- 

* This point of view has been clearly ex¬ 
plained by Lawrence A. Appley in “Man¬ 
agement The Simple Way,” Personnel, Vol. 
19, No. 4, January 1943, 4-6. 
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agement,” “industrial relations,”^ “labor 
relations,” and many others are used 
interchangeably, as though they had the 
same meaning. In one study, it was 
found that some 72 titles were held by 
the more than 700 “manpower mana¬ 
gers” who reported.* Even the other 
members of the management team fre¬ 
quently make little distinction between 
the personnel manager and the labor 
relations director or the industrial re¬ 
lations director. 

A distinction should be made, however, 
since several jobs—rather than a single 
job—exist in this area. The “Industrial 
Relations Glossary” t defines two of 
these terms as follows: 

Personnel management: The selection, 
allocation, utilization, development, and 
control of employees and the improve¬ 
ment of working conditions in order to 
secure maximum productive efficiency; 
primary emphasis on individuals rather 
than on groups. 

Industrial relations: The relations of 
persons and groups growing out of em¬ 
ployment in the production and distribu¬ 
tion of goods and the provision of serv¬ 
ices. 

The term “labor relations” is properly 
applied to the negotiation and adminis¬ 
tration of anion agreements—that is, 
to group relationships. The terms 
“industrial relations” and “employment 
relations” cncompaiss both individual 
employer-employee relationships and 
employer-union, collective-bargaming re¬ 
lationships. As Heneman and Turnbull 
have said:t 

Differences in definition represent a 
serious handicap m achieving one of the 
requirements of a profession, a common 
terminology. There are, however, several 
reasons for believing that the trend is 
toward using “industrial relations” as the 

* Dale Yoder and P. N. Wilson “Trends 
in Personnel Ratios and Salari''8,” Person¬ 
nel, Vol. 29, No. 1, July 1952, 1-7. 

t University of Minnesota Industrial 
Relations Center, Bulletin 6, 1948. 

i Herbert G. Heneman, Jr. and John G. 
Turnbull, Personnel Administration and 
Labor Relations (New York: Prentice- 
Hall, Inc. 1952), pp. 3-4. 
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basic term. First, almost all of the uni¬ 
versity training and research organiza¬ 
tions established since World War II use 
‘industrial relations’ in their titles. Sec¬ 
ond, surveys of job litles and organiza¬ 
tion structures of employment depart¬ 
ments in business show increased usage 
of “industrial relations” as the broader 
term. Third, this trend is reflected in the 
professional literature. 

For these reasons, and to insure uni¬ 
formity of presentation, the present vol¬ 
ume utilizes “industrial relations” as the 
broadest term, with “personnel admini¬ 
stration” (dealings with individual em¬ 
ployees) and labor relations (dealing 
with groups of employees) as sub-head¬ 
ings. 

1.1.7 Specialization in staff jobs. 

These distinctions are set forth in more 
detail in the three job descriptions in Figs. 
4.1, 4.2, and 4.3. In the situations in 
which all three positions are included, 
the chief of the manpower management 
staff is designated the Vice-President in 
Charge of Industrial Relations or the 
Industrial Relations Director. He has 
two coordinate assistants, one, the gen¬ 
eral personnel manager, in charge of 
“individual” employee relationships, and 
the other, the labor relations director, in 
charge of group relationships, especially 
collective bargaining. 

In larger organizations, the personnel 
or manpower management staff may 
have several specialized functions. Fig¬ 
ure 4.4 identifies and briefly describes 
some 16 specialties, professional and 
technical, in the employment relations 
division. 

1.1.8 Staff and line in manpower 
management. In actual practice, line 
operators play a major role in manpower 
management. They manage men—all the 
time and in every aspect of their em¬ 
ployment relationships. Specialists in 
employment relations—including indus¬ 
trial relations directors, personnel man¬ 
agers, and their assistants—serve as staff 
to the operating managers. The staff 
service thus provided may be either 
minimal or extensive. The manpower 
staff may con.sist of a single personnel 
manager or industrial relations director; 
this is the usual situation in smaller 
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FIG. 4.1 JOB DBSCBIPTION, INDUSTRIAL RELATIONS DIRECTOR* 

TIri*— Industrial Relations Director 

Altarnata Title*— Director of Labor-Management Relations, Vice-President in charge of 
Industrial Relations, Personnel Administrator, Personnel Manager 

Promotion to— Chief Executive of Firm, General Manager 

Promotion from— Personnel Director, occasionally Director of Personnel Research, Wage 
and Salary Administrator, Labor Relations Director, Line Department Heads ' 

Dotiei— This is the top position in the field of industrial and labor relations or personnel 
work. In industiy the individual holding this position works under the general 
administrative direction of the chief executive of the organization. Through continuous 
consultation with line officers and other stuff offi<'er.s he appraises, formulates, recom¬ 
mends, and interprets all manpower management policies; reviews and appraises the 
application of these policies; is re.sponaible for continued evaluation of all personnel 
policies; organizes, staffs, trains and supervises all divisions of the Industrial Relations 
Department. 

He recommends policy for the planning, coordination, and control of: recruitment, 
selection and placement proce.sses, educational and training programs, wage and salary 
administration, incentive and bonus plans, economic security programs, personnel 
research projects, communication between management and personnel, maintenance 
of appropriate personnel records, safety and health programs, collective bargaining, 
labor relations, and grievance jirocedure. He cooperates with the legal counsel in 
maintaining compliance with federal and state laws and regulations; maintains contacts 
with other industrial relations executives, in order to evaluate their experience. He 
formulates personnel policy interpretations for public release, assumes responsibility for 
the general direction and coordination of employment activities, and cooperates with 
schools and colleges as a part of recruitment and research programs. 

ftetponsibility for Policy—All personnel policy recommendations by members of the staff 
are sent to the Industrial Relations Director who in turn makes recommendations to 
top management. 

Initiativo Required— A high degree of initiative is necessary in regard to organizational 
work and policy making for the entire field of industrial relations. 

Reiponiibility for Work of Others— Supervises the work of the Personnel Director, Director 
of Personnel Research, Medical Director, Wage and Salary Administrator, and Labor 
Relations Director. 

Training— Much of the training for this position must generally be obtained on the job. 
Working Hours— Hours are frequently long and irregular. 

Qualifications for Employment— 

Sex: A man is required in practically all instances. 

Education: Educational qualifications for this position generally include a college 
degree plus specialized education at the graduate level with empha.sis on industrial 
relations, public administration, labor legislation, peisonnel research, office manage¬ 
ment, production management, collective bargaining, economics, psychology, statistical 
methods, engineering, time and motion study, and adult vocational education. 

Experience: Several years of experience in public contacts and general personnel 
administration are necessary 

Personnel Qualities: Superior ability to organize and to administer, ability to secure 
acceptance of the program by members of his department as well as by other 
executives and employees, good ludgnient, resoutcefulness, and tact; interest in help¬ 
ing others to be satisfied and successful in their work. 

Menial Ability: Equivalent to a superior college graduate. 

Special Knowledge: Familiarity with current industrial relations problems and 
policies, labor markets, governmental regulations, and organizational aspects of 
the business. 

•From Philip H. Kriedt and Margaret Bentaon. "Job* io Induatrial RaUtiona," Univeraity of 
MianMota Induatrial Ralationa Center, BulUtin J, IIM7, 25. 
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FIQ. 4.2 JOB DESCRIPTION, PERSONNEL DIRECTOR* 

Titl*—Personnel Director 

Alternate Title— Personnel ■ Manager 

Promotion to— Director of Industrial Relations 

Promotion from— Employment Manager, Training Director, Safety Director, Recreational 
Director, Employee Services Director, Employee Counseling Director 
Duties— The holder of this position is responsible for direct relations with individual 
employees and for the establishment of proper working relationships within the 
personnel department and with other departments. He directs and supervises activities 
that involve workers as individuals such as welfare, recreation, safety, and counseling. 

He supervises employee counseling, reporting to top management on trends ob¬ 
served and correctable grievances discovered; conducts interviews and conferences 
relative to work, employee morale, and employee welfare; assigns, trains, supervises, 
and reviews the work of staff members responsible to him; and may lay out and 
direct general plans for administrative processes involved in executing a system of 
promotion and transfer and other similar rules and regulations. He advises and 
counsels in connection with health, child labor, social security, workmen’s compensation, 
and veterans’ rehabilitation. Maintains contacts with personnel officers in other com¬ 
panies and with governmental, management, and professional organizations concerned 
with personnel activities; cooperates with the Public Relations Director in the re¬ 
lease of data to employees or to the public. 

Rotpontibility for Policy— General personnel policy recommendations concerning relations 
between management and individual workers are an important responsibility of this 
position. 

Initiative Required— A high degree of initiative is necessary in planning and directing the 
work of a large number of assistants. 

Retpen$ibility for Work of Others- Supervises the Employment Manager, Training Director, 
Safety Director, Recreation Director, Employee Services Director, and Employee 
Counseling Director. 

Training— Much of the training for this position must be obtained on the job. 

Working Hours- Hours are frequently long and irregular. 

Qualifications for Employment- 
Sea;; Either. 

Education: A minimum of four years of college including courses in; industrial and 
personnel psychology, industrial relations, vocational and occupational psychology, 
social psychology, labor problems and labor economics, occupational studies and 
job analysis, statistical methods, labor and social legislation, production manage¬ 
ment, and industrial engineering. 

Experience: Several years of paid, full-time, recent employment in personnel work 
and related types of service, including individual diagnosis, vocational and educa¬ 
tional guidance, emplo'^'ment management, and labor relations are desirable. 

Peraonal Qualities: Ability to maintain industrial harmony, interest in employees 
as individuals, observant and sincere; ability to organize and administer. 

Menial Ability: Equivalent to a college graduate. 

Special Knowledge: Understanding of the principles of industrial relations; knowl¬ 
edge of individual differences in abilities, aptitudes, interests, and personality traits; 
familiarity with local labor markets and wage rates. 


'From Kricdt and Bmtaon, "Jobs in Indiutrinl Ralntiona," ST. 
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FIG. 4.3 JOB DEBCBIPTION, LABOR RELATIONS DIRECTOR* 

TitU— Labor Relations Director 

Altarnat* Title— Labor Relations Counselor 

Promotion to— Director of Industrial Relations 

Promotion from— Assistant Labor Relations Director, Union Business Agent 

Dutioi— The Labor Relations Director advises and counsels management concerning 
relations with organizations of employees; provides counsel on legislation and regu¬ 
lations affecting labor relations; negotiates and assists in the administration of labor 
agreements; assists in handling grievances, in appraising employee morale, in advising 
all departments of the meaning and interpretation .of collective bargaining agreements 
and of current developments in negotiation and bargaining; informs management of 
current and prospective labor market conditions; represents management in con¬ 
ciliation and arbitration procedures; assists in preparation of employee handbooks 
and manuals; assists in handling disciplinary cases; may maintain records and 
statistics on employee grievances and their settlement; may work in conjunction with 
similar representatives of other firms on a bargaining committee for the industry or 
locality. 

Retponsibility for Policy— Responsible directly to the Director of Industrial Relations for 
formulation of policy recommendations regarding labor relations. 

Initiative Required- A high degree of initiative is needed in negotiation, conciliation, 
arbitration procedures, and in advising departments of labor agreements and negoti¬ 
ations. 

Retponiibiiity for Work of Otheri— Supervises assistants and secretaries. 

Training— Sufficient on-job training to gain familiarity with the unions having agree¬ 
ments with the firm, with union contracts, and company policies and practices. 

Working Hours— Work outside regular hours is frequently required while union contracts 
are being negotiated. 

Qualifications for EmploymonI— 

Sex: A man is usually required. 

Education: A legal degree with supplementary courses in industrial relations is 
desirable. Important courses are: labor and industrial legislation, office management, 
principles of economics, industrial engineering, labor management, public administra¬ 
tion, personnel psychology, and statistics. 

Experience: Several years of experience in working with organized labor are necessary 

Personal Qualities: Ability to make investigations and studies, to analyze trends and 
forecast developments in collective bargaining, to act as liaison between manage¬ 
ment and organized labor, and to be tactful, resourceful, and firm. 

Mental Ability: Equivalent to a college graduate. 

Special Knowledge: A thorough knowledge and understanding of federal, state, 
and local legislation on collective bargaining, hours of work, minimum wages, child 
labor, picketing, and boycotts; similar knowledge of the regulations and procedures 
established by the principal federal and state agencies which deal with labor standards, 
employment, public contracts, and collective bargaining; knowledge of common 
contract clauses and of negotiating techniques. 

* From Kiiedt and Bentaon, “Jobs in Induatrial Rolationa,” U. 

















UIWLOYMeNT RiUTIONS 


111 


TABLE 4.1 PEBSONNEL RATIOS, 1948-1962, BY NUMBER OP EMPLOYEES * 


Personnel ratios 


Number of 
employees 

1948 

1949 

1950 

1951 

1952 

1-499. 


1.06 


1.07 

1.29 

■SB 

1.13 

500-999. 


0.91 


0.75 

O.SS 


0.78 

1,000-1,499. 





0.67 


0.94 

1,500-1,999. 





0.52 

0.68 

0.73 

2,000-2,499. 


^ 0.59 


[ 0.62 

0.75 

0.63 

0.74 

2,500-2,999. 





0.76 

0.70 

0.63 

3,000 & over.’.•. 





0.70 

0.74 

0.57 

All. 

0.81 

0.78 

0.87 

0.75 

0.61 


* Reproduced by permission from Voder and Wilson, "Trends in Personnel Ratios and Salaries," 8. 


firms. In larger businccs or governmental 
organizations, however, the staff may 
include a wide range of specialists. 

1.1.8.1 Use of Consultants. Small firms 
usually secure expert assistance on spe¬ 
cialized problems by employing consult¬ 
ants on a time-to-time basis. For 
example, the personnel manager may 
bring in outside assistance in designing 
a new test battery for selection, or in 
installing or revising the job-evaluation 
program, or in establishing a new per¬ 
sonnel-rating procedure. The local per¬ 
sonnel manager, in such cases, is a 
practitioner somewhat like the family 
doctor. He does not claim special com¬ 
petence in unusual conditions, but he is 
able to recognize them and knows when 
to call on experts who are especially 
prepared to deal with them. 

1.1.9 Personnel ratios. What is the 
optimum size of the personnel staff? 
How many persons should be employed 
to provide specialized personnel serv¬ 
ices? The answers to these questions 
depend, of course, on the range of 
personnel activities and services to be 
carried on. Certain bench marks are 
available, however. For a large number 
of firms and government agencies, the 
over-all personnel ratio averages about 
0.80. This means that the total number 
of specialized staff personnel in man¬ 
power management averages 0.80 per 
hundred employees served. 

In general, the personnel ratio is 
higher in smaller firms. Apparently a 


minimum staff forces this ratio upward, 
and the staff does not expand at the 
same rate as employment. This relation¬ 
ship is made clear by Table 4.1, which 
reports the findings in an analysis of 
returns in a series of annual surveys. 

1.1.9.1 Industry differences. Personnel 
ratios vary widely from one industry to 
another. The 1952 survey (see Tables 

4.1 and 4.2) indicates a range from 0.28 
(in transporation) to 1.11 (in banking 
and finance.) Differences in these ratios 
over a four-year period are shown in 
Table 4.2. 

1.1.9.2 Titles and size of firm. Some 
relationship is apparent between the size 
of firms (in terms of numbers of em¬ 
ployees) and the titles given to those in 
charge of the manpower maangement 
staff. The “Industrial Relations Direc¬ 
tor” appears more frequently in large 
firms than in small. The smaller organi¬ 
zations are more likely to have a "Per¬ 
sonnel Director” or a “Personnel Man¬ 
ager.” In both large and small firms, an 
increasing tendency to make the top 
manpower manager a vice-president is 
clearly evident. 

1.1.9.3 Salaries and size of firm. 

Salaries al.so reflect the size of firm. 
In 1952, the chief of the personnel staff 
in firms having fewer than 500 employees 
received an average salary of $6,410. For 
firms of 500 to 1,000 employees, the 
average was $7,533; for 1,000 to 1,5(X), 
$8,255; for 1,500 to 2,000, $9,466; for 
those o^er 3,000, $13,844. 
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TABLE 4.2 PERSONNEL RATIOS, 1949-1952, BY INDUSTRY CLASSIPICATION * 


Industry classification 

Personnel ratios 

1949 

1950 

1951 

1962 

Manufacturing. 

0.74 

0.83 

0.85 


Trade. 

1.03 

0.88 

0.39 


Construction. 

— 

0.69 

— 


Banking and ‘Finance. 

1.36 

1.47 

1.34 

1.11 

Transportation. 

1.28 

0.80 

0.40 


Other Public Utilities. 

0.66 

0.75 

0.48 


Government. 

1.02 

0.33 

0.49 

— 

Miscellaneous. 

0.82 

1.00 

0.72 

0.72 

All. 

0.78 

0.87 

0.75 

0.61 


* Reproduced by permisaion from Yoder and Wilson, “Trends in Personnel Ratios and Salaries,” S. 


1.1.9.4 Salaries and titles. Salaries 
also reflected distinctions in title. Those 
reporting the title of personnel manager 
or director averaged $7,993, while those 
who held the title of industrial relations 
director averaged $12,238. Vice-presi¬ 
dents averaged $22,467. The remainder, 
a composite group having approximately 
30 different titles, averaged ^,814.* 


1.2 MAJOR ACTIVITIES IN MANPOWER 

MANAGEMENT 

The general function of manpower 

management is to insure the 
efficient provision, development, and 
utilization of manpower resources in em¬ 
ployment. Looked at from the negative 
point of view, it is to prevent long-term 
waste of manpower resources in employ¬ 
ment relationships. To this end, the 
day-to-day practices of manpower man¬ 
agement must first of all provide man¬ 
power of the desired quality in whatever 
quantities are required. It must recruit, 
select, and place manpower. As a basis 
for recruitment and selection, manage¬ 
ment must provide a schedule of man¬ 
power requirements. Such a schedule, 
often dewribed as a staffing schedide or 


♦These data are more fully detailed in 
Yoder and Wilson, “Trends in Personnel 
Ratios and Salaries.” 


manning table, is based on detailed job 
analyses and a study of the interrelation¬ 
ship of jobs. 

Since much of the manpower thus 
provided must be given special training 
to fit it to the jobs to be performed, 
training is also an important function. 
After training has been completed, man¬ 
power must be transferred, promoted, 
compensated, and otherwise guided and 
directed to insure its efficient and en¬ 
thusiastic participation in the ongoing 
activities of the business or agency. 
Continued attention must be given to 
communication and motivation. Fre¬ 
quent checks on morale and a continuing 
program of personnel rating are other 
responsibilities. 

Employees sometimes prefer to deal 
with employers through their own or¬ 
ganizations. Then collective bargaining 
—the negotiation and administration of 
collective agreements—becomes a major 
function of manpower management. 
Various benefits and services may be 
provided for employees—health, insur¬ 
ance, hospitalization, investment advice, 
recreational guidance, and many others. 
In some cases these services are estab¬ 
lished on a unilateral basis by action of 
the employer. In others, they are agreed 
upon in contracts with unions. 

In all these relationships, appropriate 
records must be maintained. Also, a con¬ 
tinuing program of research helps to 
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provide acceptable answers to significant 
questions arising in the day-to-day or 
longer-term practice of manpower man¬ 
agement. 

1.2.1 Specialized functions. Among 
the major functions that stand out from 
even such a panoramic survey of the 
field, the following may be readily noted: 

1. Formulation of manpower policy. 

2. Planning of manpower programs. 

3. Continuous review and appraisal of 
manpower policy and programs. 

4. Job analysis. 

5. Organizational planning. 

6. Recruitment. 

7. Selection. 

8. Placement and orientation. 

9. Training. 

10. Collective bargaining. 


11. Wage and salary administration. 

12. Personnel rating. 

13. Maintenance of effective in-plant 
communication. 

14. Maintenance of motivation and 
morale. 

15. Employment stabilization. 

16. Direction of employee benefits and 
services. 

17. Maintenance of records and re¬ 
ports. 

18. Industrial relations research. 

The relative significance of these func¬ 
tions varies from industry to industry 
and from plant to plant. But employ¬ 
ment relatione programs in most organi¬ 
zations include most of them. Table 4.3 
provides a more detailed outline of these 
functions and activities. 


TABLE 4.3 AN OUTLINE OF PERSONNEL ACTIVITIES * 


I. Organization for Personnel Adminis¬ 
tration 

1. Basic responsibilities of executive, 
staff, line and personnel organiza¬ 
tions with respect to employee 
relations 

2. Committee organization on policy 
matters 

3. Staff personnel assistance to line 
executives 

4. Administration by personnel or¬ 
ganization of special services to 
line organization, such as employ¬ 
ment, training, etc. 

5. Promotion and coordination of 
personnel policies, plans, and ac¬ 
tivities—headquarters staffs, com¬ 
mittees, conferences, liaison pro¬ 
cedures, and written instructions 
on personnel matters 

6. Auditing of effectiveness of per¬ 
sonnel policies and practices 

II. Administration and Supervision 

1. Duties, responsibilities, and au¬ 
thority of executive and super¬ 
visory personnel in relation to 
company operations 

2. Channels of communication up¬ 
ward and downward—both for 
supe”visors and individuals—with 
respect to job information, indi¬ 
vidual problems, and grievances 

3. Opportunities for participation in 
planning, decisions, or suggestions 


on job matters either as super¬ 
visors or individual workers 
through “multiple management” 
plans or “consultative supervi¬ 
sion” 

4. Supervisory skills, including job 
instruction, handling employee re¬ 
lations, job methods, conference 
leadership 

III. Employment 

1. Forecast of requirements for per¬ 
sonnel 

2. Hiring policies and standards 

3. Job descriptions, qualifications re¬ 
quired, and rates of pay 

4. Recruitment 

5. Interviewing and testing 

6. Pre-employment medical exam 

7. Reference investigation 

8. Induction 

9. Placement and follow-up in rela¬ 
tion to performance, ability, inter¬ 
ests, special qualifications or hand¬ 
icaps, and job opportunities 

10. Employee records and statistics 

11. Labor market studies 

12. Exit interviews 

IV. Training and Employee Development 

1. Induction and orientation pro¬ 
gram, including relationship of 
employee’s work to that of other 

{continued) 


* Reproduced by perminsion from H. H. Carey, "An Outline of Personnel Aotivitiee," Perumnd, Vol. 23, 
No. 6, May 1947. 384-387. 
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workers, departments, and 
branches 

2. Job training—siiop and office 

3. Supervisory training—presuper- 
visory, on-the-job, and conference 
groups 

4. Executive and supervisory devel¬ 
opment program 

5. Out-of-hour courses 

6. Educational and vocational guid¬ 
ance 

7. Employee evaluation 

8. Cooperation with schools and col¬ 
leges 

V. Wage and Salary Administration 

1. Job evaluation and grading 

2. Establishments of job rates and 
rate ranges 

3. Incentive plans—time studies and 
standards 

4. Rate reviews and adjustments, in¬ 
cluding employee performance and 
merit ratings 

5. Wage and salary rates and earn¬ 
ings surveys—within company 
and outside market 

6. Wage and salary controls—within 
company and outside 

7. Pay for time not worked—vaca¬ 
tions, holidays, disability or per¬ 
sonal absence, jury duty, shut¬ 
downs, etc. 

8. Special allowances or bonuses 

V'T. Force Adjustment 

1. Work load and requirements for 
personnel 

2. Promotions, demotions, and trans¬ 
fers 

3. Voluntary quits, layoffs, and dis¬ 
charges 

4. Employee inventory and rating 
plans 

5. Channels of progression 

6. Seniority and disciplinary matters 

7. Progression training and rota¬ 
tional assignments 

8. Standards and selection proce¬ 
dures for ailvancemeiit 

9. Centralized placement and con¬ 
trol 

VII. Relationships Between Employees 

and Management 

1. Scatement of employee relations 
policies 

2. Relations with employees as indi¬ 
viduals 

3. Employee organizations 

4. Collective bargaining 


5. Grievance procedure 

6. Arbitration 

7. Employee-management commit¬ 
tees 

VIII. Hours and Working Conditions 

1. Work schedules 

2. Physical working environment 
and facilities 

3. Vacations and holidays 

4. Rest periods 

5. Music at work 

6. Suggestion system 

IX. Health and Safety 

1. First-aid and hospital facilities 

2. Physical examinations—preem¬ 

ployment, occupational, and pe¬ 
riodic health 

3. Occupational placement and con¬ 
trol of assignments of vocationally 
handicapped or partially disabled 

4. Safety rules and regulations 

5. Employee consultation with com¬ 
pany doctors 

6. Emergency and first-aid organiza¬ 
tion 

7. Safety and health committees and 
training programs 

8. Visiting nurse service 

9. Accident investigations 

10. Research and control of hazards 

11. Safety and health handbooks 

12. Periodic inspection of plant and 
equipment 

13. Fire drills 

14. Publicity 

15. Safety equipment and clothing 

X. Benefits and Economic Security M.it- 

ters 

1. Accident compensation 

2. Sickness benefits 

3. Protection of service through 
leaves of absence 

4. Employment stabilization 

5. Plana for pensions, annuities, life 
insurance, savings, stock purchase, 
hospitalization, surgery, etc. 

6. Expense allowances—living, trans¬ 
fer, transportation 

7. Special assistance in emergencies 
and unusual cases of need 

8. Termination ailow'ances 

XL Services to Employees 

1. Cafeterias and restaurants 

2. Credit union facilities 

3. Sales to employees of company or 
other products 
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4. Transportation and housing 

5. Recreational and educational fa¬ 
cilities and programs 

6. Payroll deduction plans 

7. T^gal matters and notary public 

8. Employee counseling and assist¬ 
ance on personal problems 

XII. Communication with Employees 

1. Employee publications and peri¬ 
odicals 

2. Informational booklets 

3. Personnel policy statements 

4. Bulletin board notices 

5. Annual reports 

G. Special meetings 

XIII. Research and Development 

1. Studies on turnover, absenteeism, 
etc. 

2. Evaluation of company personnel 
programs and activities 

3. Supervisory and employee atti¬ 
tude and morale surveys 

1.3 MANPOWER POLICY AND PROGRAM 

Professional manpower managers 

must develop appropriate labor 
and manpower policies and must design 
and perfect programs for policy imple¬ 
mentation. Policies are a statement of 
the organization’s manpower goals. They 
describe what the employer—or the com¬ 
bination of employer, union, and indi¬ 
vidual employees—seeks to accomplish 
in the allocation, utilization, and con¬ 
servation of maniiower resources. They 
include both general objectives and the 
specific goals in each of the major func¬ 
tions outlined in the preceding section— 
selection, compensation, etc. 

Programs are courses of action to be 
taken at all levels of the organization in 
carrying out established policies. They 
include recruitment programs, for ex- ' 
ample, or programs designed to imple¬ 
ment policies in selecting, promoting, 
training, or retiring. They represent a 
considered series of actions, planned to 
accomplish precisely the objectives de¬ 
scribed ir. the established manpower 
policies. 

1.3.1 Staff responsibility for policy 
and program. Employment relations 
staff members have important responsi¬ 
bilities in connection with both policy 


4. Outside company personnel prac¬ 
tices and industry trends 

5. Labor legislation—state and fed¬ 
eral 

6. Employee census 

7. Controlled experimentation on 
working conditions, training, su¬ 
pervisory techniques, etc. 

XIV. Relations with Local Business and 

Community Organizations 

1. Community news—employment, 
financial, educational, and welfare 
organizations 

2. Plant visits and "open bouse 

3. Trade, management, and profes¬ 
sional associations in personnel 
field 

4. Outside company contacts 

5. State and federal agencies 

6. News releases and information 
about the personnel aspects of 
company operations 

and programs. Although major policies 
should be formally adopted and estab¬ 
lished by top-hne executives or by col¬ 
lective bargaining, it is the responsibility 
of staff specialists to counsel and advise 
on such policies and to provide expert 
evaluations of suggested policy. More¬ 
over, the staff has a resjionsibihty to 
see that propo.sals for change in policy 
or for new policies come to the attention 
of policy “determiners.” They have fur¬ 
ther responsibility to see that policy is 
communicated and interpreted through¬ 
out the entire organization. To that end, 
they propose means of communication 
and interpretation. They may be given 
specific responsibility for preparing and 
circulating standard policy statements 
and for the continued codification and 
integration of policy. 

1.3.2 Secret policy. What about those 
aspects of labor policy that are regarded 
as confidential or secret? What about 
policies that propose to limit employees 
to members of a single race or to avoid 
employment of older persons or members 
of certain nationalities? In general, cur¬ 
rent practice seeks to avoid policies that 
cannot be disclosed and openly sup¬ 
ported and justified. So-called "unwrit¬ 
ten policies”—regarded as traditional 
and binding although they have not 
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been put into spoken or written words— 
are generally avoided. 

1.3.3 Staff review and appraisal. A 

major responsibility of manpower staff 
members is to maintain a continuing 
review and appraisal of labor policy and 
related personnel programs. The ade¬ 
quacy and propriety of existing policy 
must be considered as well as suggestions 
for new policy and for changes in policy. 
Suggestions for change may come from 
supervisors and administrators, from 
negotiators, from individual employees, 
or from developments in the field and 
policy changes initiated in other concerns 
or localities. It is the staff’s responsibility 
to suggest changes that will keep man¬ 
power policy abreast of the time. 

Also, the manpower staff must con¬ 
stantly examine existing programs to see 
whether they are effective in accom¬ 
plishing their purposes. At regular inter¬ 
vals, staff members mu.st provide an 
over-all audit of the entire personnel or 
industrial relations program. In essence, 
such an audit—usually made each year— 
checks the entire program against estab¬ 
lished policy. The basic question is: 
Does the program effectively accom¬ 
plish what policy sets as established 
goals? 


1.4 OBQANIZATION OF THE EMPLOY¬ 
MENT RELATIONS DEPARTMENT 

As has been noted, in smaller 
organizations the entire industrial 
relations staff may consist of a single 
“personnel manager” or “industrial re¬ 
lations director.” In larger organizations, 
staff members may be numerous and 
may have highly specialized responsibili¬ 
ties. What organization is appropriate 
within the manpower management staff? 

1.4.1 Scalar status, /^.s is true of any 
staff department or division, the position 
of the staff unit in the organization as 
a whole is a primary consideration. Since 
the staff is created to counsel and serve 
the line, the chief of the staff must have 
suflBcient “scalar status” to make his 
advice effective. In other words, the staff 
must have access to the line at a high 
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level if its influence is to be effective 
throughout the entire line organization. 
That is why many staff chiefs hold the 
title of vice-president. In any case, the 
representative of the employment re¬ 
lations staff should sit in on top-manage¬ 
ment executive sessions, and he should 
participate actively in the discussions 
that precede decision-making at this 
level. 

1.4.2 Internal organization. Figure 
4.4 suggests a possible organization 
within the industrial relations depart¬ 
ment. Note, however, that it presents a 
composite outline of the specialties found 
in many firms and agencies. Aside from 
the primary distinction between the per¬ 
sonnel manager and the labor relations 
director, the specializations most com¬ 
monly found are safety (see Art. 2, 
Section 11) and health (See Art. 11, 
Section 12). (including all medical and 
nursing programs), wage and salary ad¬ 
ministration, training, employment (re¬ 
cruitment and selection), and research. 
Figure 4.5 illustrates the organization of 
one large department. 

1.4.3 Specialized assignments. R. K. 
Dailey has provided an excellent sum¬ 
mary of the organizational specialization 
of a large industrial relations depart¬ 
ment.* He describes the major divisions 
as follows: 

“The objective of the (whole) em¬ 
ployee relations department—to develop 
and maintain good relations between 
employees of all levels and thus obtain 
high productivity per individual worker 
—IS of course the objective of all de¬ 
partments m any company. . . . 

“The Medical Division’s objective is 
the continued good health and well-being 
of every employee. . . . 

“It is the Safety Division’s responsi¬ 
bility to promote safe working conditions 
and Dractices at all times and to ad¬ 
minister and handle all matters pertain¬ 
ing to safety. . . . 

* Excerpts from “The Organization and 
Administration of Industrial Relations De¬ 
partments in Large Firms,” Proceedings, 
Seventh Annual Industrial Relations Con¬ 
ference, University of Minnesota Industrial 
Relations Center, 1949, 19-28. 
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FIG. 4.5 ORGANIZATION OF THE INDUSTRIAL RE¬ 
LATIONS DEPARTMENT. 


“The Training Division has the im¬ 
portant job of helping to develop and 
train employees, supervisors and ex¬ 
ecutives—and the particularly impor¬ 
tant job of developing potential execu¬ 
tives. . . . 

“The Employee Benefits, Employee 
Services, or Welfare Division, as it may 
be called, has as its objective the adminis¬ 
tration of all matters pertaining to the 
employee benefits program and the 
maintenance of personnel records. . . . 

“The functions of a Research Division 
in the employee relations organization 
may vary considerably between com¬ 
panies; however, the research function 
IS an important one. ... In many com¬ 
panies, the re.search function is combined 
with the function of Salary and Wage 
Admmi.stration. . . . 

“The Personnel Division is principally 
concerned with employment and place¬ 
ment of qualified personnel.” 

1.4.4 Multi-plant organization. In 
many large organizations, a central em¬ 
ployment relations staff provides counsel 
for top management, and individual 
plants and divisions have their own man¬ 
power management staff' members. Lines 
of authority and responsibility in such 
arrangements are governed by the gen¬ 
eral organization of the firm or agency. 
If the local plants have complete au¬ 
tonomy, their industrial relations staff 
members are similarly autonomous. 


More commonly, matters of general 
policy are established in the central 
offices, and local adjustments and 
amendments are provided by those in 
charge of each plant. In such arrange¬ 
ments, local staff members are respon¬ 
sible to the central staff for continued 
evaluation of whatever aspects of the 
whole program the central office pre¬ 
scribes. In addition, they are responsible 
to local executives for additional pro¬ 
grams provided in the individual plant. 

1.5 COSTS OF MANPOWER MANAGE¬ 
MENT 

Evidence of the cost of providing 

professional employment relations 
services is limited and inconclusive. 
Over-all cohts—calculated per employee 
or on some other appropriate basis— 
are not readily comparable, because of 
differences in the number of functions 
performed in various organizations. 
Some programs are far more extensive 
and inclusive than others. 

As one approach to this important 
question, studies have been made of the 
costs of individual “personnel” or “labor 
relations” or “industrial relations” func¬ 
tions. But even these comparisons 
are difficult, since the degree of responsi¬ 
bility that manpower managers have for 
these specific programs varies greatly. 
For example, in some organizations the 
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♦ From Dale Yoder and Lenore N. Wilson, "Employment Relations Functions and Budgets.” PersonTiel, Vol. 29. No. 3, November 1952, 225. 
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entire administration of the pension and 
retirement program is vested in the 
industrial relations division. In others, 
however, this responsibility is shared 
with the payroll or accounting depart¬ 
ment. 

A report released through the Ameri¬ 
can Management Association* describes 
the experience of twelve large concerns 
with an average employment of 29,000 
and a total employment of 344,0CX). Total 
industrial relations staff costs amounted 
to $50.72 per employee and ranged from 
$24.24 to $63.75. Tho average monthly 
salary of industrial relations staff mem¬ 
bers was $411. 

Average payroll costa per employee for 
ten major activities of these staff divi¬ 
sions were summarized as follows: 


General administration $823 

Employment activities 5.86 

Training activities 3.91 

Wage and salary administration 5.37 
Safety 5.80 

Medical services 4.53 

Employee benefits activities 4.59 

Employee services activities 3.30 

Labor relation.^ activities 2.80 

Personnel records 4.75 


Those were total expenses; most of them 
were charged to the field (department, 
division, and plant), rather than to the 
central staff. 

A more inclusive survey of these cost.s 
was undertaken by the University of 
Minnesota Industrial Relations Center 
in 1952. Average costs were found to 
be approximately $50 per employee. 
Important differences among several in¬ 
dustry cla.ssifications were noted. Costs 
of some 20 major functions are sum¬ 
marized in Table 4.4. 

2 . COLLECTIVE BARGAINING 

Modem manpower management 
is not initiated and maintained 
entirely by the employer, although em¬ 
ployers haAC long played an important 
role in manpower management. In the 
Middle Ages, w'hen employment relation¬ 
ships were largely those of master and 

* Management News, Vol. 22, No. 10, 
October 31, 1949, 3. 


serf, the employer was patently the 
dominant figure. Later, in the days of 
early merchant and trader capitalism, 
much of this dominance was retained by 
employers. When national economic' phi¬ 
losophies were built about the notion of 
laissez fazre, and when all intervention 
by government was regarded as undesir¬ 
able, the overwhelming responsibility of 
the employer for manpower mobiliza¬ 
tion, allocation, and utilization was 
apparent to all. 

As theories of political democracy 
achieved wider acceptance, however, the 
tendency to place major responsibility 
for manpower management in the hands 
of employers lessened. National and local 
governmental agencies began to inter¬ 
vene in regulating employment relation¬ 
ships. At the same time, public opinion 
came to support—whereas it had in the 
past prohibited and deplored—the or¬ 
ganization of employees and the encour¬ 
agement of group bargaining with em¬ 
ployers. In this new climate of public 
opinion, permanent organizations of 
employees—unions—demanded and re¬ 
ceived increasing responsibility for deter¬ 
mining many of the conditions of em¬ 
ployment. Government agencies and 
unions 1 hiis came to share the authority 
and responsibility formerly held by em¬ 
ployers. Manjiower management was 
forced to recognize many employer- 
group relationships, in addition to those 
relationships between an employer and 
individual employees that had predomi¬ 
nated in the past. 

These employer-union a.spects of man¬ 
power management currently exert a 
powerful influence on all conditions of 
employment. In all industrialized na¬ 
tions, collective bargaining—the none 
too satisfactory designation given to the 
most obvious phase of these relationships 
—IS a major function in manpower man¬ 
agement. 

2.1 UNION INFLUENCE IN POLICY AND 

PROGRAMS 

Union participation in manpower 

management extends into both 
policy determination and program-plan- 
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ning and administration. Through collec¬ 
tive bargaining (and, to some extent, 
through political pressure) unions seek 
to influence on the one hand, basic policy 
—the stated intentions or objectives in 
employment relationships—and, on the 
other, the development and day-to-day 
administration of programs designed to 
implement these policies. They have de¬ 
veloped a strong and pervading deter¬ 
mination to increase and maintain their 
power in all these situations. Unions 
have thus, in a sense, become ends in 
and of themselves. 

Originally, unions were a means of 
advancing the economic interests of em¬ 
ployees. Early unions sought to secure 
higher incomes and to protest against 
unemployment and the displacement of 


[ri.i 

employees by machines. As union influ¬ 
ence expanded, these objectives remained 
in the forefront. But unions have also 
sought to give status and recognition to 
employees, to prevent arbitrary action 
by employers, and thus to provide added 
security in employment. 

2.1.1 Range of bilateral action, in 
current practice, joint action of employ¬ 
ers and unions in manpower manage¬ 
ment extends into a wide range of mana¬ 
gerial functions. Unions participate in 
many phases of employment relation¬ 
ships. Perhaps the best evidence is pro¬ 
vided by an analysis of the content of 
collective agreements or labor contracts. 
A classification of the usual clauses, such 
as that in Fig. 4.6, clearly indicates the 
range of this joint activity. 


FIG. 4.6 CHECK-LIST OF CLAUSES IN COLLECTIVE AGREEMENTS 


Fvrmal provisions 

Preamble and purposes of the agreement 

Life of the agreement 

Signatures of the parties 

Copies of labor agreement 

Amendments 

Change of employer 

Union recognition 

Exclusive bargaining agency 
Bargaining agent for members only 
Bargaining unit 

Labor Management Relations (Taft- 
Hartley) Act 

Union security 

Closed shop 
Union shop 
Preferenti^ shop 
Maintenance of membership 
Agency shop 

Work on non-union materials 
Union label or shop card 
Wearing of union insignia 
Labor Management Relations (Taft- 
Hartley) Act 

Union representation 
Union representatives 

Grievance procedure 

Grievances 

Lanor Management Relations (Taft- 
Hartley) Act 


Strikes and lockouts 
Strikes and lockouts 

Labor Management Relations (Taft- 
Hartley) Act 

Union activities and rights 

Union business activities 
Union notices 

Pledge of no coercion, interference, or in¬ 
timidation 
Union obligations 

Company encouragement of union member¬ 
ship (“harmony clause”) 

Inclusion of union constitution and by-laws 
Unionization of competitors 
Collection of union dues 
Labor Management Relations (Taft- 
Hartley) Act 

Management rights 

Management prerogatives 
Company rules and regulations 
Bulletin boards 
Contracting work out 
Patents or inventions 
Employment standards 

Wages 

Agreement increases 
Operating or individual increases 
Wage rate schedule 

Job rating, classification, and evaluation 
Incentive wages 
Reopening of wages 


* From “Union Contrneta and Collective Bargaining PracUce,” Labor Equipment, Vol. 4 (New York: 
PnnUce-Hall, Ino.), pp. 600, 601, 602. 
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Reporting pay 

Call-in pay 

Waiting time 

Travel allowances 

Portgl-to-portal pay 

Special clothing or tools 

Reimbursements to company 

Payroll deductions 

Night-shift differentials 

Payment of wages 

Lost-time allowances 

Transportation or relocation allowances 

Bonuses and proBt-sharing 

Guaranteed employment 

Annual wage 

Guaranteed work clause 

Wage reductions proMbited 

Retroactive back pay 

Working time and leave 

Regular hours 

Shift hours 

Meal periods 

Rest or relief periods 

Clean-up period 

Make-up time 

Company meetings 

State and federal regulations 

Election Day voting privileges 

Overtime and premium time 

Holidays 

Lateness 

Absence 

Vacations 

2.2 CONTRACT NEGOTIATION AND AD¬ 
MINISTRATION 

Collective bargaining consi.sts of 

two principal phases. One is con¬ 
cerned with initiating and negotiating 
the collective agreements or labor con¬ 
tracts that specify the jointly deter¬ 
mined conditions of employment. The 
other is contract administration—the 
day-to-day interpretation and applica¬ 
tion of the principles outlined in negoti¬ 
ated agreements. 

Contract negotiation is essentially an 
exchange of proposals and counter-pro¬ 
posals. It is customary to think of the 
union as the major “proposer” and the 
employer as the “opposer.” But in many 
relationships this is by no means neces¬ 
sarily true. It is true, however, that 
many employers have tended to wait 
and see what the union wants and then 
to decide how far to go in acceding to 


Leaves of absence 
Sick leave 
Military leave 

Employment relalionshipe 

Seniority 

Promotions and demotions 

Lay-off 

Discharge 

Resignations 

Working conditions 

Governmental regulations 
Company responsibilities 
First-aid facilities 
Sanitary facilities 
Eating facilities 

Safety and fire-protection equipment 
Safety organization 
W^orkmen’s compensation 
Physical examinations 

Insurance and benefit plans 

Insurance and benefit plans 
Prior or existing benefits 
Labor Management Relations (Taft- 
Hartley) Act 

Special employees 

Apprenticeship 

Foremen 

Labor Management Relations (Taft- 
Hartley) Act 

these demands. Such employers adopt a 
negative or paasive role in the negotia- 
tory stage of collective bargaining, allow¬ 
ing the union to take the offensive or 
active part. In many other situations, 
unions have appeared as the active party 
because they have given publicity to 
their demands, whereas the employers 
have made their objectives known only 
after the union demands have been 
publicized. 

In recent years, however, a sharp 
tendency for employers to assert them¬ 
selves and to take a more active and 
positive role in negotiation has become 
apparent. Most expert opinion has ap¬ 
proved this change, holding that only 
if both parties enter negotiations with 
carefully considered demands and out¬ 
spoken notice of the changes they desire 
can the process result in efficient con¬ 
ciliation of differences and a workable 
agreement. 
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2.2.1 Preparation for negotiation. If 

the actual process of negotiation—which 
usually takes place in a relatively short 
period—is to result in a satisfactory 
working arrangement, both parties must 
usually spend a great deal of time in 
preparation. They must discover what 
they wish to obtain in the negotiating 
sessions. Within unions, such a process 
means a more or less formal canvassing 
of the interested membership. For em¬ 
ployers, it means a similar examination 
of the opinions of executives, .super¬ 
visors, and individual employees. In both 
cases, what are considered desirable goals 
in negotiation may be complicated if not 
contradictory. Little agreement may be 
found on what either of the parties 
should seek. Divergent and opposed in¬ 
terests must be integrated and compro¬ 
mised. 

2.2.1.1 Sources of information. In 

order to decide on appropriate proposals, 
both the employer and the union may 
have to examine the record They will 
find it helpful to consider the experience 
of the past with respect to: 

1. Grievances. What have been the 
major sources or subjects? What i)re.«ent 
contract provisions have been found in¬ 
appropriate or inadequate? 

2. Violations. What sections of exist¬ 
ing agreements have been subject to 
most frequent violations? Why? 

3. Arbitration awards. How has the 
existing agreement been interpreted and 
modified by arbitrators’ decisions during 
the term of the contract? Should these 
changes be incorporated in the new con¬ 
tract, or should existing clauses be modi¬ 
fied to prevent such interpretation? 

4. Amendments. Has it been neces¬ 
sary to amend the present agreement 
during its term? If so, should these 
changes be incorporated in the new 
agreements? 

6. Unsettled issues. What points of 
dispute are pending? How should they 
be resolved in the new agreement? 

6. Industry and area developments. 
What changes have appeared in the 
agreements negotiated by other firms 
in the industry or area that may be 
appropriate in the new contract? 


[2.2.1 

2.2.1.2 Supporting facts and argu¬ 
ments. In deciding what proposals are to 
be made, both parties must consider 
how each proposal can be justified. They 
must discover, organize, and be pre¬ 
pared to present supporting information. 
Since for some issues the process of 
developing the case may be extensive 
and time-consuming, preparations must 
be begun many months before actual 
negotiations are to start. Extensive re¬ 
search may be essential. 

The Employee Relations Division of 
the National Association of Manufac¬ 
turers has provided the following sum¬ 
mary of preparatory steps:* 

“A. Before entering negotiations, 
management should be fully and 
accurately informed on; 

1. All pertinent information about 
the wage mtes involved, as related 
to job descriptions, from such 
sources as: 

Competitor companies in the in- 
du,stry 

Companies in the community 
Wage surveys 

Bureau of Labor Statistics bulle¬ 
tins and periodicals 
National Industrial Conference 
Board publications 
Trade associations, employers’ as- 
Eociation.s, etc. 

2. Employees’ average hourly earn¬ 
ings and average weekly earnings. 

3. P'lgurcs on the cost of living, both 
nationally and for the particular 
locality. 

4. A clear, factual picture of the 
problems peculiar to the company, 
supported where possible by charts 
and tables so that the information 
may be readily transmitted to the 
other party. 

5. Facts that will show the effect 
that employee and union demands 
will have on the company's ability 
to carry on its business and continue 
to make employment possible. 

♦From Management Guide for Collec¬ 
tive Batgainmg (New York; National As¬ 
sociation ol Manufacturers, Employee 
Relations Division, 1943), pp. 9-11. 
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6. Contractural relations of com¬ 
panies in the same industry and in 
the community. 

8. The rights of management under 
existing laws and statutes relating 
to labor relations. 

9. The laws, decrees, and regula¬ 
tions, whether Federal, State, or 
local, applicable to employment 
relations. 

“B. If the company has not had any 
previous negotiating experience, it is 
advisable for management to consult 
with competent counsel who is thor¬ 
oughly informed in the field of labor 
relations, before entering upon nego¬ 
tiation.'!. 

“C. It is important for management 
to think through its own po.sition in 
connection with the fundamental fac¬ 
tors that enter into the employer- 
employee relationship, so that it may 
adhere firmly and intelligently to such 
principles as it believes are basic to the 
operations of its business. 

“D. It must have clearly in mind, prior 
to negotiations, the extent to which 
management’s prerogatives and rights 
must be retained. 

“E. Prior to and during negotiations, 
management should thoroughly dis¬ 
cuss with its supervisors those matters 
of union-management relationship in 
the plant which have been particularly 
troublesome to supervisors, foremen, 
and the like. This discussion will give 
management a first-hand grasp of the 
actual problems that supervisors must 
face in their daily relations with the 
rank and file. 

“F. Management should be fully in¬ 
formed of the labor relations policies 
being administered throughout the 
plant.” 

Another illustration of the steps that 
may be taken in preparing for negotia¬ 
tion is the wage-data worksheet illus¬ 
trated in Fig. 4.7. 


following outline suggests current prac¬ 
tice:* 

No ‘standard practice’ in the desig¬ 
nation of employer or union negotiators 
can be described. Actual negotiations 
may be carried on by a single representa¬ 
tive or by a committee. Negotiating 
commitlee.s may include only two or 
three members, or they may be much 
larger. If large committees represent 
each of the parties, and if committee 
members participate freely in discus¬ 
sions, the rate of progress may be re¬ 
tarded. On the other hand, such com¬ 
mittees have many advantages. They 
broaden the educational aspect of nego¬ 
tiation. More representatives of each of 
the parties get to learn the other side’s 
viewpoint at first hand. Agreements thus 
hammered out should have fewer ‘bugs’ 
in them. Moreover, negotiators should 
have much less difficulty in securing rati¬ 
fication by their principals 

“In what is perhaps the most widely 
satisfactory procedure, a large committee 
IS created for planning negotiations, a 
small subgroup i.s designated to carry on 
the actual negotiations, and a .single 
spoke.sman is named as chairman of the 
latter group For the employer, the large 
planning committee may include repie- 
sentatjvcs of each division, including 
several fiist-line .suiua vi.sors. From thi.s 
group a .subcommittee of thiee, live, or 
seven, headed by the labor iclations di¬ 
rector, may be de.signated a.s bargaining 
representatives. For the union, the busi- 
ne.ss agent, local president, or inteina¬ 
tional representative may be chairm.an 
of the bargaining group When the two 
groups meet, these chan men act alter¬ 
nately as principal spoke.smen, calling on 
other members on specific questions or 
whenever these members indicate a 
desire to be heard. 

“There is much to commend broad 
participation in negotiations. Agreements 
must be ratified by bot.h parties. J’artic- 
ularly m the ca.se of the union, such rati¬ 
fication may be more easily secured if a 
number of members have worked on the 
agreement and are in a position to re¬ 
commend It. Further, those who have 
been present in negotiations are better 


2.2.2 Selection of negotiators. The ne- * From Dale Yoder, Personnel Principles 
gotiating representatives of each of the and Policies (New York; Prentice-Hall, 
parties must be carefully selected. The Inc., 1952 ), pp. 318-319. 
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FIG. 4.7 WORKSHEET FOR THE COMPILATION OF WAGE DATA TO BE USED IN 
NEGOTIATION* 


Year; '38 ’30 '40 '41 '42 ‘43 '44 '45 '46 '47 


Number of employees: Male 


Number of employees: Female 


Minimum wage: Male 


Minimum wage’ Female 


Av. Hrs. Worked per Wk. 


A. H. W. in Industry 


A. H. W. in all Mfg. 


fAv. Hr. Earnings 


tA. H. E. for Industry 


tA. H. E. for all Mfg. 


tAv. Weekly Flarnings 


tA. W. E. for Industry 


tA. W. E for all Mfg. 


Community Cost of Living Index 


National Cost of Living Index 


tMan hrs. per unit of product 


{Labor cost per unit of product 


{Units of product mfg. per employee per month 


Earnings of Company 


% paid to employees 


% paid to stockholders 


% reinvested in company 


Cost to Company of. 


Vacation Plan 


Paid Holidays, if any 


Shift Bonus, if any 


Rest periods, if any 


Other Fringe Benefits 


Cost to Company of. 


Group Insurance Plan 


Cafeteria 


Medical and Health .Services 


Credit Union 


Safety Program 


Other Welfare Programs 


Total Cost 


% of yearly payroll 


Cost per employee 


• From "Preparing to Negotiate," Management Memo No. S (New York: National Association of Manu¬ 
facturers, Employee Relations Division, March 1947), p. 13, 
t Prepare figures with and without overtime. 

{ If obtainable, sitiiilar data for Industry would moke comparison more meaningful. 

1. For quick comtirehension, reduce to chart form. 

2. Add complete job rate schedule as an appendix. 

3. Wage data for employees outside the specific bargaining unit may also be compiled. 
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able to interpret and apply the resulting 
contract. They know what the parties 
agreed to and can thus supplement the 
limited statement included in the formal 
agreement. 

"Prestige and authority. It is desirable 
that each side be rejiresented in negotia¬ 
tions by persons having authority to 
make some commitments. Bargaining is 
slowed if each minor concession and 
adjustment tentatively aivepted must be 
referred to a higher authority for ap¬ 
proval. For this reason, it is sometimes 
suggested that the employer should be 
represented by the T>resident or other 
chief executive, while the union spokes¬ 
man should be an international olficer or 
someone el.se wlio is fully authorized to 
make final and binding commitments. 
Sometimes the authority and prestige of 
the bargainers is depended on to make 
whatever agreement is reached accept¬ 
able to ail those thus represented. 

“However, such arrangements provide 
onlj' a superficial solution to a very com¬ 
plicated problem. The agreement worked 
out in negotiations should be practical 
and usable and truly satisfactory to those 
whose daily efforts are to be shaped by 
it. Such an agreement should be accepted 
because it provides a reasonable concilia¬ 
tion of interests and objectives. It should 
not be forced on participants by the 
authority or prestige of bargainers. High- 
titled officials are apt to be too far from 
the reality of day-to-day relationships to 
be well suited for singlehandcd negotia¬ 
tions. Their prestige and authority may 
best be held in reserve, in part to settle 
issues on which the bargaining repre¬ 
sentatives cannot agree and m part to 
join in recommending acceptance of such 
agreements as are reached. 

"Lawyers as representatives. Some cur¬ 
rent practice places negotiations m the 
hand.s of lawyers for each of the parties. 
They become the official spoke.smen, lead 
the discussions, and work out the lan¬ 
guage of resulting agi cements. Their im¬ 
print is clearly evident on many current 
agreements. This tendency to delegate 
bargaining to lawyers is frequently de¬ 
plored by both employers and union 
officials. They insist that lawyers are too 
legalistic in their approach and that re¬ 
sulting agreements are likely to be 
framed in language that is replete with 
meaningless or complicated legal phrase¬ 
ology. 

“Such generalizations are only par¬ 


tially true. Some lawiyers who have spe¬ 
cialized in industrial relations law can 
and do make valuable contributions in 
negotiations. Others, if they give only 
infrequent attention to this type of work, 
may seek to transfer practices developed 
in other fields of law to industrial rela¬ 
tions. Here the results may be unfortu¬ 
nate. Lawyers who are not familiar with 
the language, practices, and techniques 
of industrial relations may be a genuine 
handicap to satisfactory negotiation. In 
any ca.se, they should sit in as advisers 
to negotiators rather than a.s chief 
spokesmen for the parties. As advisers, 
they frequently contribute a degree of 
reasonablene.ss and impartiality that 
helps greatly in reconciling conflicting 
viewpoints. 

“Group bargaining. When employers 
bargain through a local association or 
unions through a special committee of 
the central labor union or local industrial 
council, representatives of the firm or 
local will presumably participate only 
indirectly in negotiations. Whatever 
agreements are reached become binding 
on all parties. The problem of ratifica¬ 
tion may be complicated in such situa¬ 
tion.*?. Local representatives must be two- 
way salesmen, first securing as many 
concessions as possible from the oppos¬ 
ing party and then ‘selling’ the resulting 
contract to their sponsors. 

“In some situations, local employer as¬ 
sociations provide specialized bargaining 
representatives. These specialists, devot¬ 
ing most or all of their time to negotia¬ 
tion, develop a high degree of skill in 
negotiatory techniques. If unusual prob¬ 
lems are involved, however (and most 
employers seem to feel that their prob¬ 
lems are unusual), care must be taken 
to secure their full understanding before 
and during negotiations. The use of such 
specialized services tends also to intro- 
* duce an element of ‘patterns’ in agree¬ 
ments. Such patterns may reduce local 
inequities and create uniformity in work¬ 
ing conditions, but they may also be 
inappropriate for certain firms or unions. 

“Local unions face similar problems 
when they are represented by outside 
officials from their international union 
or when they bargain through a city 
central or industrial council.’’ 

2.2.3 Physical setting for negotiation. 

Leonard Smith has provided an excel¬ 
lent statement of desirable physical sur- 
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roundings for bargaining sessions. His 
statement is as follows:* 

“Physical set-up of negotiations. The 
physical set-up of the negotiating ses¬ 
sions bring with it a number of problems 
that have to be settled before collective 
bargaining commences. In the first place, 
the parties must decide where the ses¬ 
sions are to be held. For all practical pur¬ 
poses, this is simply a question of 
whether to locate the bargaining room 
within the company prenn.ses or in out¬ 
side facilities. When the negotiatioii.s are 
held within the plant or on the com¬ 
pany’s premises, usually no costs are 
involved. Outside locations involve costs 
that may be met by the company alone 
or by both parties equally Some nego¬ 
tiators prefer to bargain at the plant; 
others prefer to be away from the com¬ 
pany’s premises. Whore there are ade¬ 
quate facilities available on the com¬ 
pany’s premises, no special advantages 
or disadvantages are to be gamed by 
using cither location. 

“One of the mam problems to be con¬ 
sidered in the selection of the bargaining 
room for other than .single-plant bargain¬ 
ing is the geographical location When 
plants or companies are located in dif¬ 
ferent areas, it may be difficult to get 
the two parlies to agiec on a given loca¬ 
tion. In fact, this becomes more compli¬ 
cated when the company’s ‘home office’ 
or the union’s ‘international offices’ are 
the groups to conduct the bargaining ses¬ 
sions. Such a situation may at times oc¬ 
cur even in single-plant bargaining. 
Many solution.s have been reached on 
this problem, among them the following; 

1. Annual rotation of bargaining ses¬ 
sions among the sites of the various units 
concerned with the negotiations. 

2. Selection of an outside site. 

3. Alteinating between raanagement- 
and union-selected sites. 

4. Agi cement on a fixed site. 

“Negotiating room. Adequate facili¬ 
ties include a room large enough to 
contain a table with .-sufficient seating 
capacity for all membeis of both bar¬ 
gaining committees and additional space 
for seating any observers. The room 
should be properly illuminated through- 

* Reprinted by permission from Leonard 
J. Smith, Collective Bargaining (New 
York: Prentice-Hall, Inc., 1946), pp. 40-42, 

44. 
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out the sessions—day as well as night. It 
should either be sound-proof or located 
in a quiet spot to prevent disturbances 
or interferences with the discussions or 
the thinking of the negotiators. Ade¬ 
quate ventilating facilities for the room 
are also important. All three of these 
factors affect the rate of fatigue and thus 
affect the negotiating abilities of the 
parties. Through proper care or control, 
the physical conditions in the room can 
be made comfortable and pleasant. Ash 
receptacles should also be provided. 
Their presence in the room serves to put 
at ease those negotiators who smoke. 
Another physical facility that also serves 
as part of the clerical needs of the nego¬ 
tiating sessions is a blackboaid or some 
similar equipment, which will prove ben¬ 
eficial whenever one of the negotiators 
wishes to emphasize or clarify a point by 
making certain data visible to all par¬ 
ticipants. 

“It is advisable to hold the collective 
bargaining meetings in the center of a 
series of three rooms, thus permitting 
each side to take a recess duiing the ses¬ 
sions whenever one is deemed ncces.sRTy. 
Unless this is provided for, a vital phase 
of the bargaining piocess is neglected 
and the negotiations are unnecessarily 
prolonged. It is during such a recess that 
one side may decide to change its posi¬ 
tion or stand on specific points. A caucus 
held during a recess frequently leads to 
the realization that the stand taken 
should be modified if an "agreement is to 
be obtained that will be advantageous 
both to the company and to the em¬ 
ployees. These recesses are also valuable 
in permitting the negotiators to obtain 
relaxation from the strain and fatigue of 
bargaining. In this connection, it might 
be desirable to have the recess rooms 
equipped with easy chairs, a washroom, 
and possibly a bed. Such arrangements 
might be unobtainable, however, except 
m a hotel or at a club. 

“Clerical needs. In addition to the 
availability of a blackboard, which can 
be considered as one of the cleiical pro¬ 
visions of collective bargaining, there are 
a number of other clerical needs that 
should be considered. The finst of these 
concerns stenographic services. 

“There are two principal needs for 
stenographic services. One is the taking 
down of the verbatim discussion, and the 
second is the putting into writing of all 
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points agreed upon prior to the final 

agreement.” 

2.2.4 Negotiating procedure. What 
are the appropriate procedures in collec¬ 
tive bargaining or negotiating sessions? 
Who should act as chairman? Which of 
the parties should begin the presentation 
of demands? How is order preserved? 

Some of these questions may be an¬ 
swered either by the terms of the con¬ 
tract still in effect or by tradition. For 
example, contract term.s may specify 
that each party shall notify the other 
at least GO days before the expiration 
date of any changes or modifications to 
be sought in negotiations. In that case, 
both parties will have had the ])relimi- 
nary statement of issues, and discussion 
may be started as soon as the session is 
convened. 

An excellent guide for collective bar¬ 
gaining has liecn jirepared by the Indus¬ 
trial Relations Divusion of the National 
Association of Manufacturers. It de¬ 
scribes appropriate procedure as fol¬ 
lows:* 

'‘Management Committee 

1. Becau.'^e collective bargaining and 
the provisions of the contract agreed 
upon are of major importance to the 
life of the business enterjinse, great care 
should be ext’rcii'cd in the selection of the 
management committee which will jiar- 
ticipate m the ru'goliations. 

2. I’liis committee should include one 
or more reoponsihle top ojierating execu¬ 
tives of the comjiany, who are thor¬ 
oughly informed on all phases of the 
busine.'^s, the industrial relations execu¬ 
tive, and, where deemed dr*sirabie, com¬ 
petent counsel fully versed in labor re¬ 
lations. 

‘‘Who Conducts Negotiations 

1. Top management should not dele¬ 
gate to an outside agency the responsi¬ 
bility of conducting negotiations except 
in cases wnere unusual circumstances 
may make that course necessary. 

* Management Guide for Collective Bar¬ 
gaining, pp. 11-19. Reprinted by permis- 


2. One individual from the manage¬ 
ment committee should be selected to 
conduct actual negotiations for the em¬ 
ployer. He should act as the spokesman 
for the management committee and have 
the authority to make decisions for the 
company within limits; these limits 
should be clearly know'n in advance to 
all members of the management com¬ 
mittee. 

“The Role of Counsel 

1. Competent legal or other counsel, 
thoroughly experienced and informed in 
the .sphere of labor relations, should be 
available to the management committee 
for consultation prior to and during the 
course of the negotiations. 

2. It is not generally considered de¬ 
sirable for the legal counsel to conduct 
actual negotiations. 

8. Legal counsel should review the 
language of projicsed contract clauses 
before final agreement is reached. 

“Negotiation Meetings 

1 Under most conditions, negotiation 
meetings should be held on company 
property; however, there will be oa.«es 
where circumstances or custom dictate 
otherwise. 

2. Negotiations should not be carried 
on for more than several hours at a time. 
A short recc.ss prosent.s an excellent op¬ 
portunity for reflection and, frequently, 
brings with it a new point of view. 

3. It IS sometimes desirable to po.st- 
jKjiie negotiations, so that both jiarties 
may have an opjiortunity to review and 
to restudy the issues in que.-Ntion. 

“Negotiating Committees 

1. Becau.se collective bargaining also 
serves as a two-way channel to improve 
the employment relationship, it may be 
desirable that a union representative, 
union committee, or union negotiator be 
accompanied by a group of erniiioyees. 
This jiractice permits employees to see 
at first hand that management is con¬ 
ducting the negotiations in good faith 
and is dealing fairly w'lth them. It also 
affords management an opportunity to 
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educate its employees in the problems of 
management. 

2. In some instances, however, it is 
advisable for both negotiating commit¬ 
tees to be small in number. 

Negotiation Techniques 
Presentation of Management Proposals 

1. Management has the clear right to 
formulate and to present its proposals 
for negotiation. 

2. Where possible, management should 
assume leadership in negotiations by 
having its proposals serve as the basis 
for negotiation. 

3. Management should submit coun¬ 
ter-proposals at different times during 
the course of negotiations as evidence 
of bargaining in good faith. 

“Where Union Presents Its Demands 

If management is presented with a 
draft of the proposed contract by the 
employees or their representatives, it 
will be helpful to follow these pro¬ 
cedures; 

1. Sometimes this draft is forwarded 
to management through the mails, thus 
giving management the opportunity to 
study its contents before beginning nego¬ 
tiations. 

2. In other instances, the proposed 
contract is presented to management at 
the first negotiating meeting. When this 
happens, management should not at¬ 
tempt to enter into negotiations immedi¬ 
ately but should instead take suf¬ 
ficient time for a thorough study of 
the proposed provisions. It is desir¬ 
able, however, for management to give 
evidence of its intention to proceed 
promptly with negotiations. 

3. After careful study of the proposed 
contract, management will find it very 
helpful to prepare, for its own use, a 
check-list of the clauses therein, classi¬ 
fied as follows: 

a) The clauses that can be accepted as 
wntten. 

b) The clauses that would be accepta¬ 
ble if amended. 

In this case management should 
revise the clauses in question and 
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be prepared to present them to the 
union with factual and reasonable 
explanation for the changes when 
the opportunity arises. 

c) The clauses that are ambiguous, 
and in which the real meaning or 
intent is not clear. 

With respect to such clauses, man¬ 
agement should seek to determine 
the actual principle or thought in¬ 
corporated therein and, if accepta¬ 
ble, revise the language so that 
the intent is clearly and directly 
stated. 

d) The clauses that the company can¬ 
not accept. 

In connection with this last group 
of clauses, management should be 
prepared to give the union clear 
and specific reasons why they are 
not acceptable. 

These check-lists will be helpful in 
keeping management on the alert during 
the course of negotiations and will afford 
management the opportunity of taking 
a constructive position when the accept¬ 
able provisions are in discussion and 
advancing reasonable arguments against 
the provisions that are unacceptable. 

4. Because many clauses of the con¬ 
tract are affected by others, it is inadvis¬ 
able to make the final decision upon any 
provision in advance of reaching agree¬ 
ment on the contract as a whole. 

“General Discussion of Demands 

1. In the first discussion of a proposed 
contract, a general exploration of the 
objectives and viewpoints of both parties 
will be helpful. 

2. If the proposed contract has been 
presented by the union, it is desirable 
to begin the negotiations by having the 
union representatives or negotiators first 
explain each point contained therein. 

“Managements Course 

1. Management may then proceed to 
explain the company’s position on such 
points as may be in dispute, and by that 
explanation reveal the unsoundness of 
any point and the effect it may have on 
the future course of the company’s busi¬ 
ness. This type of objective discussion 
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will clarify the significance of each point 
and facilitate the meeting of minds. 

2. By the leadership it exercises in the 
conduct of negotiations, management can 
help materially in restricting the area of 
disagreement and thereby enlarge the 
area of agreement, thus utilizing collec¬ 
tive bargaining as a valuable instrument 
for cementing good- relations “between 
employer and employees. 

3. As collective bargaining proceeds, 
management should discuss the various 
points with plant supervisors, to the ex¬ 
tent feasible, since they are the individ¬ 
uals who in actual practice carry out 
the terms and conditions of the agree¬ 
ment in their daily relations with the 
employees they supervise. 

“Avoid Deadlock 

It is desirable that every effort be 
made to avoid a deadlock. In every in¬ 
stance where a stalemate looms, it is 
the responsibility of both management 
and the union to explore the problem in 
point, discuss it constructively and from 
all angles, and keep the door open for 
suggested solutions. 

“Retroactive Factors 

Any retroactive proposals with respect 
to any particular issue or provision un¬ 
der negotiation should be carefully 
thought through, and a fair retroactive 
period of definite duration should be 
agreed upon by both the union and man- 
.'igement prior to the start or during the 
course of negotiations. 

“Language of Clauses 

1. All clau-'OS should be clearly under¬ 
stood by both parties and the language 
should expre.-^s that understanding 
clearly and without ambiguity, so that 
the contract may be carried out in a 
spirit of good will. Ambiguously w'orded 
clauses are obstacles to sound employ¬ 
ment relations because they cause dif¬ 
ferences in interpretation and are poten¬ 
tial breeders of dispute. 

2. The language of proposed clauses 
should be carefully reviewed by com¬ 
petent legal counsel as negotiations con¬ 
tinue, and the draft of the proposed 
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wTitten agreement should be finally re¬ 
viewed by counsel before it is finalized 
by signature. 

“Finalizing the Agreement 

1. If an agreement is reached between 
the company and the union there should 
be no delay m reducing it to writing and 
having it properly signed. 

2. The terms and conditions of the 
agreement reached as a result of collec¬ 
tive bargaining negotiations should be 
specific, definite, and complete, as of the 
date of signing.” 

2.2.5 General or specific statements. 

Should the re.sulting agreement be a 
contract that specifies relationships in 
detail? Or should it be an informal 
agreement that outlines the general prin¬ 
ciples on which the parties agree and 
leaves the details of implementation to 
day-to-day operators? This is a question 
on which much argument has turned. 
Many experienced parties, having oper¬ 
ated under informal, general agreements 
for years, insist that the shorter the doc¬ 
ument the better. Many others, equally 
experienced, express a strong prejudice 
in favor of detailed provisions covering 
each phase of the relationships. 

This difference of opinion appears to 
be closely related to the practices or 
intentions of the parties with respect 
to contract administration. If the day-to- 
day relation.ship is to be of the “arms- 
Icngth” tj'pe, in which one or both 
parties insist on the letter of the agree¬ 
ment, then a specific and detailed con¬ 
tract is e.sscntial. If, on the other hand, 
admini.stration is to be of the mediatory 
or “clinical” type, with representatives 
of each jiarty seeking to apply the gen¬ 
eral principles of the agreement and 
willing to make adjustments and modi¬ 
fications in the interest of friendly co¬ 
operation, then much less detail is nec¬ 
essary. No clear-cut trend toward one 
type or the other has yet developed. Nor 
does such a trend appear likely so long 
as these sharply different attitudes and 
practices in administration continue. 

2.2.6 Contract administration. Collec¬ 
tive bargaining has only begun when an 
agreement has been negotiated. Although 
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FIG. 4.8 INTERPRETATION OF NEW CONTRACT CLAUSES* 


63. Minutes shall be kept of all Labor Rela> 
tions Committee meetings. These min¬ 
utes shall be signed by representatives 
of the Local Union and the Company, 
and sufficient copies shall be furnished 
to all Committee members, an accred¬ 
ited representative of the Local Union, 
and one each to the Union's International 
Office and the Industrial Relations De¬ 
partment of the Company. The foregoing 
shall be the resporonbility of the Labor 
Relations Committee. 

SECTION VIL REVIEW^. BOARD 

64. To assist in the attainment of the mutual 
objectives of the parties as set forth in this 
Agreement, promptly after the execution 
of this A greement there shall be established 
a Review Board. 

65. Composition 

The Riview Board shall be composed of 
ten (10) members, five (5) of whom shall 
be appointed by the Union and five (5) of 
whom shall be appointed by the Company. 
A t least three (3) of the members appointed 
by the Union shall be chosen from the 
Executive Board of the International 
Union, and at least three (3) of the Com¬ 
pany members shall be representatives of 
departments at its Minneapolis executive 
offices. Six (6) members shall constitute a 
quorum, but in the event of unequal repre¬ 
sentation, only an equal number of Com¬ 
pany and Union representatives .shall be 
entitled to vpte on matters brought to a 
ballot. Each parly .shall designate a co- 
chairman, and .such two ro-chaiimen shall 
jointly carry out any functions of the 
Board as may be delegated to them. 

66. Meetings 

The Review Board shall conduct regular 
meetings not less than once each quarter 
and special meetings upon written request 
of either party to consider any grievances 
referred to it by a plant Labor Relations 
Committee. All regular and special meet¬ 
ings of the Board shall be held at such 
place or places as ru'y be jointly agreed 
to by the two co-chairmen. 

* Reproduced by permiasion of Genera) Milla, Ino. 

many controversial issues may have been 
compromised or otherwise eliminated, 
the agreement can at best only state the 
intentions of the parties. It is a state- 


Copies of minutes are also to be forwarded 
to the Union's International Office and to 
the Company’s Industrial Relations De¬ 
partment. Responsibility for preparation 
and distribution of minutes has been made 
the joint responsibility of the Company and 
Union members of the Labor Relations 
Committee. From the practical standpoint, 
the Company will probably have to con¬ 
tinue to do the work involved. 


New. 


This provision establishes a joint commit¬ 
tee, comparable to the plant Labor Rela¬ 
tions Committee, to deal with the company¬ 
wide aspects of the labor-management 
relationship under the Master Agreement. 
This approach is an experiment which the 
Union and the Company have agreed to try 
in the hope that with continuing machinery 
of this nature, we can more effectively deal 
with the areas of disagreement which con¬ 
tinue to crop up during the contract year, 
in spite of the fact that to all intents and 
purposes, a satisfactory agreement was 
reached during contract negotiations. The 
new Board takes over the International 
Officer-Company executive discussions 
which previously operated at the Fourth 
Step of the grievance procedure and at the 
equal-committee phase of the arbitration 
procedure. In addition to this function in 
the formal grievance procedure, the Board 
m.ay develop interpretations of Master 
Agreement provisions and deal with dis¬ 
agreements and problems which arise out¬ 
side the provisions of the agreements. The 
composition of the Board has been made 
flexilde so a.s to provide adequate local rep¬ 
resentation for the discussion of matters 
relating to a single plant. 


ment of bilateral policy. Its implementa¬ 
tion and application must be developed 
in day-to-day operations and relation¬ 
ships. Various programs must be planned 
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and instituted to effectuate the terms of 
the agreement. Development and main¬ 
tenance of these programs and interpre¬ 
tation and application of the agreement 
to working conditions and relationships 
are described as contract administration. 

In effect, the contract is administered 
by all who work under its terms. Major 
responsibility for its administration falls, 
however, on supervisors and manage¬ 
ment, on the one hand, and, on the other, 
on union representatives, including shop 
stewards, business agents, and other of¬ 
ficials, as well as designated members of 
shop committees and grievance commit¬ 
tees. 

A major problem in contract adminis¬ 
tration IS explaining a new contract to 
all who must interpret it. New provisions 
for which no meanings and procedures 
have been established may require care¬ 
ful explanation. Since many of those 
who must interpret the new clauses will 
not have participated in the negotiations, 
they will not know precisely what the 
negotiators had in mind when the clauses 
were written. They must be advised on 
these points. 

Bargaining representatives sometimes 
prepare special interpretive bulletins to 
explain the context and meaning of 
troublesome clau.scs. The new agreement 
may be compared with the old agree¬ 
ment so that significant changes and 
modified relationshqis can be pointed up. 
Figure 4,8 illustrates the technique em¬ 
ployed by one laige industrial relations 
division. Each paragraph of the new 
agreement is identified as the same as 
or different from earlier provisions and 
the detailed meaning of all new clauses 
is explained in a parallel column on the 
same page. 


2.3 UNION RECOGNITION AND SECUR¬ 
ITY 

Throughout the several hundred 
years that unions have existed, 
many attempts have been made to cur¬ 
tail their operation and growth. Employ¬ 
ers and their associations have used 
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a variety of devices—^labor injunctions, 
yellow-dog contracts, and many others— 
to discourage union membership and to 
weaken unions. As a result, negotiations 
abvays involve some defensiveness on 
the part of unions, and many of the 
demands made by union representatives 
are related to “union security.” 

The term “union security” as it is now 
used refers to the status of the union, 
the protection of its interests and activi¬ 
ties, and the means provided for assur¬ 
ing Its continued acceptance as the rep¬ 
resentative of employees. These issues 
may arouse highly emotional reactions. 
Members will fight to insure the con¬ 
tinued status of the organization. Here 
is how one conference notebook puts it: * 

“Every member who considers the 
union as an important instrument in 
achieving the first four objectives (maxi¬ 
mum income, job security, individual 
security, and ‘working conditions') will 
be anxious to be sure that the union is 
strong enough to achieve them. There¬ 
fore the union seeks to be recognized as 
a participating party in the decisions af¬ 
fecting its members. Of course, such par- 
ticqiation and such support come not 
only from the actions and agreements 
of the employer but also from the effec¬ 
tiveness of its own organization and 
leaders.” 

2.3.1 Types of Union Recognition. 

Unions seek recognition in order to pro¬ 
tect themselves from attack, to better 
control their members, and to assure per¬ 
formance and observance of labor agree¬ 
ments. I'hcy insist that employers recog¬ 
nize the union as the responsible agent 
and representative of employees. In .-oine 
cases, unions arc granted e.\clusive pow¬ 
ers to represent employees—even to the 
extent that only union members will be 
hired. To facilitate this arrangement— 
generally described as the “closed shop” 
—employers may actually delegate the 
selection and recruitment of new em¬ 
ployees to the union. In other situations, 
lesser degrees of recognition are granted. 

* Notebook for First Year Members, 
Third Annual Steel Workers’ Institute, 
Umversily of lllinoia, 1949, p. 2. 
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The several common types of recogni¬ 
tion have been described as follows:* 

“Types of shop, ka a further step in 
the development of union recognition 
and security, several tyi>es of limitations 
on employment have appeared. They 
represent varying degrees of control 
over labor supplies accorded to the un¬ 
ion, ranging from one extreme in the 
‘open shop’ to the other extreme in the 
‘closed shop’ with a ‘closed union.’ In 
addition, several forms of ‘checkoff’ may 
be established to assure the union that 
members will pay their dues and other¬ 
wise maintain their good standing in the 
union. 

“Closed antivnion shop. The closed 
antiunion shop is no longer widely estab¬ 
lished, although there may be manage¬ 
ments in a few localities that still 
approximate this arrangement in their 
employment policies. In it, no unionists 
are accepted for employment. This type 
of discrimination was not unusual in the 
period before public policy and legisla¬ 
tion approved collective bargaining. It 
was frequently associated with and en¬ 
forced through the yellow-dog contract, 
by which an employee agreed not to be 
or become a member of any union during 
the term of his employment. The Na¬ 
tional liabor Relations Act of 1935 made 
such practices illegal in the industries to 
which it applied. 

“Open shop. In the open shop, un¬ 
ion membership is regarded as having 
no relationship to employment. Often 
described as the 'American plan’ in years 
past, the open shop means that employ¬ 
ment is open to all, union and nonunion 
alike. Since no attention is paid to union 
membership, no recognition is granted to 
a union, and no collective bargaining is 
practiced, under this arrangement. For 
this reason, the open shop has been 
attacked by unionists, who argue that it 
is an antiunion arrangement. They insist 
also that it was frequently a .screen or 
cloak for the closed, antiunion shop. It 
is the open shop that Finley Peter 

* Quoted from Dale Yoder, Manpower 
Economics and Labor Problems (New 
York: McGraw-Hill Book Company, Inc., 
1950), pp. 461-463. 
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Dunne had ‘Mr. Dooley' describe when 
he said: ‘What is th’ open shop? Sure, 
’tis where they kape the doors open to 
accommodate th’ constant stream of min 
cornin’ in t’ take jobs cheaper than th’ 
min what has th’ jobs.’ 

“Union shop. The union shop is pres¬ 
ently the most common type of union 
security provision. In it, all employees 
are required to become union members 
within a stipulated period after they are 
hired and to remain members through¬ 
out their employment. Union member¬ 
ship is not a requisite for hiring, but 
after 30, 60, or 90 days—usually corre¬ 
sponding to the period of probationary 
employment—if an employee wishes to 
remain, he must join the union. There¬ 
after, the employee must retain his mem¬ 
bership as long as the union-shop pro¬ 
vision is in force. 

‘ Under earlier union-shop provisions, 
if an employee was expelled from the 
union, he lo.st his right to continue on 
his job. Recently, however, under regula¬ 
tions imposed by the Labor Management 
Relations Act of 1947, discharge for lo.ss 
of union membership may be enforced 
only if the expulsion is for nonpayment 
of dues, not for other offenses against 
the union. By this change, the authority 
of the union to discipline its members 
was obviously weakened. 

“Maintenance of membership. During 
World War II, when work stoppages 
could not be tolerated, maintenance of 
membership was established in many 
shops, as a compromise between union 
demands for a union or closed shop and 
employer refusal to grant such terms. 
The arrangement had been used in a few 
industries before the war, but the War 
Labor Board gave it w’lde usage and 
made it the most common form of union 
security. 

"Under maintenance of membership 
provisions, present employee.s are given 
an escape period, generally of ten days 
or two weeks, when the arrangement is 
established. During the escape period, 
they must decide whether or not they 
wish to become or remain members of 
the union. At the expiration of this 
period, all those who are union members 
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must maintain their membership for the 
duration of the contract or agreement. 
New employees exercise the same option. 
If they join the union, they must remain 
in it for the duration of the agreement. 

“The Rand jormvla. Another World 
War II contribution, originating in 
Canada, is the Rand formula, so called 
because it was advanced by Justice Rand 
as a basis for settlement of a Ford Motor 
Company strike in Canada in 1945. It 
is similar to what is sometimes described 
as an agency shop. It requires that all 
employees pay dues to the union, 
whether members or not, and further 
requires that the union poll all employees 
—members and nonmembers alike—in 
strike votes. It is designed to prevent 
‘free riders,’ i.e., employees who secure 
all the benefits resulting from union ne¬ 
gotiation without contributing anything 
to the support of the union. 

“PTejerential shop. In the preferential 
shop, union members arc given prefer¬ 
ence in hiring. Nonmembers are em¬ 
ployed only if no union members are 
available. This type of relationship is 
general only in situations where a union 
has achieved recognition, generally as 
sole bargaining agent, and where collec¬ 
tive bargaining is accepted. The prefer¬ 
ential shop has a long history in certain 
industries, of which the building trades 
are an outstanding example. 

“Closed shop. In the closed shop only 
union members may be hired. Employers 
may secure employees through union- 
controlled hiring halls or by asking a 
union official to supply candidates or 
otherwise. While an employer does not 
ordinarily have to accept members 
recommended or referred, his choice is 
restricted to union members. 

“The closed union is not a form of 
union security contract provision. It is, 
however, closely related and frequently 
confused with such provisions. A closed 
union is one that shuts the door to all 
or specified types of applicants, thus 
limiting its membership. Any union may 
have such rules, but the term is generally 
used to refer to what are regarded as 
questionable or unreasonable limitations 
on admissions. For example, the fact 
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that applicants must show a knowledge 
of painting to be admitted to the 
painters’ union would not be considered 
evidence that it is a closed union, nor 
would it be objectionable. But require¬ 
ments that new members of a union 
must be sons of present members, or 
members of a specified race, or that no 
new members will be accepted, or that 
membership may not exceed a prescribed 
number would justify such a designation. 

“The checkoff. Another means of pro¬ 
viding union security is the checkoff of 
union dues. Under checkoff provisions, 
m.'inagement deducts specified union 
dues and fees from wages and remits 
the amounts involved directly to the 
union. The device w^as not widely used 
before World War II, although it had 
long been included in contracts negoti¬ 
ated by the United Mine Workers. Dur¬ 
ing the war, many organizations, par¬ 
ticularly the newer unions and those that 
were growing rapidly, .sought and re¬ 
ceived checkoff provisions by order of 
the War Labor Board. Since the w'ar, 
these provisions have become common 
in a w’lde range of industries. 

“Two types of checkoff may be noted. 
One is described as voluntary and revo¬ 
cable. Under this arrangement, em¬ 
ployees may (usually upon written 
notice to the employer) ask that deduc¬ 
tions be made from their wages and 
forwarded to the union. They may dis¬ 
continue this arrangement by a sirniKar 
notice to the employer. Under compul¬ 
sory and irrevocable provisions, however, 
union members are required to authorize 
the checkoff and cannot rescind their 
authorization.” 

' 2.3.2 Current practice. World War II 
popularized the membership type of 
union security, which represented a com¬ 
promise between union demands for the 
closed or union shop and the insistence 
of employers that they would permit no 
special grants of additional union recog¬ 
nition because of the war. Immediately 
after the war, the federal Taft-Hartley 
Act prohibited the closed shop in indus¬ 
tries involving interstate commerce. 
These developments are reflected in 
current practice, in which the union shop 
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has become the most common form of 
union recognition. Present arrangements 
provide for the union shop in about 60 
per cent of all contracts, for maintenance 
of membership in about 15 per cent, and 
for designation of the union as sole 
bargaining agent in about 25 per cent. 
About two-thirds of all contracts include 
the checkoff. 


2.4 MANAGEMENT SECURITY 

Many managements appear as in¬ 
secure as the union.s with which 
they deal. Since increasing areas of em¬ 
ployment relationships are being con¬ 
trolled through collective bargaining, the 
field of unilateral action open to man¬ 
agements appears to be narrowing. As 
unions have demanded the right to 
negotiate on additional conilitions of em¬ 
ployment, and a.s governmental ad¬ 
ministrative agencies have ruled that 
employers must bargain if requested to 
do so, many managements have come to 
fear that their range of action may be 
completely eliminated. 

Since there is no simple criterion for 
identifying the areas in which manage¬ 
ments should have a free hand, the ques¬ 
tion of how much freedom they should 
have often becomes a matter of economic 
strength. As a result, the question of 
management’s rights has became a sub¬ 
ject of bargaining in many situations. 
Tw'O types of bargained contract clauses 
are notable. In one of them, the parties 
agree that all employment conditions not 
specifically mentioned in the contract are 
reserved for unilateral action by the 
management. In the other, areas in 
which management may act without 
consultation with the union are spe¬ 
cifically designated. 

Clearly, collective agreements may 
sharply modify management’s earlier un¬ 
restricted rights. The right to hire and 
fire, for example, is obviously modified 
by closed or preferential shop arrange¬ 
ments and by clauses specifying proce¬ 
dures for discipline and discharge. Pro¬ 
fessor Douglass V. Brown has provided 
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a clear statement of this change. He 
says: * 

"Management rights under the agree¬ 
ment. We are now in a position to tackle 
more directly the question of the rights 
of management when a collective agree¬ 
ment is in effect. Put briefly, the rights 
of management are of two sorts. In the 
fir.«!t place, there are those rights which 
may be explicitly set forth in the written 
agreement. In the second place, there 
are those rights which management has 
exerci.sed in the past, and with respect 
to which no limitation is contained in the 
agreement. 

‘‘Superiicially, this position may seem 
to bear a strong resemblance to the view 
that was earlier described a.? an extreme 
view and was rejected. Actually, how¬ 
ever, there are important and far-reach¬ 
ing differences. The proposed approach 
contains no suggestion of prerogatives’ 
or ‘inalienable rights.’ Those rights which 
management retains are .simply those 
which It has exercised in the past and 
which the union and the employees may 
reasonably exjiect will continue to be 
c.xerciscd in the absence of specific limi¬ 
tation. Moreover, there is no suggestion 
that on those matters on which the 
agreement is silent, management is free 
to proceed as it chooses. Management 
has, in essence, bound itself by its past 
action.s, and, if a freer hand is desired, 
it is incumbent upon management to 
initiate and carry through into the writ¬ 
ten agreement the provi.sions which will 
permit it to follow the desired mode of 
procedure. 

“Viewed in the light of the preceding 
discus.sion, so-called ‘management rights’ 
clauses in the agreement are easy to ap- 
jiraise. If they merely re-aflirm modes 
of procedure which management has 
clearly followed in the past, they are 
unnecessary and superfluous. (In this 
connection, management may want to 
con.sider the possible emotional reactions 
to an insistence uj)on a reaffirmation of 

* Quoted by permis.sioQ from Douglass 
V. Brown, “Management Rights and the 
Collective Agreement,” Proceedings of the 
First Annual Meeting, Industrial Relations 
Research Association, 1948, 154-155. 
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management rights, and the price that 
may be exacted to assuage emotions.) 
If management rights clauses clarify or 
make explicit what have been vague and 
uncertain modes of procedure, or if they 
set forth new modes of procedure, they 
are significant. It may be added that, as 
a practical matter, causes which clarify 
existing modes of procedure or substi¬ 
tute new ones are more likely to find 
their appropriate place further along in 
the written agreement where substantive 
matters are discussed, rather than near 
the beginning whither it has become cus¬ 
tomary to relegate the more general 
‘rights’ clauses. 

“Before we leave the question of man¬ 
agement rights under the agreement, one 
further point must be made. We have 
said that management has retained cer¬ 
tain rights even though they are not 
specifically set forth in writing—those 
rights which it exercised prior to the 
agreement. But, by the same token, man¬ 
agement cannot rely upon its exercise of 
previous modes of procedure if new 
modes of procedure are included in the 
written agreement. The written agree¬ 
ment supersedes past practice. If man¬ 
agement has concluded an agreement, 
and if therein it has agreed to alter cer¬ 
tain previous modes of procedure, it 
cannot then take refuge in past pro¬ 
cedures or ‘business necessities.’ In the 
usual case, moreover, the clauses of 
the agreement are not unrelated, and the 
relations are important. Accordingly, 
management—or the union—is wise to 
scrutinize carefully the totality of the 
agreement. A provision which, taken by 
itself, may seem innocuous may, when 
taken in relation to other clauses, assume 
a stature that hinders the effective func¬ 
tioning of one party or the other.’’ 


2.5 EMPLOYEE REPRESENTATION 
PLANS 

So far, we have made no mention 
of employee repre.sentation plans, 
although they have jilaycd an important 
part in the development of current prac¬ 
tice. In such plans, employees become 


members of a plant-wide or company- 
wide organization. Their officers in the 
association are fellow employees, and 
their association maintains no relation¬ 
ships with outside or independent or¬ 
ganizations of employees. Hence em¬ 
ployee representation plans are often 
said to involve “company unions” or 
“dependent unionism.” 

Although several thousand such plans 
were in operation in this country in the 
years immediately following enactment 
of the National Industrial Recovery Act 
(1933), they disappeared rapidly after 
1935. When interpretation of the Na¬ 
tional Labor Relations Act of 1935 held 
that if employers aided or assisted such 
associations they might be guilty of an 
unfair labor practice, employer support 
was withdrawn. Without that support, 
most of these organizations disapjieared. 

2.6 CODETERMINATION 

In the years immediately following 

World War II, employers and 
unions in the United States were active 
in seeking to re-establish the jiroductive 
capacity of Europe. Unions in this coun¬ 
try played an imjiortant ])art in re¬ 
habilitating the independent or free 
unions of Germany, Italy, and France. 
In the course of this reconstruction, wide 
attention was attracted to German legis¬ 
lation providing for what has been trans¬ 
lated a.'5 “codetermination.” The ar¬ 
rangement provides for the appointment 
of union representatives to the boards 
of directors of firms in a manner that 
insures the unions of majority control. 
Organizations of American employers 
protested the legislation. The arrange¬ 
ment was by no mean.s an innovation 
in Germany, however, having been in 
practice in a limited number of firms be¬ 
fore the war. 

2.7 UNION-MANAGEMENT 

COOPERATION 

As a further extension of collective 

bargaining, a number of firms and 
unions in the United States have de- 
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veloped plans for what is usually 
described as union-management cooper¬ 
ation. The idea is by no means recent— 
such plans date back to the years 
immediately following World War I. 
In general, such arrangements seek to 
advance the mutual interests of em¬ 
ployers and employees through close 
cooperation in efforts to improve effi¬ 
ciency and reduce waste. To that end, 
special cooperative committees are es¬ 
tablished to plan and develop cooperative 
programs. These programs extend con¬ 
siderably beyond the usual areas of 
collective bargaining. 

Ernest Dale has studied the operations 
of several hundred of these programs 
and has reported on their objectives and 
effectiveness * lie reports that the first 
objective of such plans is generally 
economic, since they seek “to raise the 
company’s revenue-paying capacity” and 


* Ernest Dale, “When Labor Cooperates 
with Management,” Advanced Manage¬ 
ment, Vol. 14, No. 3, September 1949, 101- 
106. 
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thus to provide more for all. A second 
objective is to provide for more effective 
two-way communication between em¬ 
ployer and employees. “For management 
it is a way of pointing to production 
needs and acquainting labor of its po¬ 
sition. . . . For labor it is an instrument 
for communication upward.” A third ob¬ 
jective is, in Dale’s opinion, social. Man¬ 
agements, he says, see cooperation as a 
means of improving industrial relations. 
Labor, he says, sees cooperation as a 
means of providing an opportunity for 
“non-economic aspirations.” 

Cooperative plans may be either de¬ 
partmental or plant-wide. Dale found 
departmental cooperation in 145 of the 
228 reporting concerns. Most areas of 
cooperation are those in which conflict¬ 
ing interests are at a minimum and 
mutual interests at a maximum. They 
are also areas in which both manage¬ 
ment and labor are experienced. Such 
controversial subjects as wages and hours 
are generally avoided. Dale has provided 
a summary of the most common subjects 
of cooperation, as shown in Table 4.5. 


TABLE 4.5 SUBJECTS OF UNION-MANAGEMENT COOPERATIVE PROGRAMS* 

N umber of timcft mentioned 



DeparlmeiUal 

Plnnlwide 



cooperation 

cooperation 

Total 

Accident prevention. 

. 87 

76 

163 

Elimination of waste and defective woik. .. 

. 106 

41 

147 

Furthering labor understanding of policies.. . 

97 

48 

145 

Regular attendance. 

. . . 84 

31 

115 

Employee insurance plans . 

. . 68 

42 

110 

Quality control. 

. . 84 

21 

105 

Job evaluation. 

52 

50 

102 

Physical working conditions. 

65 

36 

101 

Lateness. 

SO 

20 

100 

Maintenance of tools, fixtures, etc. 

. . 74 

24 

98 

Einploj'ee health. 

71 

26 

97 

Methods improvement. . 

67 

29 

96 

Discipline control. 

... 65 

23 

88 

Training, apprenticeship, lo< 1 indin-tion progn 

ms. 55 

.30 

85 

Labor turnover. 

. 50 

19 

69 

Setting output standards. 

. 42 

26 

68 

Incentive systems. 

.... 42 

25 

67 

Production planning. 

. 45 

14 

59 

Promotional programs. 

. 39 

14 

53 

Utilization of machinery. 

43 

8 

51 

Employment stabilization. . 

.... 37 

12 

49 

Technological changes. 

.... 37 

11 

48 


* Reproduced by peruiissioD froin Dale. "WUan Labor Cooperates With Manaesnient,” 103. 
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CJooperative programs appear to be 
increasing rapidly. Once established, 
plans are likely to be retained (20 per 
cent of the plans studied by Dale had 
lasted from five to ten years). Firms 
report that the plans have resulted in 
improved relationships with employees 
as well as increased productivity. In 
general, plans started during periods of 
prosperity appear to be more successful 
than those undertaken in time of dis¬ 
tress.* 


3. RELATIONSHIPS WITH INDI¬ 
VIDUAL EMPLOYEES 

Although the scope of collective 
bargaining has widened since en¬ 
actment of the National Labor Relations 
Act, bilateral action is by no means as 
broad as the area of employment rela¬ 
tionships. On many points, employers 
still deal with individual employees as 
individuals. The.se areas include what 
are widely regarded as the “personnel” 
phases of employment relation.s, as dis¬ 
tinguished from the “labor relations” or 
collective-bargaining a.spects described 
in the preceding section. 

The distinctive characteristic of these 
“personnel” phases of manpower man:- 
agement is that employers deal with 
employees as individuals—the relation¬ 
ship is personal. In many business or¬ 
ganizations, this distinction is regarded 
as sufficiently important to justify a 
special division in the “employee rela¬ 
tions” or “industrial relations” depart¬ 
ment. Such a division may be headed 
by a personnel manager whose position 
is parallel to that of the labor relations 
director. 

So distinguished, the principal “per¬ 
sonnel” functions may be described 
briefly as follows. They include the 
several functions involved in staffing— 
that is, providing manpower in the 
proper quantities and with the necessary 

*For additional information, see also 
Robert Dubip, “Union Management Co¬ 
operation and Productivity,” Industrial 
and Labor Relations Review, Vol. 2, No. 2, 
January 1949, 195-209. 


vn 

qualifications for ail positions in the or¬ 
ganization. These staffing functions in¬ 
clude job analysis, by wffich individual 
job requirements in terms of manpower 
are defined. They include the prepara¬ 
tion of staffing schedules or manning 
tables in which these requirements are 
outlined and summarized. They include 
the recruitment and selection of man¬ 
power according to the specifications 
outlined in staffing schedules. They in¬ 
clude placement and induction of new 
employees and the training of both pres¬ 
ent employees and recent recruits. Su¬ 
pervisory training must be provided for 
those who are promoted into positions 
in which they have supervisory respon¬ 
sibilities. Personnel rating may also be 
provided and included in these responsi¬ 
bilities. In summary, then, the principal 
“personnel” functions are: 

1. Staffing, which includes. 

Job analysis 

Preparation of staffing schedules 

Recruitment 

Selection 

2. Placement and induction 

3. Training 

4. Personnel rating 


3.1 STAFFING 

No uniform or standard category 

of “employee” is feasible. Since 
requirements vary from job to job, the 
manpower appropriate for one position 
might be useless in another. Some jobs 
require skilled manpower; others require 
a minimum of skill. Some positions in¬ 
volve the constant application of spe¬ 
cialized training; others make no such 
demands. Some jobs may be filled simply 
by upgrading employees from prepara¬ 
tory or training positions. Other jobs 
may require skills pos.sessed only by 
persons who have served extensive ap¬ 
prenticeships. 

There is no such thing, then, as a 
.standard “man” or a standard unit of 
manpower. Rather, manpower require¬ 
ments must be slated in terms of the 
particular requirements of the positions 
that are to be filled. As a beginning, 
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therefore, the specific manpower require¬ 
ments of each job must be determined. 
A summary of these requirements will 
provide a staffing schedule for the or¬ 
ganization as a whole. Although the re¬ 
sponsibility for appropriate staffing is 
clearly that of the line organization, the 
function of determining job requirements 
and building and maintaining a staffing 
schedule is so specialized that it is often 
delegated to the personnel or industrial 
relations department. 

3.1.1 Job analysis. The usual proce¬ 
dure employed in discovering the per¬ 
sonnel requirements of jobs is job 
analysis. Job analysis involves a careful 
study of each job to find out just what 
the job includes, what the job-holder 
does, how he docs it, under what con¬ 
ditions the job is performed, and what 
special qualifications the job-holder must 
have. 

The term “job analysis” is frequently 
.confused with several other similar, and 
in some cases related, terms. Among the 
most commonly confused terms are: 

Job description: the name given to the 
written and specially organized sum¬ 
mary of significant findings from job 
analysis. 

Job specification: the outline of personal 
qualifications regarded as essential for 
each job—a product of job analysis. 

Job evaluation: the process of identify¬ 
ing and measuring the factors in each 
job for which compensation is paid, 
and hence a device u.sed to determine 
rates of payment. 

Job classification: a procedure involving 
the grouping of jobs, sometimes ac¬ 
cording to the nature of the functions 
performed—as accounting or drafting 
or engineering—sometimes according 
to rates of compensation, and some¬ 
times on other bases. 

Carroll L. Shartle has provided an ex¬ 
cellent summary of the es.-eutial nature 
of job analysis in the following selection 
from his book. Occupational Informa¬ 
tion-.* 

“Job analysis is an intensive, direct 
method of obtaining the pertinent facts 

♦Second ed. (New York: Prentice-Hall, 
Inc., 1952), pp. 29-31. 
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about jobs. It includes the observation of 
the job and the reporting of facts which 
are observed and which are obtained in 
conversation with workers, supervisors, 
and others who have information of 
value. Job analysis is a basic method 
which is widely accepted throughout 
industry. It is also used extensively by 
both military and civilan government. 

“One must be careful to differentiate 
job analysis from worker analysis. This 
is not always easy to do. In worker 
analysis one studies the workers who 
are performing jobs to discover the char¬ 
acteristics the workers themselves pos- 
.«!ess. This may be by an interviewing, 
testing, or examining technique. In job 
analysis one will observe workers but 
one is primarily seeking information 
about the job rather than about the 
workers who are presently employed 
in it. It is true that studies of workers 
yield information which is helpful in 
understanding jobs, but job analysis as 
used in this volume is a method w’hich 
involves observing the duties of jobs, 
obtaining facts about the qualifications 
required, and other data about the job 
itself rather than about any individual 
worker who happens to be employed in 
the job at the time the analysis is made. 

“The original establishment of a job 
analysis program or the revision of such 
a program to meet the needs of per¬ 
sonnel problems requires the establish¬ 
ment of a jilan which will meet all the 
needs of the mdiistrial or business 
firm, educational institution, government 
agency, or other organization that de¬ 
sires to prepare such analyses. 

“In far too many instances where a 
job analysis program has been put into 
operation, it has been discovered six 
months or a year later that the scope 
of the analyses was incomplete for cer¬ 
tain uses. The analyses are then made 
over again to secure information that 
could have been obtained easily in the 
first instance if a careful plan had been 
drawn up. In one situation a plant 
initiated a job analysis program which 
did not cover any items pertaining to 
the physical requirements for the jobs. 
The plant had to go over its jobs again 
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to discover these facts in order to aid 
in the employment of disabled persons. 

“The contents and scope of a job 
analysis program depend upon the uses 
which are to be made of the occupational 
information obtained from such analyses. 
Thus the first step in organizing such a 
program is to discover the various uses 
that are to be made of the information. 
This survey should be exhaustive, but 
it can be done quickly. 

“Such a survey means that the indi¬ 
vidual in charge of planning the program 
should visit personally the various units 
in the establishment and discover the 

и. ses each department is to make of such 
information. For instance, the job analy¬ 
sis program may be under the direction 
of the wage analysis division in the 
establishment. It would be most un¬ 
fortunate if a program were put into 
effect which only obtained the required 
information for this division, when, with 
a little extra work, the needs of all 
divisions could be met. Thus additional 
surveys and analyses of jobs by the 
training division, the employment di¬ 
vision, the safety division, and other 
units would not be necessary. 

“During the survey each probable user 
of occupational information should be 
contacted and the specific kind of infor¬ 
mation needed should be recorded. Thus, 
for example, the training division might 
list the following needs for up-to-date 
occupational information. 

“A detailed description oj the work 
perjormed showing the specific knowl¬ 
edges required. Also the relation of each 
job to other jobs, in order that the 
amount of extra traxning required for 
transfer to related jobs can be esti¬ 
mated.’' 

3.1.1.1 Job, position, and occupation. 

In order to recognize the interrelation¬ 
ships among “jobs,” “positions,” and 
“occupations” in job analysis, we must 
first define the terms. A job is a com¬ 
bination of tasks, duties, and respoasi- 
bilities generally regarded as the usual 
assignment of an individual emiiloyee. 
A po.sition—as distinguished from a job 
—is a job performed by a specific em¬ 
ployee. The position is both the job and 


the particular employee performing it 
at any given time. Hence a job may 
involve many positions. The job is im¬ 
personal; the position is personal. 

An occujiation is a generalized job; 
the term refers to a whole group or 
class of similar jobs common to several 
employers, industries, or areas. Thus 
the occupation of tool and die maker is 
widely recognized, as is that of printing 
pressman or machinist or stone-cutter. 
These are all skilled occupations. An 
example in the semi-skilled area is the 
machine ojierative. Common labor repre¬ 
sents an occupation in the unskilled area. 

3.1.1.2 Gathering job information. 
The three principal methods of securing 
job information are; 

1. CiiTulalion of questionnaires to all 
job-holflers The.se questionnaires ask the 
job-holder to supjily the several types 
of information sought in job ’analysis. 
They may, in addition, ask the immedi¬ 
ate sujiervisor to examine and comment 
on the replies jirovided by the job¬ 
holder. 

2. Interviews, used in place of ques¬ 
tionnaires. This procedure, more com¬ 
mon when the majority of job-holders 
have little experience in writing, merely 
substitutes the writing ability of staff 
members plus their ability to gain 
through conversation information that 
would not have ajipcared on a question¬ 
naire. 

3. Observation and job auditing by 
trained job analjsts. This procedure 
has much to commend it. Specialized 
analysts combine interviewing and on- 
thc-job observation to provide a more 
accurate and comjirehensive (and at the 
same time discriminating) rejiort than 
is usually secured by the u.«e of ques¬ 
tionnaires or un.‘J])ecialized interviewers. 

3.1.1.3 Questionnaire forms. No 
single questionnaire is appropriate for 
all types of jobs; However, most of them 
follow an outline that first identifie.« 
the job, then seeks information on the 
pniicijial tasks involved, and then asks 
que.stions dcMgned to discover the men¬ 
tal skill and physical requirements of 
a satisfactory job-holder. Also, one sec¬ 
tion usually requests information on any 
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FIG. 4.9 QUESTIONNAIRE FOB INDIVIDUAL JOB DESCRIPTION 

Title of Position . 

Department.Section . 

Division . . Date . 

Please read all of the questions before making any entries; then answer each one 
as briefly as possible, consistent with complete information. Return this description 
within one week to the Job Analyst, Personnel Department. 

Description of Duties 

1. What is the general purpose of your work? 

2. What duties do you personally perform in the usual course of work? (Tell 
from where you receive your work, what you do with it and where you send it. In 
answering this question discuss your daily routine.) 

3. What duties do you perform only at stated periods, such as weekly, monthly, 
etc.? 

4. What occasional duties do you perform at irregular intervals? 

5. How many employees do yoii supervise? (List job names and number of people 
in each job.) 

6. To whom are you directly responsible? 

7. What, if any, instructions do you receive as to how this work is to be done 
and from whom are they received? 

Performance of Duties 

A. Mental Requirements 

8. What is the lowest grade of grammar school, high school or college education 
that should be required of a person starting in your position? 

9. If any special courses are needed m order to perform your duties satisfactorily, 
name them. 

B. Skill 

10. What past experience is it necessary for a new employee to have in order to 
learn to perform the duties of your position? Name the kind of experience, where 
and how it could be obtained and the time required to secure it. 

11. Having the above education and experience, what would a new employee have 
yet to learn and how long would it take the employee to obtain sufficient practice 
in doing the new work to reach the point at which he would be barely satisfactory? 

12. In what lower positions could an employee receive training for your position? 

13. For what higher positions in the company does your present work train you? 

14. What, in your opinion, is the most difficult part of your work and why is it 
difficult? 

C. Physical Effort 

15. Roughly, what proportions of your time are spent in; Standing .. %, Sit¬ 

ting %, Moving about %, Other %? 

16. What machines or other equipment do you personally operate; regularly or 
only occasionally? 

17. Roughly, what proportion of your time is spent in operating each machine you 
use? State also what deg:ce of speed is required on each machine. 

18. What, if any, are the physical requirements for the proper performance of youi 
duties? (Strength, height, dexterity, etc.) 

19. Please list any other requirements not covered above and any personal qualifi¬ 
cations and characteristics which you believe a candidate for your position should have. 

Responsibility 

20. What is your responsibility for money, securities or other valuables? 

21. What is the nature and extent of your responsibility for the employees under 
your supervision? 
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22. Give the nature and extent of any responsibility you may have other than for 
men or money? 

23. What personal dealings with customers do you have in performing the duties 
of your position? State the nature of your business with the cu.stomers. 

24. Roughly, what proportion of your time is spent in dealing with customers? 

Working Conditions 

25. What are your usual working hours? 

28. What are the disagreeable features of your work? 

Use this space and additional sheets of paper, if necessary, for any special features of 
your work not covered above, and for answers to questions for which more space is 
needed. 

Your name . 

Years in this position . 

FIG. 4.10 JOB SPECIFICATION FOR JOB ANALYST* 

Tiils^Job Analyst 

Aitarnat* Titlet— Labor Analyst, Job Analy8i.s Manager, Head of Job Study 
Promotion to— Personnel Research Director, Employment Manager 
Promotion from— Personnel Clerk, Job Rater 

Dotiei—The Job Analyst secures job information on all factory and office jobs for the 
employment office so that the must efficient placement may be obtained. He develops 
questionnaires and job description forms; audits individual jobs; writes job descrip¬ 
tions and job specifications; may rate and grade positions in the shop and office; may 
correlate wages and salaries in the firm with comparable wages and salaries of other 
companies as a guide to management; works on and adjusts job evaluations as a 
basis for raises, promotions, and rate complaints; may use techniques of time and 
motion study m job analysis; may supervise job breakdowns; checks and approves 
proposed and existing classifications on an individual case basis; analyzes shift schedules; 
prepares records and charts required to furnish management with details of the duties 
of each position and the interrelationships among position.^. 

R*tpon$ibility for Policy— Makes policy recommendations with respect to job analysis and 
evaluation to the Employment Manager. 

Initiative Required— Some initiative is needed in developing and administering improved 
job analysis methods. 

Responsibility for Work of Others- Assigns and supervises work of personnel clerks, job 
raters, and stenographers. 

Training— Much of the training for this position must be obtained on the job. 

Working Hours— Same as office employees. 

Qualifications for Employment— 

Sex: Either. 

Education: A college degree with a major in industrial relations or industrial en¬ 
gineering is desirable. Important college courses are advanced statistics, personnel 
psychology, office management, labor legislation, occupational analysis, classification, 
and compensation. 

Experience: Previous training in industrial job analysis, evaluation, and wage and 
salary correlation is recommended. 

Personal Qualities: Ability to observe details meticulously, ability to approach prob¬ 
lems objectively, ability to differentiate important from unimportant details. 
Mental Ability: Equivalent to a college graduate. 

Special Knowledge: Familiarity with specialized tools, machinery, and terminology 
of occupations within the industry. 

* From Kriedt and Bontoon, “Jobs in Induatrinl Ralationi,'' 27. 
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unusual working conditions. Figure 4.9 
provides an illustration of one such form. 

3.1.1.4 Qualifications of job analyst. 
Figure 4.10 is a generalized job specifi¬ 
cation for the job analyst—the special¬ 
ized technician who analyzes jobs and 
prepares job descriptions. 

3.1.1.5 Job descriptions and specifi¬ 
cations. In the usual procedure, job 
analysis provides information that is 
first recorded in the job summary —often 
the notes prepared bj’ the job analyst— 
and is then written up in more formal 
style to provide a job de.scription. From 
the job description, a variety of special¬ 
ized reports may be ]>repared. For 
example, an examination of job descrip¬ 
tions may di.sclose the nature of train¬ 
ing needs. Or the recorded facts may 
provide information for job evaluation 
or for setting grievances. 

For staffing purposes, a job specifica¬ 
tion is extracted from the information 
provided in the job description. The 
“job spec’’ summarizes the ]iersonal re¬ 
quirement for the job and siiecifies the 
manpower requirements. It indicates the 
sex, age, education, skill, e.xperience, and 
other personal characteristie.s required. 

3.1.2 Staffing schedule. The staffing 
schedule, or manning table, or personnel 
inventory, combines the information jiro- 
vided by the job descrijition with the 
number of job-holders required for each 
job. Thus it creates an over-all summary 
of manpower requirements for the or¬ 
ganization. Such tables are by no means 
universally available. Indeed, during 
World War II, when such manning tables 
were widely used by Selective Service 
in acting on requests for deferments, 
many firms found themselves without 
tangible evidence of their needs. Figures 
4.11 and 4.12 are illustrations of such 
tables. 

3.1.3 Staffing pro'.edure. Except in 
the case of new plants which require 
recruitment of an entire labor force, 
usual procedure involves the filling of 
v'acancies and the provision of such ad¬ 
ditional personnel as may be required 
for expanded operations. Those who are 
responsible for recruitment ordinarily 
receive requisitions for whatever addi¬ 
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tional manpower is required. These 
requisitions indicate the job title, job 
number, and how many persons are to 
be recruited. Reference to job descrip¬ 
tions or specifications indicates what 
personal qualifications must be met by 
the new job-holders. The recruiters may 
then effect transfers and promotions 
from within, or they may seek to find 
the desired manpower from other 
sources. 


3.2 RECRUITMENT 

Principal sources from which 
employees are drawn to fill requi¬ 
sitions include: 

1. Inside sources, i.e., present em- 
jiloyees who are ready for promotion, 
who have requested transfer, or who are 
about to be laid off because of reduced 
oiierations in another department. 

2. Friends and acquaintances of pres¬ 
ent employees who can be reached by 
announcing vacancies to present mem¬ 
bers of the work force. 

3. Applicants “at the gate”—the per¬ 
sons who come to the eniijloyment office 
seeking work. 

4. The waiting list—the file of appli¬ 
cations taken in preceding months and 
maintained on an active basis. 

5. Public employment offices main¬ 
tained by city or state. 

6. Private employment services main¬ 
tained as commercial ventures. 

7. Unions, especially the unions 
represented among present employees, 
and more particularly those active in 
the management of hiring halls. 

8. Schools and colleges, the usual 
sources of new employees for positions 
requiring special training. 

3.2.1 Techniques and devices. Among 
the most commonly used recruitment 
techniques are the following: 

1. Labor scouts. These are traveling 
representatives of the employer who 
visit promising sources and encourage 
potential employees to make application. 
For example, they may visit schools 
and colleges; they may journey to other 
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V- Entry Jobs 

Reprinted by permission from the Minnesota Division of 

FIG. 4.11 PER.SOXNEL INVENTORY OR MANNING Employment and Security. 
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Reprinted by pemiutsion from the Minnesota State 

FIG. 4.12 MANNING TABLE INFORMATION FOR Division of Emplojiiicnt and Security. 
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industrial areas; they may even seek 
new employees in foreign nations. 

2. Advertising. Various types of ad¬ 
vertising may be useful in recruiting. 
Perhaps the most common is the classi¬ 
fied advertisement in metropolitan 
newspapers. In some cases, larger ad¬ 
vertisements are used, however, and ads 
may be placed in trade journals. 

3. Posters. Announcements of job op¬ 
portunities may be placed in bu.siness 
houses throughout appropriate com¬ 
munities. In some cases, billboard ad¬ 
vertising has been used effectively, 
especially in staffing new plants. 


3,3 SELECTION PROCESS 

Recruitment is a positive process; 

it acts to secure appropriate ap¬ 
plications. In contrast, selection is nega¬ 
tive; it seeks to eliminate the least 
promising candidates and to discover 
those that appear most likely to succeed. 
The selection process may be simple; 
it may consist merely of referring ap¬ 
plicants to the supervisor with whom 
they are to work. On the other hand, 
the selection process for important po¬ 
sitions may be quite complicated and 
extensive, involving several steps or 
stages. It may begin, for example, with 
the acceptance of an application blank. 
That step may be followed by a series 
of interviews, tests, and perhaps a formal 
tryout or probation period. 

Figure 4.13 reproduces Uhrbrock’s 
flow chart of selection procedure. This 
is by no means indicative of the steps 
to be taken in all selection. Rather, it 
notes various possibilities and suggests 
the care that is necessary if selection is 
to be highly effective in eliminating un¬ 
likely prospects and discovering the most 
promising. 

3.3.1 Selection ratio. In order to com¬ 
pare the number of applicants considered 
and the number employed, a ratio is 
calculated in which the denominator is 
the total number of applications and the 
numerator is the number of applicants 
who are accepted for employment. This 
ratio may be examined from time to 


time to check on the quality of appli¬ 
cants and the volume of work being 
performed by those responsible for 
selection. 

3.3.2 Application forms. A carefully 
devised application form is in itself an 
effective selective device. For this reason, 
application forms are specially designed 
for each principal class of job to be 
filled. For positions requiring special 
skills, detailed questions on appropriate 
experience and training are asked. If a 
single application form is used for all 
applicants, it can at best provide only 
“face-sheet” information, identifying the 
individual and providing a few general 
facts about his background and experi¬ 
ence. 

3.3.2.1 Weighted or predictive appli¬ 
cation blanks. If large numbers of 
persons are to be employed for similar 
or identical positions, weighted aiiplica- 
tion blanks may be prepared. These 
include many definitive items that have 
a demonstrated relationship to success 
on the job. Since special predictive forms 
require extensive research, they are ex¬ 
pensive to prepare. Such expense is justi¬ 
fied, however, if large numbers are to 
be selected, for the application form may 
greatly reduce the number of additional 
selective devices required.* 

3.3.3 Preliminary employment inter¬ 
view. The preliminary employment in¬ 
terview seeks to discover answers to 
the most important and definitive ques¬ 
tions about the job or jobs to be filled. 
It is distinctly directive. The process 
has been outlined as follows: 

“The preliminary interview is distinc¬ 
tive, as compared with other interviews 
.used in the selection proce.ss, in that 
it is shallow and is closely directed by 
the interviewer. It does not ordinarily 

* For an example of such a form and a 
discus.sion of the procedure employed in 
preparing it, see Albert K. Kurtz, ‘‘The 
Weighted Application Blank,” Manage¬ 
ment Record, Vol. 10, No. 1, January 1948, 
2-4; Josephine Welch and C. Harold Stone, 
“How To Develop a Weighted Application 
Blank,” Technical Report No. IJ, Univer¬ 
sity of Minnesota Industrial Relations 
Center, 1951. 
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Reproduced by pennission from R. S Uliifuock, "Mental 
Alertness Tests as Aids in Selee'ing Employees, Rer- 
sonnel, Vol. 12, May. 1036, 231. 


FIG. 4.13 FLOW-CHART OF SELECTION PROCEDURE. 


probe deeply into the applicant’s spe¬ 
cial qualifications, interests, and experi¬ 
ence. On the contrary, the interviewer 
seeks to move rapidly from one indicator 
to the next, checking them off until one 
of them eliminates the candidate or he 


is cleared for further inve.stigation. The 
interview may begin with a question 
as to the applicant’s place of residence. 
If that hurdle is passed, age may be 
the next. Educational accomplishments 
may be the basis for a third question 
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1.3.4] 

and experience a fourth. ‘Are you mar¬ 
ried?’ may give the answer to a fifth 
indicator. Thus, the preliminary inter¬ 
view is generally brief and distinctly 
‘directive’ in the sense that it is con¬ 
trolled to cover major questions that 
concern the interviewer. 

"Throughout the whole selection pro¬ 
cedure, careful records are preserved to 
provide a basis for checking and improv¬ 
ing the selection program. Such records 
are essential to analysis and perfection 
of the procedure. 

"In addition, of course, these records 
may be highly important in indicating 
the volume and nature of work per¬ 
formed in selection, and in demonstrat¬ 
ing compliance with legal regulations 
affecting employment. The work of 
interviewers should be summarized and 
included in the regular reports of the 
personnel or industrial relations depart¬ 
ment. For that purpose, notations and 
records of each interview should be 
maintained.’’ * 

3.3.4 References. A request for refer¬ 
ences is commonly included in the 
application form. Available evidence in¬ 
dicates, however, that no actual use of 
these references is made in most current 
practice. And much of the use that is 
made is ineffective because the confiden¬ 
tial nature of such inquiries is not 
assured. If any dependence is to be 
placed on statements secured from refer¬ 
ences, special care must be used in 
soliciting information and a.ssuring its 
secrecy. 

3.3.5 Determinative interviews. In 

much current practice, principal de¬ 
pendence is placed on determinative 
interviews. These conferences are re¬ 
served for applicants who have passed 
through the preliminary stages of selec¬ 
tion procedure and are believed to have 
sufficient promise to justify further con¬ 
sideration. 

Unplanned, casual interviews at this 
stage involve many hazards and are 
likely to be misleading and unreliable. 
They give only a general impression, 

* Quoted from Yoder, Personnel Princi¬ 
ples and Policies, pp. 148-149. 


which may be conditioned by a “halo’’ 
effect induced by the prejudice of the 
interviewer or by a single trait of the 
interviewee. For this reason, recent 
practice has turned to much more 
carefully planned or "patterned” inter¬ 
views, carefully designed and conducted 
to bring out a variety of characteristics. 
Outlines or guides are available to assist 
in these patterned employment inter¬ 
views. Figure 4.14 is an excerpt from 
a patterned interview form.* Hoveland 
and Wonderlic’s Diagnostic Interviewer's 
Guide, another of these devices, is illus¬ 
trated in Fig. 4.15. Other aids are 
available in the form of special inter¬ 
viewers’ rating scales. 

3.3.6 Employment testing. Use of tests 
in selection is now well established in 
practice. Standardized tests available for 
this purpose have increased in number, 
and experience has demonstrated that 
they can be helpful in supplementing 
interviews and other devices used m 
selection. Properly administered and in¬ 
terpreted, they are time-savers and help 
improve the accuracy of predicting suc¬ 
cess on the job. 

3.3.6.1 Types of tests. Tests used in 
selection are of seven principal types, as 
follows: 

1. Performance tests, which indicate 
what the individual can do on specific 
tasks. These are tests of achievement 
and proficiency, such as typing or short¬ 
hand tests, or tests that appraise the 
applicant’s skill in operating an adding 
or calculating machine. 

2. Trade tests, which are used to dis¬ 
cover and measure the applicant’s trade 
knowledge and skill. These are closely 
related to performance tests, and some 
of them actually involve the perform¬ 
ance of simple operations requiring spe¬ 
cialized skill. 

3. Intelligence tests, which appraise 
intelligence or mental alertness. Such 


* For additional information on such in¬ 
terviews, see Carl Iver Hoveland and E. F. 
Wonderlic, “Prediction of Industrial Suc¬ 
cess from a Standardized Interview,” Jour¬ 
nal of Applied Psychology, Vol. 23, No. 5 
October 1939, 537-546. 
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FIG. 4.14 EXCEBPTP FROM THE MCMURRY PAT¬ 
TERNED INTERVIEW FORM. 

tests are designed to measure memory, ure potential abilities and capacities—for 

ability to reason, to think, to compre- example, mechanical or musical apti- 

hend, and in some cases to measure tudes. 

“social intelligence," the ability to get 5, Interest tests, which are designed 
along and cooperate with others. to discover patterns of interest and thus 

4, Aptitude tests, which seek to meas- to suggest what types of work assign- 
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DIAGNOSTIC INTERVIEWER'S GUIDE 


MAM*-date_ 

ADDRESS_ INTERVIEWER_ 

Th« Tiiterrtewer should boffIn each intcrvltw arith this statsmont to himself, **This applicant will impress mo accordiac to 
my past osponenco with persons who remind me of him. Conscquonllf I must be on my duard acsinst such proiudicos srnieh 
My naturally arise on account of this. I roust keep a record of the fact and Judge the applicant on the basis of tiic facts only. 
Th« ftpplictni It • hitnk to mt now.** {Intorvitwcr thouM wntt out Inforouitlon roctivvo t* tntwvrt to tho quittiont In Uit 
«ptM left for that purpoM.) If oxtrt aptco la n««ded ua« icparate ahaats of paper Ail of this material thoald be InelaM 
w)th the blank lUen when returned to the peraonnci department. The questions which arc listed below for the Intarritsrer to 
ask the applicant are sugfestive Other queries pertinent to the appileant*a hietorjf will naturally Mggeat themselrea to the 
Interviewer a« he eontacta the applleanl. 

7/reie nraef spersaf mtirmeiiont on /wsf page before i m t erv i emmgt 

WORK HISTORY 

Intorviewer saya^ 

1 "*Give me the names of ) our paat empleyera Begin with the laat or preeent employer and go backward Tali me: 

<a| How you got the Job. 

<b) What you did, and. 

<ct Why you left. 


t How did your previooa tmployan treat pout 
go What experience of value did you get from each job? 


4. Did you do work of auch quality toat your employer would be gUd to recommend you T 

lb Were you ever cntictxod for the kM of work you did? Give me tome examples of mlatakea ar faltore^ 


6 Can you giva me any example of sueeeaa in your experience, particularly to handllag people? 


Y. What kind of work did you enjoy the most and taem to pr^puw tho boat tot» 

(a) Mechanical work? 

(b) Clerical and detail work? 

(c) Contact work? 
or (dl Do you knew? 


Yllicn the Interviewer hem accared mm mimh toformatlew aa It to peaaibk for him to get concemtog every pkaee ef the appII* 
caat'a verk hlstoiy. he sfcould ask hisuelf the follevlng qoeatiou: 

1. What kind of work history ^ms Um applicant have T 

(~) Poor — Fair | Good ^ Excellent |+) 

t. Has It been the type of work which has requirud meeting and bandltogdlffertottypes of people? (•f) Yet | No (-*>. 
g. Haa the applicant indicated ability to work conaistentlyT (d'lYes I Ko(^). 

4. Bae the appHouit lodicatod a eerious and aincere attiti^a towara the work he has bten doing? (+) Yea | Na (—>) 

6. Has the work been such as to ncecsaitaU the development of habits of parsistenee and aggresahrenesat 
(+)Yaa I No(-.). 

g. Baa the work history htolcatod a capacity for growth? <•!-) Yea I No <—). 

7. Does the srork hlstofy reveal habits or attitudes which would make It easy for the applleanl to adjust hlnaatf to 
tile poUeiee uad proeedufua ef this company(-flYes | Ne<—). 

g. Is tbb maa a good soldlar aa evidenced by good team-work? (4*) Yea | No (—1. 


fmbtnM kf E. f. W'^mdrrht. C/rmmr, Wmeis, T$r rcprsdiwfieu of any part of tkn tr$t gy sijmrefrapg. krftegroph, er m mp 
othmr way. uh0$b*r tbr rtproJutfiomi art totd or orr fmrmuM from for mr, ir a welathn of $hr ropyrigkt /aw. 

PH«M IS u a A 

Reproduce by perniisdion from E. P. Wonderlic, Glen¬ 
coe. lllmoiB. 

FIG. 4.15 EXCERPT FROM THE DIAGNOSTIC INTER¬ 
VIEWER'S GUIDE. 

ment may be appropriate and satisfying. 7. Tests of attitudes, which are de- 

6. Tests of emotional reactions and signed to get at the point of view and 

adjustment, which indicate the emotional “mind set" of the individual, to discover 
stability of the candidate and appraise how he feels about the values regarded 

his characteristic mood and over-all as important by those who operate the 

attitude toward his status and associa- selection program. Added attention is 
tions. given to such analysis in the later dis- 
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cussion of employee morale (Art. 5.2). 
Attitude studies are frequently used to 
appraise the morale of present employees 
as well as of applicants. 

3.3.6.2 Testing principles. Careless use 
of tests and the application of poorly 
designed tests have done much to dis¬ 
credit testing as a means of selection. 
In general, the following principles 
should be observed: 

1. Testing should supplement, not 
substitute for, other selection procedure. 
In even the most elaborate testing pro¬ 
grams, such as those developed during 
World War II for the Air Forces and 
the Office of Strategic Services, testing 
is only part of the total selection pro¬ 
cedure. 

2. The administration of most tests 
must be standardized. Where te.sts are 
given under a variety of conditions, 
great variation in test scores may 
occur. 

3. Tests must be le.-^ted Only a few 
of the simiiler performance tests give 
a direct indication of success on the job. 
Tests of typing speed and errors, for 
example, have a fairly clear meaning. 
But for more complicated tests, it can¬ 
not be assumed that a high test score 
means a satisfactory employee. On the 
contrary, for many jobs high scores on 
certain tests should probably be re¬ 
garded as definite warnings against em¬ 
ployment. The test to use is the test 
that works, which means that results 
must be analyzed and related to job 
performance to discover how well each 
test works. 

4. Testing, except in the simplest pro¬ 
grams, should be conducted by a person 
who has had training in test construc¬ 
tion, administration, and analysis. Al¬ 
though such training need not be lengthy 
and may provide ocly a general under¬ 
standing of testing theory and practice, 
it should ensure the care and under¬ 
standing that are essential to the proper 
use of tests. 

5. Since testing programs can be made 
more useful by additional research, all 
studies of testing programs should be 
reported in current professional journals. 
Those in charge of testing in industry 
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and government have an obligation to 
conduct such studies and to report their 
rbsults to others in the professional field. 

6. Distribution of testing materials 
must be carefully controlled. Misuse of 
tests by persons who are not familiar 
with their purposes and limitations may 
seriously affect the interests of those 
tested and may also create misunder¬ 
standing of the whole testing procedure. 
If tests fall into the hands of people 
who are later to be tested, the meaning 
and validity of the test results may be 
distorted. For these reasons, sample tests 
cannot be broadcast. 

7. Those who administer the testing 
program should interpret the results to 
all who are to make use of them. Test 
scores are not as simple to analyze as 
the grades on a grammar-school arith¬ 
metic problem. In some cases, the cor¬ 
relation between test scores and job 
performance is negative. So a high score 
may mean less probability of success. 
Scores may be percentiles; they may be 
“raw”; they may be based on “norms” 
calculated for high-school or college 
students or for other distinctive groups. 
Some of them can be described only in 
terms of patterns or profiles. Obviously, 
careful interpretation of scores to all 
who are to use them is essential. 

3.3.6.3 Limitations of testing. Robert 
N. McMurry has provided an excellent 
summary of the limitations of testing in 
selection. He points out that all tests 
must be validated before they can be 
used with confidence. In other words, it 
must be shown that they do what they 
are supposed to do. It cannot ba assumed 
that because a given test has worked 
satisfactorily in selection for one job it 
will be similarly satisfactory for another. 
Nor is it enough that the test has re¬ 
liability—that repeated administrations 
give essentially the same results. Nor 
can it be assumed that the test will 
work simply because it appears logically 
related to job performance. McMurry 
says: 

It is not generally recognized 
that even under the best of circum¬ 
stances there is a definite limit to the 
efficiency of a single test or a battery 
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of tests. Actually, the validity obtained 
in industry for a given test, or battery 
of tests, rarely reaches .70. This figure 
indicates the magnitude of the ‘coeffi¬ 
cient of correlation’ between perform¬ 
ance on the test and job success. It does 
not indicate the percentage of efficiency 
of prediction produced by the test or 
tests. (This coefficient is an arbitrary 
index, designed to indicate the closeness 
of the relationship between these two 
variables: performance on tlie tests and 
job success. A coefficient of 1.00 indicates 
complete correspondence; a coefficient of 
—1.00 indicates complete negative cor¬ 
respondence; and a coefficient of 0 indi¬ 
cates no agreement whatever.) The 
variations in the degree of correspond¬ 
ence can best be seen from the following 
table: 



Index of 

Coefficient of 

predictive 

correlation 

efficiency 

.10 

.6% 

.20 

2. 

.30 

5. 

.40 

8. 

.50 

13. 

.60 

20. 

.70 

29. 

.80 

40. 

.90 

56. 

1.00 

100. 


As may be seen, a small coefficient of 
correlation does not greatly increase the 
efficiency of prediction (a coefficient of 
.10 increases it by but one-half per cent; 
of .30, by but 5 per cent; and of .50, 
by but 13 per cent). A validity coeffi¬ 
cient of .68, taking any case at random 
from the distribution as a whole, will 
improve the efficiency of prediction by 
but 28 per cent. In short, tests at best 
merely reduce the error of prediction; 
they nev'*r eliminate it entirely. 

"Where there is a well-established cor¬ 
relation between a test and a criterion 
and the relation is ‘linear,’ good results 
can oe obtained, even though the corre¬ 
lation is relatively low, if the critical 
(passing) score is set sufficiently high. 
Thus, the efficiency of prediction can be 


increased very appreciably. The final 
contribution of any testing program is 
a function not only of the magnitude of 
the validity coefficient, but also (1) of 
the per cent of the total number of ap¬ 
plicants who must be selected and (2) 
the ratio of the individual effectivene^ 
of those selected to those rejected. The 
total dispersion of the distribution gives 
only a very poor index and does not 
take into account at all the greater effi¬ 
ciency arrived at when skimming the 
cream off the top of a distribution. 

‘‘On the other hand, this increase in 
predictive efficiency is often obtained 
at considerable cost from a practical 
employment point of view. This is be¬ 
cause if the critical score is set so high 
that most of those who pass are almost 
certain to be successful, it is inevitable 
that many others will be rejected among 
whom are some who would also be suc¬ 
cessful. If the labor supply is ample and 
the employer is willing to spend the 
time and effort to test enough men to 
get the required number of high-scoring 
applicants, such a procedure will be very 
rewarding. (It was especially well suited 
to the armed forces where many men are 
available and testing facilities were am¬ 
ple.) In industry, on the other hand, 
particularly in today’s labor market, it 
is not always economical to lose poten¬ 
tially de.sirable emploj'ees in order to 
increase the certainty of the success of 
those who meet high test standards. 

‘‘The employer is faced with these 
alternatives; either to set employment 
test standards relatively low, with a 
corresponding loss of predictive effi¬ 
ciency, that is, with an increase in the 
proportion of those hired who do poorly 
on the job, or to .set them high with a 
corresponding loss of qualified appli¬ 
cants. This means that those advocates of 
tests who claim to be able to increase 
the efficiency of prediction by as much 
as 85 per cent, do so at the risk of the 
loss of numerous potentially desirable 
candidates. In actual practice, the in¬ 
stances in which any battery of tests 
with any standards will improve the 
efficiency of prediction by 85 per cent 
are so rare that such claims can usually 



MANPOWER MANAGEMENT 


122 

be taken as an evidence of charlatanism 
on the part of their makers.”* 

3.3.6.4 Test construction. Building 
tests is a very complicated and spe¬ 
cialized function. Valid, reliable tests are 
not likely to result from haphazard test 
construction. Clifford E. Jurgensen gives 
this word of caution: 

“Anyone can develop a test. Al¬ 
though the basic principles of testing 
are age-old and are simple, it must not 
be thought that the development and 
administration of a test program is a 
routine matter which can be entrusted 
to any available clerk. An analogy can 
be drawn in the field of X-ray therapy. 
The procedures for handling X-ray ma¬ 
chines may appear simple to an onlooker, 
and actually are simple in the hands of 
an expert, but the machine can cause 
much damage, even death, when the 
'simple’ procedures are followed by an 
untrained person. Likewise, tests can 
cause much harm when handled incor¬ 
rectly. Cases are knowm where te.sts have 
actually resulted in rejecting the best 
applicants and hiring the worst! Use 
of incorrect procedures can also upset 
employees from the viewpoint of union- 
management relations, and can also ad¬ 
versely affect the attitudes and morale 
of individual employees. 

‘'Te.sts sometimes appear so simple 
that some persons believe test construc¬ 
tion requires nothing other than the 
ability to ‘think up’ 50 or 100 questions 
and then have them printed as a test. 
Although there are many fallacies in this 
type of procedure, only one will be given 
here. As mentioned previously, a test 
is a sample of behavior, and the as¬ 
sumption is made that the test is a 
representative sample of the whole. For 
purpose of illustration, let us suppo.se 
that two persons are to be tested for 
arithmetical ability, and that each of 
three persons has constructed a ‘home 
made' test of arithmetical .ability. Let 
us further suppose that the ability of the 


* Reproduced by permission from Robert 
N. McMurry, “How Efficient Are Your 
Hiring Methods?” Personnel Journal, Vol. 
26, No. 2, June 1947, 45-53. 
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two persons to be tested is equal. It 
can be possible that test constructor A 
will make a test which contains items 
all of which can be answered correctly 
by the first person and none of which can 
be answered by the second person; and 
constructor B will make a test on which 
the first person can answer none of 
the items and the second person can 
answer all of the items. Obviously, use 
of either test would result in one per¬ 
fect score and one zero score, but the 
position of the tw'o person.s being tested 
would be reversed! Such an extreme is 
not likely to occur in actual practice, 
but strong tendencies along this line 
frequently occur in tests which are con¬ 
structed by untrained persons. Many 
pitfalls such as the sampling error just 
discussed must be taken into considera¬ 
tion by test constructors. Only a per¬ 
son with sound basic training in test 
construction knows what they are and 
how to overcome them. Although an 
occasional excellent test may be con¬ 
structed by an untrained person, the 
odds are small for a good test but large 
for valueless or even dangerous re¬ 
sults.” * 


3.4 PLACEMENT AND INDUCTION 

The new employee must be showm 

to his job, introduced to his fellow- 
employees and supervisor, and assisted 
in making such personal adjustments 
as are necessary to his effective per¬ 
formance in the work team. Current 
practice provides a program of place¬ 
ment, induction, preliminary counseling, 
and orientation for new employees. If 
the numbers of new employees are large, 
the program may involve special orienta¬ 
tion sessions. It may include .a plant 
tour. The new employee-may be given 
a handbook that describes the employer, 
principal products, and rules, regula¬ 
tions, and privileges affecting employees. 
A present employee may be designated 

* Reprinted by permission from Clifford 
E. Jurgensen, “Common Misconception 
Toward 1‘ersonnel Test,” OAS, Vol. 24, No. 
8, August 1948, 31-34. 
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as sponsor for the new employee to help 
him become acquainted with working 
conditions. 


3.5 TRAINING 


[Both new and old employees may 
‘require training. From the very 
beginning of their employment, training 
may be necessary to prepare them for 
the special tasks and responsibilities 
assigned to them.')Training is a respon¬ 
sibility of the operating line. But the 
technical operation—the planning and 
direction of training—is generally dele¬ 
gated to staff personnel in the training 
division. Training is planned on the basis 
of information provided by job analysis. 
It may be carried on entirely on an in- 
plant basis, or it may involve coopera¬ 
tive arrangements with local high schools, 
technical and vocational schools, and 
colleges and universities. 

3.5.1 Types of training. A wide range 
of training programs has proved useful 
in various types of employment. A partial 
list includes job training, vestibule train¬ 
ing, craft training, professional training 
for staff positions, apprenticeship 
training, supervisory training, steward 
training, executive training, Americani¬ 
zation courses, induction and orientation 
training, safety training, .sales, service, 
and office training, citizenship training, 
and many others.* A basic outline for 
a training coordinators’ institute, pre¬ 
pared by the Northern Ohio Chapter of 
the American Society of Training Direc¬ 
tors,t lists eleven areas for program 
coverage: induction, vestibule, on-the- 
job, spot, presnpervisory, supervisory. 


*See also “Basic Training Policies,” In¬ 
dustrial Relations Digests No. 6, Industrial 
Relations Section, Princeton University, 
April 1941; also “Problems of Reemploy¬ 
ment and Retraining of Manpower During 
the Transition from War to Peace: A Se¬ 
lected, Annotated Bibliography,” Industrial 
Relations Section, Princeton University, 
March 1945. 

t Cleveland (400 Union Commerce 
Building) 1951. 


job-instruction training, job-relations 
training, job-methods training, and tech¬ 
nical and special group programs. 

The scope of training is governed by 
the major types of employees who are 
to be trained. Five distinctive groups of 
employees may be noted: rank and file, 
supervisory, staff, middle management, 
and top management. Rank-and-file em¬ 
ployees have no admini.«trative or super¬ 
visory duties. Supervisory employees in¬ 
clude first-line foremen and supervisors 
and their immediate superiors. Staff is 
compo.sed of specialized technical and 
professional persons attached to the op¬ 
erating line to provide counsel and aid 
Middle management is made up of those 
holding positions between these first-line 
supervisors and top management. Al¬ 
though the lines of demarcation are not 
sharp, middle-management positions in¬ 
clude general foremen, shop superintend¬ 
ents, minor executives, and assi.'stants to 
top management. Top management is 
made up of executives who hold major 
respon.sibihty for over-all planning and 
control of the entire operation. 

On the basis of the.se distinctions, the 
various types of training can be outlined 
as on p. 224. 

3.5.1.1 Job training. The most com¬ 
mon type of in-plant training is job 
training. Actual training in job perform¬ 
ance is generally undertaken either on 
the job or in “vestibule” school.s, de¬ 
pending principally on the number of 
trainees to be instructed at any paiticular 
time. Training on the job is generally 
preferred in smaller plants. The trainee 
is placed in the shop, generally under the 
guidance and sponsorship of one or more 
experienced employees, and is allowed 
to learn the job by doing it. Experience 
thus gained may be supplemented by 
outside lectures or demonstrations. Some 
programs provide written manuals or 
instruction books. 

In the vestibule school, a class of 
trainees is given a planned course of 
instruction and practice under circum¬ 
stances that simulate those of the shop. 
Instructors who have no responsibility 
for immediate production devote their 
full time to training. The vestibule school 
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1. Rank and file: 


2. Supervisory: 

3. Staff: 

4. Middle management: 
6. Top management: 


In-plant training programs 

Induction and orientation 
Job training 

Craft training-apprenticeship 

Steward training 

Safety 

Sales, service, and office 
Special pm pose 
Supervisory induction 
Foremanship 
Safely 

Manpower management 

Professional 

Technical 

Management induction 

Executive training 

Training in executive development 


has the advantages of specialized, su¬ 
perior instruction, absence of pressure to 
get out production, the possibility of 
frequent lectures or discussions, and 
greater personal attention to each 
trainee. In many cases, the period of 
instruction can be shortened. Waste and 
spoilage, often an important source of 
expense in on-the-job training, can be 
reduced. 

Both systems of job training are 
widely used. Some firms use a combina¬ 
tion of the two, in which preliminary 
training is provided in vestibule schools, 
followed by on-the-job training in the 
shop. Surveys of current practice indi¬ 
cate that such combinations are more 
common than either on-the-job or vesti¬ 
bule schools alone. 

3.5.1.2 Apprentice training. In the 
oldest of these trawiing-in-employment 
programs, craftsmen are trained under 
apprenticeship arrangements, many of 
which were developed before the Indus¬ 
trial Revolution. Training of craftsmen 
depends in large measure on day-to-day 
practice under the supervision of skilled 
journeymen. Today, however, this prac¬ 
tice is combined with classroom training 
designed to improve on-the-job instruc¬ 
tion and to shorten the learning period. 
For more than 60 crafts, such appren¬ 
ticeship arnmgements are the established 
and accepted training procedure. In 
many of them, training is arranged under 
contract—that is, it is “indentured” un¬ 
der an agreement that specifies how long 
the apprentice will spend in securing 


in.struction and who will provide such 
training. The agreement also insures pro¬ 
gressively increasing wage rates through¬ 
out the apprenticeship period. 

Federal and state apprentice-training 
agencies (in some 30 states) now outline 
standards for acceptable apprenticeship 
program.s, and cooperate with employers 
and unions in developing and maintain¬ 
ing them. They encourage indentured 
apprentice-training programs. They en¬ 
force accepted standards, including a 
minimum age (16 years), minimum and 
maximum lengths of training periods 
(2,000 to 10,000 working hours), group 
instruction under public authorities (at 
least 144 hours per year), and minimum 
wages (beginning at not le.ss than 50 
per com of journeyman rates). These 
public agencie.« encourage the creation 
of joint employer-employee apprentice- 
training committees for the various 
crafts. More than 5,000 of these com¬ 
mittees are now functioning throughout 
the country.* 

3.5.1.3 Supervisory training. Another 
common type of training is supervisory 
training. Table 4.6 outlines the content 
of one carefully planned supervisory 
training program. 

3.5.2 Principles of training. Whatever 

* For greater detail, see Paul Bergevin, 
Induxlrial Apprenticeship (New York: 
McGraw-Hill Book Company, Inc., 1947). 
Also Selling Up an Apprenticeship Pro¬ 
gram (Washington, D. C.: U. S. Depart¬ 
ment of Labor Apprentice Training Serv¬ 
ice, 1946). 
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11. Self-improvement 

* From Earl Planty and William McCord, "The Scope and Organiution of Supervisor Training," Personnel, Vol. 22, No. 4. January 1946, 224, 
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the type of training, it should be based 
on the following generally recognized 
principles: 

1. Training must always recognize in¬ 
dividual differences—differences in abil¬ 
ity, interest, learning speed, and other 
significant personal characteristics. 

2. Training should reflect the informa¬ 
tion provided by job analysis, which in¬ 
dicates both the need for training and 
the nature of the training to be provided. 

3. Incentives are always important in 
training. Motivation of trainees cannot 
be taken for granted. 

4. Participation of executives and su¬ 
pervisors, as well as trainees, in training 
activities is an important means of en¬ 
hancing motivation and interest in train¬ 
ing. 

5. Teachers must be carefully selected 
and miLst themselves be given special 
training if nece.ssary. 

3.5.3 Training methods. Among the 
jirincipal methods of employment train¬ 
ing are the following: 

On-tlm-job instruction 

Apprenticeships 

Lectures 

Conferences and projects 

Role-playing 

Position rotation 

Understudy programs 

Internship.s 

Scholarships and fellow.ships for attend¬ 
ance in puplic or private educational 
iastitutions* 

* For detailed discussions of each of 
these mcthod.s, see Yoder, Personnel Prin¬ 
ciples and Policies, pp. 239-251; William 
W. Mussman and Wilbur M. McFcely, 
“Techniques of Conference Leadership," 
National Industrial Conference Board Re¬ 
ports, Studies in Personnel Policy No. 77, 
1946; Edward S. Maclin and Paul T. Mc¬ 
Henry, Conference Leader Training (Deep 
River, Conn.: National Foremen’s Insti¬ 
tute, 1945); Kenneth B. Haas and Claude 
H. Ewing, Tested Trainmg Tc'hniques 
(New York: Prentice-Hall, Inc., 1950); 
Leland P. Bradford and Ronald Lippitt, 
“Role-Playing in Supervisory Training,” 
Personnel, Vol. 22, No. 5, March 1946, 
358-369; Alex Bavelas, “Role Playing and 
Management Training,” Personnel, Vol. 24, 
No. 8, May 1946, 11-16; Elwood N. Chap¬ 
man, “Role Playing in Cooperative Retail 


з . 6 PERSONNEL BATING 

Individual employees may be 

rated for a variety of purposes. 
Perhaps the most frequent purpose is to 
provide a measure of demonstrated and 
potential abilities as a basis for adjusting 
compensation. Ratings are also used to 
identify employees who appear promis¬ 
ing candidates for promotion. 

It is often said that ratings are used 
to measure personal charactcrLstics for 
which there are no real measures. The 
point is that no objective measures of 
such personal traits as honesty, dependa¬ 
bility, and initiative exist, but that an 
estimate or judgment of those qualities 
i.s made available in personnel ratings. 

Rating i.s designated by a variety of 
terms. It is called “efficiency,’' “profi¬ 
ciency,” “merit,” “performance,” “serv¬ 
ice,” and “personnel’’ rating. None of 
these designations has achieved general 
acceptance. “Personnel rating,” how¬ 
ever, has the advantage of suggesting 
that it is people who are being rated. 
It thus distingui.shcs the process from 
the rating of jobs in job evaluation, the 
rating of plant experience in workmen’s 
compon-sation rating, and the rating 
of emiiloymcnt experience in unemploy¬ 
ment comiiensation. 

3.6.1 Types of personnel rating. The 
most common nitirig procedure is the 
appraisal of employee.^ by their super¬ 
visors. This is known as vertical rating. 
When fellow-employees provide the eval¬ 
uations, the procedure is known as hori¬ 
zontal rating or mutual rating. Some¬ 
times employees are asked to provide 
self-ratings. 

3.6.2 Rating scales. Rating procedure 
generally uses a form called a rating 
scale, on which the rater records his 
impre.ssions of the ratee. Most commonly 

и. seil is a listing of the qualities to be 

Training Class,” Occupations, Vol. 29, No. 
5, February 1951, 358-3.59; Chris Argyris, 
“Role-Playing in Action,” Bulletin No. 16, 
New York State School of Labor and In¬ 
dustrial Relations, May 1951; A. A. Live- 
right, “Role-Playing in Leadership Train¬ 
ing,” Personnel Journal, Vol. 29, No. 11 
April 1951, 412-416. 
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FIG. 4.16 POKTION OF SIMPLE PERSONNEL RATING 
SCALE USING DESCRIPTIVE PHRASES. 
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rated, with questions or a linear scale on 
which the rater indicates the degree of 
each quality. Scales are illustrated in 
Figs. 4.16 and 4.17.* 

3.6.3 Principal deficiencies. Caution is 
essential in the use of ratings. The fact 
that they provide an approximate evalu¬ 
ation for qualities that cannot be objec¬ 
tively measured suggests the likelihood 
of errors in the rating process. John C. 
Flanagan has described five principal 
shortcomings in personnel ratings: 

1. Failure to obtain a “spread” of 
scores. This is sometimes described as 
“central tendency,” meaning that raters 
tend to show all ratees as about average 
with respect to the qualities rated. But, 
as Flanagan notes, they may also tend 
to rate all ratees too high or too low. 

2. The “halo” effect, in which the 
rater’s general impression of the individ¬ 
ual or of one quality influences his ap¬ 
praisal of each individual trait. 

3. Varying standards applied by vari¬ 
ous raters. This tendency is particularly 
noticeable and troublesome when two 
divisions are to be compared, or when 
ratings from several units are to be com¬ 
bined. 

4. Unreliability of ratings, by which is 
meant a lack of consistency. If rating.s are 
unreliable, the scores given to the same 
group of ratees by two raters may form 
no consistent pattern. Those who rank at 
the top with one rater may fall into lower 
ranks in another rater’s evaluation. In 
such a situation, little reliability can be 
attached to the scores. 

5. Lack of validity, which means that 
the ratings given do not accurately 
measure the qualities rated. Such dis¬ 
crepancies can be demonstrated only if 
ratings appraise some qualities for which 
other objective mea.sures are available. 
For example, if ratings on productivity 
assess out-put inaccurately, they are not 
valid.t 

* For additional detail, see M. Joseph 
Dooher and Vivienne Marquis, eds., Rating 
Employee and Supervisory Perjormance 
(New Vork: American Management As¬ 
sociation, 1950). 

tFrom John C. Flanagan, “A New Ap¬ 
proach to Evaluating Personnel,” Person- 


One of the major problems in rating 
is finding raters who know ratees well 
enough to do a good job. In many cases, 
errors in ratings reflect the raters’ un¬ 
willingness to commit themselves on 
points about which they do not feel sure. 
As a result, ratings may reflect what is 
generally described as “leniency.” 

3.6.4 Rating errors. Individual differ¬ 
ences in the standards that raters apply 
to ratees result in varying ratings being 
given to identical ratees by two or more 
raters. By analyzing these differences, it 
is possible to evaluate the rating tend¬ 
encies of raters. Thus, if a rater tends 
to rate all ratees higher than other 
raters do, this tendency can be noted and 
measured. If the tendency is consistent, 
the rater’s ratings can be “corrected” 
accordingly. 

To discover such tendencies, ratings 
are frequently analyzed in terms of 
systematic and total errors. Systematic 
errors are calculated by comparing the 
scores given by a particular rater with 
the average of scores on the same ratee 
or trait given by all raters. The differ¬ 
ences, plus or minus, are totaled, and the 
result indicates the rater’s tendency to 
score high or low. Total errors are cal¬ 
culated in a similar manner, except that 
the differences are totaled without regard 
to plus or minus signs. 

Systematic errors measure a particular 
rater’s severity or leniency and indicate 
how his ratings should be discounted or 
adjusted. Total errors merely indicate 
the tendency of the individual rater to 
vary from other raters. They thus sug¬ 
gest how much reliance may be placed 
on the rater's scores, on the assumption 
that the average of all raters’ scores is a 
satisfactory criterion. 

4 . WAGE AND SALARY ADMINIS¬ 
TRATION 

Wage and salary administration is 

one of the major responsibilities 
of modern manpower management It is, 

nel, Vol. 26, No. I, July 1949, 35-42 See 
also Marion W. Richardson, “Forced- 
Choice Performance Reports," Personnel, 
Vol, 26, No. 3, November 1949, 205-212. 
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of course, a line responsibility, but con¬ 
tinually increasing complications have 
demanded the attention of specialized 
staff members. Prospective problems— 
involving questions of annual wages, 
guaranteed wages, cost-of-living adjust¬ 
ments, and improvement factors—and 
numerous highly complicated “fringe" 
payments all tend to emphasize the need 
for specialized staff in the wage and 
salary area. 

4.1 TERMINOLOGY 

Several of the most widely used 

terms should be defined to prevent 
misunderstanding. Among these are: 

4.1.1 Wages. The term “wages” is 
probably the broadest of all designations 
applied to compensation. In popular 
usage, it refers to payments for 
services, whether to manual or white- 
collar employees, and whether based on 
hours of employment, output, or some 
other yardstick. In this usage, the term 
includes salaries, bonuses, and commis¬ 
sions, as well as board and room and 
other perquisites. Because this term- is 
used so broadly, its meaning is always 
obscure. 

In a somewhat more restricted and 
meaningful usage, the term “wages” re¬ 
fers to compensation paid for services 
of hourly-rated or other nonsupervisory 
and nonclerical employees. Here the 
term “employees” refers to several dis¬ 
tinctive groups, including managerial 
and supervisory manpower, salaried 
white-collar groups, and hourly-rated 
(generally manual) employees. Hourly¬ 
rated employees include those paid on a 
piece-rate or output basis, because 
hourly “base rates” are established for 
these jobs. 

4.1.2 Woge ratei-time and piece. 

Whereas the term “wages” generally re¬ 
fers to earnings, “wage rates” are the 
amounts paid per unit of work per¬ 
formed. There are two principal types 
of wage rates: time rates and piece rates. 
Time rates are based on time units, most 
commonly the working hour, although 
some day rates and weekly rates are 
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used. In its simplest form, the piece rate 
is a flat payment of so much per imit 
produced. The term includes, in addition 
to these simple rates, more complicated 
formulas generally described as incentive 
wage plans, which are presumed to pro¬ 
vide a special incentive for high-level 
performance. The term “incentive 
wages” is frequently applied both to 
simple piece rates and to the more com¬ 
plicated arrangements. 

4.1.3 Commissions and bonuses. Com¬ 
missions represent a common variant of 
piece rates in which compensation is 
based on the price or value of the serv¬ 
ices rather than on physical units. Em¬ 
ployees are paid a percentage of their 
sales, for example. Commissions are the 
established method of compensating for 
many semiprofession.tl services, such as 
those of insurance agents, factory repre¬ 
sentatives, and outside salesmen. Com¬ 
missions may also be combined with 
hourly wages in paying inside salesmen 
and other employees. 

Bonuses are extra payments made in 
addition to usual compensation. They 
arc of two principal types. The first type 
of bonus is a regularly scheduled reward 
or incentive granted for extra perform¬ 
ance and recognized as an established 
part of total comjiensation. Such are the 
usual “production” bonuses provided for 
hourly-rated emploj^ees as well as for 
salesmen and executives. A second type 
of bonus is illustrated by the Christmas 
or year-end bonus, distributed if and 
when net earnings justify. It is a gratuity 
and a source of income on which the 
employee cannot regularly depend. 

4.1.4 Earnings. “Earnings” are the 
product of wage rates and employment. 
An employee earns an amount that 
varies with his rate of compensation and 
his period of employment or his output. 

The most commonly used measure for 
hourly-rated personnel is weekly earn¬ 
ings. The month or year is a more fre¬ 
quent time period for salaried employees. 
Weekly earnings may reflect the influ¬ 
ence of several factors. For example, 
overtime employment at premium rates 
is included. So are premiums or bonuses 
earned by high-level output under vari- 
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0U8 incentive plane. Published figures on 
weekly earnings in manufacturing in¬ 
clude these items.* Similarly, they reflect 
part-time employment. 

Hourly earnings for hourly-rated em¬ 
ployees may not be the same as wage 
rates, since they may reflect the influ¬ 
ence of overtime at premium rates or 
of special bonuses. Published rates are 
averages of hourly earnings. Sometimes, 
in order to facilitate comparisons from 
time to time or from one industry to 
another, refined figures are calculated for 
average, straight-time hourly earnings 
(ASTHE). 

4.1.5 Take-home pay. “Take-home 
pay” represents the actual amount paid 
after what many employees refer to as 
the “deducts.” “Deducts” are deductions 
—amounts regularly subtracted from 
earnings before the check for take-home 
pay is issued. The most common deduc¬ 
tions are federal pay-as-you-go income 
taxes and old-age pension or social-secur¬ 
ity taxes. In addition, deductions may be 
made for union dues and fees, group in¬ 
surance, private pension and benefit sys¬ 
tems, hospitalization, community chest 
pledges, and other contributions. 

4.1.6 income. An employee’s income 
is usually calculated on a long-term basis 
—typically a year—and may include 
many items other than wage income. 
Many employees receive income from 
other members of their households. They 
may have earnings from more than one 
employer. 

4.1.7 Real wages. The terra “real 
wages” refers to the purchasing power 
of money wages. Real wages represent 
the actual exchange value of wage rales 
or of earnings. In tlie most common 
usage, in which wage rates or earnings 
of different periods are compared, real 
w'ages reflect an adjustment to changes 
in the price level. 

4.1.8 Labor costs. In many popular 
discussions of wages, it is assumed that 
the terms ‘wages” and “labor costs” may 
be used interchangeably, and that any 
change in wages automatically occasions 


* Regularly released in the Monthly La¬ 
bor Review. 


a similar change in labor costs. Labor 
costs are related to wage rates or earn¬ 
ings, but they are not the same thing. 
Only if wages are paid as piece rates will 
an adjustment in rates presumably affect 
labor costs in the same manner and 
amount. Even then, a change in rates 
may not occasion any similar adjustment 
in overhead items and costs. Similarly, 
when output of employees paid by the 
hour is controlled by the speed of the 
production line, changes in wage rates 
may be closely related to changes in 
direct labor costs. In other situations, 
wage rates may be changed without 
changing labor costs or with labor-coSt 
variations unlike those in wage rates. 

4.1.9 Fringe items. From the view¬ 
point of both employers and employees, 
direct wage payments are only a part 
of the wage bill. Many important types 
of compensation for wage-earners do not 
appear in wage rates. Some of them are 
not evidenced in compilations of weekly 
or longer-term earnings. These payments 
include, for example, employer contribu¬ 
tions to insurance premiums, taxes paid 
by the employer for old-age pensions and 
for unemployment compensation, and 
similar employer expenses that provide 
benefits for employees. More obvious 
are payments of premium rates for over¬ 
time and holidays, and compensation for 
down time, call-backs, paid vacations, 
rest and lunch periods, time spent on 
grievance settlement, board and room al- 
low'ances, night-shift premiums, pay for 
holidays not worked, portal-to-portal 
pay, and severance pay. They are widely 
described as fringe items. But they may 
amount to as much as 20 per cent of the 
direct wage bill. Figure 4.18 illustrates 
the significance of these fringe payments 
in current practice. The survey on 
which the figure is based revealed that 
fringe payments amounted to 15.4 per 
cent of wages. 


4.2 ADJUSTMENTS AND VARIATIONS 

Mention has been made of such 
extra compensation as bonuses. In 
addition to bonus payments, other im- 
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FIG. 4.18 COSTS OF FRINGE PAYMENTS* 

NONWAGE PAYMENTS BY TYPE OF PAYMENT 
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As per cent 
of XDogea paid 
for time worked 

Total nonwage payments. 15.4% 

1. Legally required payments (employer’s share only). 3.2 

a. Old-Age and Survivors Insurance. 1.0% 

b. Unemployment Compensation: 

(1) 0.3% lax to Federal Government. 0.3 

(2) State tax (net). 1.1 

c. Workmen’s compensation (including estimated cost for self-insured) 0.7 

d. Railroad Retirement Tax. Railroad Unemployment Insurance, Sick¬ 

ness benefits insurance, etc. 0.1 

2. Pension and other agreed-upon payments (employer’s share only). 4.6 

a. Pension-Plan premiums and pension payments not covered by in¬ 

surance-type plan. 2.2 

b. Life insurance premiums, death benefits, sickness, accident and 

medical-care insurance premiums, ho.spitalization insurance, etc. 1.4 

c. Separation or termination pay allowances. 0.1 

d. Discounts on goods and services purchased from company by em¬ 

ployees. 0.5 

e. Miscellaneous payments (free meals, compensation payments in 

excess of legal requirements, payments to needy employees, tui¬ 
tion refunds, savings and stock purchase plans, etc.). 0.3 

3. Paid rest periods, lunch periods, wash-up time, travel time, clothes-change 

time, get-ready time, etc. 1.8 

4. Payments for time not worked. 4.8 

a. Paid vacations and bonuses in lieu of vacation. 3.2 

b. Payments for holidays not worked. 1.5 

c. Payments for State or National Guard duty, jury, witness and vot¬ 

ing pay allowances, payments for time lost due to death in family 
or other personal reasons, etc.'. ... 0.1 

5. Payments to union stewards or officials for time spent in settling grievances or 

in negotiating agreements. less than 0.05 

6. Profit-sharing payments. 0.3 

7. Christmas or other special bonuses, service awards, suggestion awards, etc... . 0.7 

8. Special wage payment,s ordered by courts, wage adjustment boards, etc. 0.1 


* Reproduced by permission from The Hidden Payroll’ Non-Wage Labor Coeti of Doing Butinet* (Wash¬ 
ington. D. C.; (Chamber of Commerce of the United States, 1049), p. 13. 


portant adjustments in pay plans in¬ 
clude : 

4.2.1 Sliding scales. In several indus¬ 
tries, both in this country and abroad, 
rates of pay are adjusted in accordance 
with some predetermined index of prices. 
All such arrangements may be described 
as ’’sliding scales.” Most common are 
adjustments for changing li'ung costs. 
Other arrangements adjust wage rates to 
follow an index of wholesale prices or the 
price of products of the industry. 

4J2.2 Escalator clauses. In the most 
common shding-scale arrangement, wage 
rates are varied according to changes in 
a cost-of-living or consumers’ price in¬ 


dex. When such arrangements are pro¬ 
vided by collective agreement, they are 
widely described as ’’escalator clauses.” 
.4 particular local or national cost-of- 
living or consumers’. price index is ac¬ 
cepted as the yardstick, and wage rates 
are reviewed at specified intervals—^most 
commonly each three or six months. 
Rates are adjusted upward or downward 
in an amount approximating the per¬ 
centage change in the Tndex.* 

4.2.3 Improvement factors. In recent 


* See “Escalator Wage Adjustments 
Based on Price of Product,” Monthly La¬ 
bor Review, Vol. 73, No. 1, July 1961,48-49. 






















emOYMUNT REUTIONS 


4^] 

years, a number of collective agreements 
have provided for annual increases based 
on increasing productivity. They have 
included what is generally described as 
an “improvement factor,” which repre¬ 
sents an effort to assure employees that 
they will share immediately in increasing 
productivity. 

For all industry and over a long period 
of years, productivity increases average 
from 2 to 3 per cent per year. This 
figure, or some other figure more directly 
related to a given industry, may be ac¬ 
cepted as a bench mark. 

4.2.4 Profit-sharing. Profit-sharing ar¬ 
rangements, in which employees receive 
some of their compensation through 
participation in the profits of their 
employer, have had a long history. 
Although they have never become com¬ 
mon, they attract widespread interest 
whenever industry is prosperous. For 
example, they were widely discussed in 
this country in the years following World 
War II. In this period, a nationwide 
Council of Profit-Sharing Industries was 
established. 

These plans follow no simple pattern, 
except that almost all of them are uni¬ 
laterally established by employers. They 
vary widely in coverage—many are lim¬ 
ited to executives and top-level adminis¬ 
trators—and in methods of sharing. In 
general, they provide for a system of 
dividing net profits, usually establishing 
a minimum amount to be set aside for 
dividends and specifying how any excess 
shall be divided. Employers frequently 
regard profit-sharing as an opportunity 
to take employees into partnership—^as 
“silent” partners. They feel that, as 
partners, employees will have an added 
incentive to work hard and eliminate 
waste. Employee morale may be im¬ 
proved and may stimulate greater out¬ 
put. 

Evidence indicates that certain plans 
have achieved these results. On the other 
hand, the plans have met with some 
opposition from unions, which have 
regarded them as efforts to weaken em¬ 
ployee organization. The plans have lost 
employee support w'hen profits were re- 
iLuced m periods of business recession. 
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Too often they have been established as 
a substitute for a broad-gauge industrial 
relations program. It is clear that they 
are not a satisfactory substitute. They 
appear to have been successful only in 
situations in which the basic manpower 
management program has been carefully 
considered.* 

4.2.5 Employee stockownership. 

Closely related to profit-sharing as a 
means of compensation are various pro¬ 
visions designed to encourage employee 
stockownership. In many situations these 
plans have developed from provisions in 
which employees were encouraged to 
accept profits in the form of stock. 

Stockownership plans generally make 
stock available to employees at a special 
price and facilitate purchase on a time- 
payment basis. In some instances, a 
special issue of stock is authorized for 
this purpose. Stock thus sold to em¬ 
ployees may be either voting or nonvoi- 
ing. In some plans, only employees who 
have a stipulated length of service are 
eligible. Many plans restrict the resale 
of stock thus acquired, specifying that 
it must be offered first to the employer. 

Like profit-sharing, employee stock- 
ownership is encouraged as a means of 
securing and holding employee interest 
in the business. Both arrangements are 
also designed to develop habits of thrift. 


*See Bryce M. Stewart and Walter J. 
Couper, Profit Sharing for Wage Earners 
and Executives (New York: Industrial Re¬ 
lations Counselors, 1951); “Compensation 
for Executives,” Studies in Business Policy 
No. IS (New York; National Industrial 
Conference Board, 1946); also Charles C. 
James, “The Pros and Cons of Profit Shar¬ 
ing,” Advanced Management, Vol. 13, No. 
3, September 1948, 111-115; Kenneth M. 
Thompson, Profit Sharing (New York: 
Harper and Brothers, 1949); Gustave 
Simons, “Economic and Legal Aspects of 
Profit-Sharing Plans," Industrial and La¬ 
bor Relations Review, Vol. 2, No. 1, Octo¬ 
ber 1948, 76-89; Joseph L. Scanlon, “Profit 
Sharing Under Collective Bargaining— 
Three Case Studies,” ibid., 58-75; Profit 
Sharing (Akron, Ohio: Council of Profit- 
Sharing Industries, 1951); Pension and 
Profit Sharing Service, Prentice-Hall, Inc., 
70 Fifth Avenue. New York. 
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It nuy be questioned, however, whether 
employees should invest in the concern 
that employs them, thus putting all their 
eggs in one basket. In a serious recession, 
they may lose their jobs, dividends, and 
investment. For most wage-earners, com¬ 
mon stocks in any industry may not rep¬ 
resent a desirable form of savings. 


4.3 MAJOR CONSIDERATIONS IN WAGE 
POLICY 

Among the most important factors 
to be considered in formulating 
wage and salary policy are the following: 

1. Legislation. Policy must be consist¬ 
ent with federal, state, and local legisla¬ 
tion. Most important among .such meas¬ 
ures are the federal Fair Labor Standards 
Act, which specifies minimum wages and 
premium payments for overtime; federal 
prevailing wage and public contract laws 
(Davis-Bacon Act and Walsh-Healey 
Act); state prevailing veage and mini¬ 
mum wage laws, and “equal pay” laws 
requiring identical rates for men and 
women. 

2. Skill. Differentials ba.sed on skill are 
the oldest basis for variations in rates. 

3. Tradition. Rate structures often re¬ 
flect historic bases for differences. Al¬ 
though they may be outmoded, policy 
must move slow’ly in any attempt to 
vary from these practice.s. 

4. Going rates. E.stablished levels of 
payment must be carefully noted to 
avoid inter-plant inequities. In many 
cases, where master contracts are in 
operation, going rates will be the equiva¬ 
lent of union scales. 

5. Intra-plant equities. Most manage¬ 
ments are concerned with the equities 
of their own wage structures. In any 
balancing of factors, a high rating is 
given to a structure that assures internal 
fairness in rates. 

6. Productivity. Although it cannot 
be said that compensation is paid only 
for output or production, certainly the 
contribution of the employee to the 
product or services is a major basis for 
wage or salary. 

4.3.1 AAajor wage and salary prob¬ 
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lems. Lionel B. Michael has provided 
an excellent outline of the major prob¬ 
lems of wage and salary administration. 
He lists five major categories, with nu¬ 
merous subdivisions, as follows: 

"1. Basic policies 

a. Labor legislation 

b. Bargaining agreements 

c. Management policies 

2. Wage and salary structure 

a. Establishment of jobs 

b. Determination of relative 
value of jobs 

c. Determination of prevailing 
area rates 

d. Establishment of w'age and 
salary scales 

3. Indirect-payment practices 

a. General types of practices 

b. Factors determining which 
arc established 

c. Criteria for determining ex¬ 
tent of practices 

d. A])pIication of practices— 
inter-plant and intraplant 

e. Acquainting employees with 
practices 

4. Direct-payment plans 

a. General types of plans 

b. Criteria for applicability of 
plans 

c. Requirements of a successful 
w’age-incentive plan 

d. Policy decisions required 

e. Methods study and methods 
information 

f. Methods of time detennina- 
tion 

g. Types of allowances 

h. Advantages of a wage-incen¬ 
tive plan 

5. Employee assignment, perform¬ 
ance appraisal, and rate adjust¬ 
ment 

a. Assignment of employees to 
jobs 

b. Appraisal of employee per¬ 
formance 

c. Assignment and adjustment 
of employees’ rates”* 

*By permission from Wage and Salary 
Fundamentals and Procedures, by Lionel 
B. Michael. Copyright 1946, 1947, 1950, 
McGraw-Hill Book Company, Inc., pp. 7-8. 
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4.4 COST-OF-LIVINQ AND PRODUCTIV¬ 
ITY ADJUSTMENTS 

Escalator clauses in negotiated 
labor agreements and unilateral 
decisions of managements made cost-of- 
living adjustments in wages more com¬ 
mon after World War II. At the same 
time, increasing numbers of firms have 
provided—either unilaterally oi by 
agreement—for improvement factors or 
productivity increases. 

4.4.1 Policy statement. In general, 
provisions for cost-cMiving adjustments 
tie wage adjustments to a local index of 
consumers’ prices. They provide that 
for each increase or decrease of a stipu¬ 
lated degree in the index a .similarly stip¬ 
ulated adjustment shall be made in wage 
rates—or in base rates for employees 
who are paid on an incentive basis. A 
sample provision, as stated in a collective 
agreement, may make this provision 
clear: 

Percent Wage Adjustment, Based on 
Percent Change in Index; Adjustments 
at 3-Month Intervals; Limits on Down¬ 
ward Adjustments 

As used hereinafter, the “base level” of 
the cost of living in (city) shall be con¬ 
sidered to be at 130.5 index points, as 
shown upon the Consumers’ Price In¬ 
dexes for Moderate Income Families, 
published by the Bureau of Labor Sta¬ 
tistics of the United States Department 
of Labor. 

Upon every rise or fall in said "Con¬ 
sumers' Price Indexes for Moderate In¬ 
come Families” for (city) of .3 per cent 
or more of its base level, the employer 
will increase or decrease the wages of 
each of his employees by an equal per¬ 
centage of those wages on the date of 
said increase or decrease; Provided, how-* 
ever, that no such increase or decrease 

shall be made before August 15, -, 

or less than 3 months after any prior 
such change in wages; and no such 
change in wages shall bring about a re¬ 
duction of the wages of anj'- employee 
below the level of those wages 1 week 
after the date of the execution of this 
agreement, or below the minimum wage 
rates hereinafter provided.* 

* Additional examples are available in 
“Collective Bargaining Provisions; Wage 
Adjustment Plans,” Bulletin No. 908-9, Bu¬ 
reau of Labor Statistics, 1948. 


4.4.2 Local Indexes. Since the deter¬ 
mining factor in such adjustments is the 
local index of consumers’ prices, the par¬ 
ticular index to be used must be speci¬ 
fied. Indexes are provided by the Bureau 
of Ijabor Statistics only for major cities 
and only on predetermined dates. Some 
indexes are available monthly, some 
quarterly. The BLS index is by far the 
most w'ide-ly used for this purpose. The 
other major index is that maintained by 
the National Industrial Conference 
Board. NICB indexes are available for 
a somewhat larger list of cities than are 
BLS indexes. 

The BLS provides periodic cost-of-liv- 
ing data for 34 cities on the dates shown 
below; 


Every month 

Birmingham 

Boston 

Chicago 

Cincinnati 

Detroit 

Houston 

Los Angeles 

New York 

Philadelphia 

Pittsburgh 

F<;5., May, 

Aug., Nov. 

Atlanta 

Cleveland 

M ilwaukce 

New Orleans 

Norfolk 

Scranton 

Seattle 

Washington 


Jan., A-pril, 

July, Oct. 

Buffalo 

Denver 

Indianapolis 

Kansas City 

Manchester 

Portland, Ore. 

Richmond 

Savannah 


March, June, 

Bept., Dec. 

Baltimore 

Jacksonville 

Memphis 

Minneapolis 

Mobile 

Portland, Me. 
St. Louis 
San Francisco 


The NICB provides cost-of-living data 
for 54 citie.s on (he date.s shown on p. 236. 

BliS data are first released in mimeo¬ 
graphed form and are subsequently pub- 
ii.^hcd in the Monthly Labor Review. 
NICB data are summarized in the Man¬ 
agement Record and the Economic 
Almanac. 

If these nationally oriented indexes are 
not available, it is possible, of course, 
to prepare and maintain a local index. 
The procedure is, how'ever, complicated 
and expensive. It is always possible, of 
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Every month 

Birmingham 

Boston 

Chicago 

Denver 

Detroit 

Indianapolis 

Los Angeles 

New Orleans 

New York 

Philadelphia 


Feb., May, 
Aug., Nov. 
Akron 

Chattanooga 
Cincinnati 
Dallas 
Duluth 
Fall River 
Muskegon 
New Haven 
Pittsburgh 
Richmond 
Rochester 
St. Louis 
San Francisco- 
Oakland 
Wilmington 


Jan., April, 

July, Od. 

Baltimore 
Bridgeport 
Dayton 
Erie, Pa. 

Grand Rapids 
Green Bay 
Houston 
Memphis 

Minneapolis-St. Paul 

Newark 

Omaha 

Roanoke 

Sacramento 

Seattle 

Syracuse 

March, June, 

Sept., Dec. 

Atlanta 

Buffalo 

Cleveland 

Des Moines 

Evansville 

Huntington 

Kansas City, Mo. 

Lansing 

Louisville 

Milwaukee 

Portland 

Providence 

Spokane 

Toledo 

Trenton 


course, for local wages to be keyed to 
one of the metropolitan areas for which 
indexes are available, although it must 
be evident that local costs follow the 
pattern of the metropolitan area. 

4.4.3 Tandem adjustments. Intra¬ 
plant inequities may be created if only a 
portion of the work force enjoys esca¬ 
lator provisions while other employees 
do not. During the period of govern¬ 
mental wage stabilization following 
World War II, the Wage Stabilization 
Board developed the principle of tandem 
adjustments for employees- v’ho were 
thus adversely affected. The principle is 
sound whether or not public regulations 
limit wage adjustments. If a portion of 
the work force receives an increase 
because of higher living costs, equity 
requires that other employees whose 
wages, salaries, or earnings have long 
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been closely related to those tiiat are 
increased should be similarly treated. 

4.4.4 Improvement factors. The basic 
idea of the improvement factor holds 
that employees should share in con¬ 
stantly increasing productivity through 
higher wages. Earlier practice has gen¬ 
erally assumed that increasing produc¬ 
tivity will result in economies and thus 
be reflected in falling prices—thus in¬ 
creasing the real value of employee earn¬ 
ings. The improvement factor assumes 
that a superior means of distributing 
gains in productivity compensates em¬ 
ployees directly for these increases. 

Wages are not adjusted for annual 
increases in a particular plant or firm. 
Rather, adjustments are based on nation¬ 
wide calculations of increasing over-all 
productivity in manufacturing industries. 
Since annual increases in productivity 
amount to between 2 and 3 per cent, 
wage adjustments are made in a similar 
proportion. In plants in which no such 
increase has been made, these provisions 
may create serious problems. They may 
also stimulate a growing pressure for 
methods of increasing productivity, in¬ 
cluding technological changes. 


4.5 INCENTIVE WAGES 


The essence of so-called incentive 
wage plans is that they adjust 
earnings to output or production, thus 
providing a special financial incentive 
for increasing effort. The simplest form 
is the piece rate. Common usage, how¬ 
ever, reserves the title of incentive wage 
plans for more complicated arrange¬ 
ments that introduce considerations of 
time-saving, overhead costs, and others 
into the calculation of earnings. In gen¬ 
eral, these plans may be differentiated 
according to their tendency to increase 
or decrease piece rates as production 
rises. They may also be distinguished in 
terms of their applicability to both 
standardized and unstandardized work¬ 
ing assignments and conditions. In addi¬ 
tion. some of the plans have the special 
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advantage of facilitating transfers from 
one job to another by defining all jobs 
in terms of uniform work units. 


So far as detailed provisions are con* 
cerned, the variety of plans is almost 
endless. All, however, are marked by a 


TABLE 4.7 BASIC INCENTIVE WAGE PLANS (Data Simplified foT puTposes 
of illustration.) 


The Tayloh Differential Piece-Rate Plan 

Data: Normal weekly wage, $40 (40 hours); standard output, 4 units per week, 10 hours 
per unit. Two piece rates: standard and above, $10 per piece; under standard, $7.50 per 

piece. 


Employee 

Units per week 

Piece rate 

Weekly earnings 

A 

3.6 

$ 7.50 

$27.00 

B 

4.0 

10.00 

40.00 

C 

6.0 

10.00 

60.00 

D 

8.0 

10.00 

80.00 


The Halsey Plan 

Data: Normal weekly wage, $40 (40 hours); normal hourly rate, $1.00; normal output 
or production, 4 units per week, 10 hours per unit; earnings, time taken at hourly rate 
plus premium; guaranteed weekly wage, $40; premium, 50 per cent of time rate for time 

saved. 


I 

Employee 

Units 

per 

week 

Time 

taken 

per 

piece, 

hours 

Time 

saved 

per 

piece, 

hours 

Hours 

saved 

Base 

wage 

Premium 

for 

time 

saved 

Weekly 

earnings 

A 

3.6 

11.1 


None 

$40 


$40 

B 

4.0 

10.0 

• • • 

None 

40 

. . . 

40 

C 

6.0 

6.7 

3.3 

20 

40 

$10 

50 

D 

8.0 

5.0 

5.0 

40 

40 

20 

60 


The Rowan Plan 

Data: Normal weekly wage, $40 (40 hours); normal hourly wage, $1.00; normal output 
or production, 4 units per week, 10 hours per unit; earnings, time taken at hourly rate 
plus premium; guaranteed weekly wage, $40; premium hourly rate is base rate plus per¬ 
centage of time saved. 


Employee 

Units 

per 

week 

Time 

taken 

per 

piece, 

hours 

Time 

saved 

per 

piece, 

hours 

Per cent 
normal 
time 
taken 
per piece 

Per cent 
normal 
time 
saved 
per piece 

Hourly 

rate 

Weekly 

earnings 

A 

3.6 

HQM| 


111.1 


$1.00 

$40.00 

B 

4.0 


• • 4 

100.0 

. • . 

1.00 

40.00 

C 

6.0 


3.3 

66.7 

33.3 

1.33 

53.20 

D 

8.0 

! 


5.0 

50.0 

50.0 

1.50 

60.00 
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TABLE 4.8 BASIC INCENTIVE WAGE PLANS (Data Simplified foF purposes 
of illustration.) 

Thb One Hundred Per Cent Premium Plan 

Data; Normal weekly wage, S40 (40 hours); standard output or production, 4 units per 
week, 10 hours per unit; standard hourly rate, $1.00; earnings, time taken at standard 
hourly rate plus premium; guaranteed weekly wage, $40; premium, payment for time 

saved at full hourly rate. 


Employee 

Units 

per 

week 

Time 

taken 

per 

piece, 

hours 

Time 

saved 

per 

piece, 

hours 

Total 

hours 

saved 

Base 

rate 

pay 

Premium 

Weekly 

earnings 

A 

3.6 

mu 



$40 


$40 

B 

4.0 




40 


40 

C 

6.0 


3.3 

20.0 

40 

$20 

60 

D 

8.0 

■■ 

5.0 

40.0 

40 

40 

80 


The Gantt Task and Bonus System 

Data: Guaranteed weekly wage, $40.00; standard output or production, 4 units per week, 
10 hours per unit; standard time rate, $1.00 per hour; earnings, standard and above, time 
allowed at standard time rate plus premium; below standard, guaranteed weekly wage; 
premium, 20 per cent of payment for time allowed. 


Employee 

Units 
per week 

Standard 

hours 

allowed 

Wage for 
time 
allowed 

Premium 

Weekly 

earnings 

Labor cost 
per piece 

A 

3.6 

36 



$40.00 

$11.11 

B 

4.0 

40 

40.00 

$ 8.00 


12.00 

C 

6.0 

60 


12.00 


12.00 

D 

8.0 

80 


16.00 


12.00 

1 


few basic arrangements. The provision 
that will be desirable in any specific 
plant or department cannot be forecast 
without a careful analysis of the opera¬ 
tions performed. Here, however, it may 
be well to outline the operation of the 
older and more basic plans. They can be 
adapted to specific situations upon the 
basis of careful study and understanding. 

4.5.1 Basic plans. To provide a handy 
reference, five of these basic jilans are 
illustrated in Tables 4.'^ and 4.8. 

Each plan is shown operating with the 
same variations in output, in order to 
make the distinctive features of each 
plan readily apparent. The Taylor plan 
is selective, in that it provides a high 
piece rate for high-output employees and 
a low rate to discourage those who can¬ 
not make standard. Halsey and Rowan 


plans differ in the rate of earnings pro¬ 
vided for employees who exceed st,ind- 
ard. The results of these basic plans on 
earnings and labor costs are illustrated 
in Figs. 4.19 and 4.20. 

4.5.2 General principles. Several gen¬ 
eral principles, based on extensive ex- 
lienonce with incentive plans, may be 
stated as follows; 

1. Because many employees are skep¬ 
tical of incentive plans, and also because 
the plans must be adapted to the situ¬ 
ation in which they are used, an incen¬ 
tive plan must be thoroughly worked out 
and explained to all tho.se who will be 
afl'ected by it. 

2. Expected earnings must be higher 
than those provided by hourly rates. In¬ 
creases ranging from 15 to 25 per cent 
are widely regarded as about right. 
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OUTPUT: UNITS PER WEEK 

FIG. 4.19 WEEKLY EARNINGS UNDER BASIC INCEN¬ 
TIVE WAGE PLANS. 

3. A small proportion of all employees probably the most satisfactory means of 

—those who are especially apt in various establi.shing such relationships, 
operations—earn as much as 50 per cent 7. Means must be provided for peri- 
more than this average. odic review of rates to make sure that 

4. Arrangements that provide for a they are appropriately related to each 
declining rate for higher levels of out- other and are fair in terms of possible 
put are not generally acceptable, except earnings on other jobs. 

po.ssibly at very high level.s where a nog- 8. Cleans must be provided to insure 
ative incentive may protect the health prompt adjustments in rates for changes 
of the employee. in job content. 

5. Establishing bases or standards of 9. Time studies may be conducted and 

output is a matter of major concern in rates established unilaterally by the em¬ 
ail incentive plans. Time studies—for ployer or jointly with unions of employ- 

each job—represent the most satisfac- ees. In either case, arrangements must 

tory means of setting fair standards, be maintained for appealing such rates. 

Base rates derived from experience under Mistakes can be and are made, and their 

unstandardized conditions are seldom correction must be a.ssured. 

reliable. (See Section 5.) 10. Although rates are reviewed peri- 

6. Rates on various jobs must be odically, no change should be made 

properly interrelated. Job evaluation is merely because employees are earning 
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FIG. 4.20 UNIT LABOR COSTS UNDER BASIC IN 
CENTIVE WAGE PLANS. 
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“too much.” This does not mean that 
rates can never be reduced. Newly estab¬ 
lished rates may err on the liberal or 
“loose” side as well as on the “tight” 
side. If they reflect improper standards, 
the standards should be revised. Further, 
if jobs change, standards and rates must 
be reviewed.* 

* For sources of additional information 
on incentive plans, .sec Robert L. Aronson, 
“Incentive Wage Systems; A Selected, 
Annotated Bibliography,” Industrial Rela¬ 
tions Section, Princeton University, May, 
1949; John M. True, “incentive Wage Sys¬ 
tem, A Selected Bibliography,” Industrial 
Relations Section, Princeton University, 
1947; John W. Riegel, “Paving the Way 
for an Incentive Plan,” Industrial Rela¬ 
tions Section, California Institute of Tech¬ 
nology, 1943; R. A. Olson, “The Standard 
Movement Time Approach to Incentives,” 
Factory Management and Maintenance, 
Vol. 104, No. 2, March 1946, 126 ff. 


4.5.3 Basic considerations. W. H. 

Spencer has provided a list of 11 basic 
considerations in planning incentive 
wages. He concludes that to be success¬ 
ful, a plan should: 

“1. Fit the plant and its opera¬ 
tion. 

2. Have the understanding and in¬ 
terest of top management. 

3. Have the constant attention of 
competent supervisors. 

4. Have standards fixed and guar¬ 
anteed against changes, except when 
there are changes in methods, material, 
or product. 

5. Have standards directly measur¬ 
ing the productivity. 

6. Be understandable to and ac¬ 
cepted by the workers. 

7. Be as simple as possible and still 
be a direct measure of the productive 
effort of the worker. 
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8. Not appreciably increase unit 
labor cost. 

9. Not pay a premium for produc¬ 
tivity below that which should exist. 

10. Not be a subterfuge to increase 
pay without a corresponding increase in 
productivity. 

11. Not be a scheme to avoid a 
justifiable base hourly increase.”* 

4.5.4 Union attitudes. It is often stated 
that unions are opposed to piece-rate or 
more complicated incentive wage plans. 
This generalization is unjustified, for 
some unions regularly insist upon such 
a method of payment. On the other 
hand, it is true that many unions have 
opposed these plans. Other unions have 
indicated the conditions they regard as 
essential in such arrangements. For ex¬ 
ample, a statement of the UAW-CIO 
outlined seven considerations, as follows: 

“1. No system of incentive wage pay¬ 
ment shall be applied before it has re¬ 
ceived the approval of the membership 
of the local union or the plant unit and 
of the International Union. 

“2. The local union or plant unit oper¬ 
ating under a wage incentive system shall 
retain the right at any time to eliminate 
such a system when it has become appar¬ 
ent to the union that such a system is 
failing to secure the objectives for which 
it was established. 

“3. In the event that any UA.W. 
plant now operating on a day-rate basis 
shall convert to an incentive system, 
guaranteed hourly base rates under such 
a system shall be no less than the previ¬ 
ous hourly day rates in all classifications. 

“4. Incentive payments above the base 
rate for all productive workers shall be 
in direct proportion to the increase of 
production above previously established 
normal standards. Incentives shall be 
computed on an hourly or daily ba.sis. 

“5. Base rates and production stand- 

* W. H. Spencer, “Wage Incentives from 
a War Production Viewpoint,” Proceed¬ 
ings, Third Annual Conference on Indus¬ 
trial Relations, April 19, 20, 21, 1945 
(University of Minnesota, Center for Con¬ 
tinuation Study and Industrial Relations 
Center, 1945), 7-8. Reprinted by permis¬ 
sion. 
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ards shall remain unchanged, except 
when in the opinion of the union and the 
company substantial changes in product, 
methods, or equipment shall have taken 
place. 

“6. Some method of participation in 
incentive earnings must be insured for 
non-production workers as well as direct 
production workers. Such participation, 
however, must not be at the expense of 
•earnings to be received by production 
workers. 

“7. The introduction of incentive sys¬ 
tems must be restricted to plants now 
able to assure either full and continuous 
weekly employment or a guaranteed 
weekly wage equal to 40 times the basic 
hourly rate.” * 

4.5.5 General effects on earnings. In¬ 
centive earnings are generally higher— 
for the same job—than straight time 
wages. W^hen incentive plans are in¬ 
stalled, they should be expected to pro¬ 
vide hourly earnings at least 20 per cent 
higher, on the average, than earlier 
hourly rates. Comparisons of occupa¬ 
tional rates in large numbers of plants 
indicate a similar differential in estab¬ 
lished time rates and incentive earnings. 

4.5.6 Incentives and non-production 
employees. Use of incentive plans often 
creates problems in compensating super¬ 
visors and other employees not included 
in the plans. Some of these problems are 
solved by so-called “group incentives,” 
in which supervisors are included as 
members of a working group and each 
member’s bonus or premium is depend¬ 
ent on the output of the group. In other 
situations, adjustments are made in the 
pay of supervisors and of all non-produc¬ 
tion employees whose effort is affected by 
varying output. 


4.6 JOB EVALUATION 

Job evaluation involves the sys¬ 
tematic appraisal of each job in 
the organization to determine its com- 


* Executive's Labor Letter (New York: 
National Foremen’s Institute), April 20, 
1943, p. 4. Reprinted by permission. 
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parative value. All tlie procedures used 
in job evaluation seek to discover what 
each job involves in terms of the consid¬ 
erations for which wages are paid. Job 
evaluation seeks to provide for a fair 
and equitable wage structure based on 
the assumption that each job should be 
paid according to its contribution to the 
value of the finished product or service 
and to the long-term success and prog¬ 
ress of the organization. 

Job evaluation helps prevent and .re¬ 
move intra-plant inequities. However, 
since it lays a useful foundation for job 
comparisons from one plant and firm 
to another, it is also helpful in reducing 
inter-plant inequities. In practice, the 
determination of wage rates often makes 
use of wage and salary surveys, which 
immediately introduce inter-plant con¬ 
siderations. 

4.6.1 Systems. Four principal systems 
of job evaluation may be distinguished. 
All involve the rating of jobs, but they 
differ in methods and procedures. They 
are: job ranking, job classification, point- 
value or "manual” systems, and the 
factor-comparison system. 

4.6.1.1 Job ranking. This is the sim¬ 
plest system. As usually applied, it as¬ 
signs no point values to individual jobs. 
Rather, it establishes a job structure or 
hierarchy without attempting to measure 
the differences in value from one level 
to another. In practice, job ranking usu¬ 
ally begins by noting several job ele¬ 
ments or factors to be considered in 
comparing jobs. Then the jobs are 
ranked from those having the fewest 
requirements to those having the most. 

The whole procedure is comparatively 
informal. The rankers are presumed to 
be familiar with the entire organization, 
which means that this system is gener¬ 
ally used in small firms and agencies. 
They study job descriptions or notes on 
each job and arrange slips or cards to 
indicate the resulting job structure. Sub¬ 
sequent discussion seeks to adjust com¬ 
pensation to differences in the levels thus 
established. 

4.6.1.2 Job classification system. An¬ 
other procedure that is best adapted to 
small organizations—although it has 
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been used in some very large ones—^is 
known as job classification. It begins by 
noting major classes of jobs—^for exam¬ 
ple, clerical, engineering, sales, and ac¬ 
counting. Variations in skill require¬ 
ments, administrative responsibility, and 
other factors are then considered. On the 
basis of these differences, job series and 
classes are created, such as an engineer¬ 
ing series or a sales series. Several classes 
may be defined within each series. Exist¬ 
ing jobs are then “slotted” into this 
classification. 

4.6.1.3 Point or manual system. The 

point or manual system is essentially the 
application of a job rating scale to each 
job. This scale outlines a series of job 
elements of qualities. For each element 
a descriptive scale is provided which 
defines various degrees of the element. 
Each degree includes a range of points, 
from which the appropriate point value 
is selected. The combined scale totals 
these points to provide an over-all point 
value for each job. 

The key to satisfactory job evaluation 
under this system is to develop a satis¬ 
factory rating scale and to teach staff 
members to use it. A variety of scales 
is available. Some are of limited appli¬ 
cability, having been developed to fit the 
needs of one organization. Others, like 
the National Metal Trades Association 
scales, are designed for use throughout a 
large industry. Committees have been 
widely used to develop special tailor- 
made scales. Such committees may in¬ 
clude representatives of several levels 
of supervision as well as rank-and-file 
employees and imion representatives. 

4.6.1.4 Factor-comparison method. 
The factor-comparison method provides 
a tailor-made system for each applica¬ 
tion. It begins by asking what job ele¬ 
ments or factors the particular agency 
or firm pays for. Job descriptions dis¬ 
close the major job elements that appear 
—in greater or less degree—^in all jobs 
throughout the organization. Next, the 
comparative money value of each factor 
is sought. A list of "key” or widely 
known jobs, with their rates of pay, is 
submitted to a committee. Each mem¬ 
ber is asked to indicate the proportion 



44^] 


■MHOYNUNt MLATtONS 


243 


"B" _K)t VAlUATiOM 


Mifnauiiiim 


TOTAL 

pouin 

1 

2 

3 

4 

f 

mu 

L bNllMM 


24.94I-SMM4 

44.S9.S44I42.M 

49-72.74-99-9441 



a. ummm 

2-4Mi9-IM4 



44.44-4l.$0.52.M.S4 



% hlliiHwJI— 


16.11*29424449-28 

99.82.3444.3840-42 

44. 44 - 49 - 99 . 52 - 54.94 

594042444448.70 


SnORT 

3.4^ 

I•■U-I4.U 

1849-22-24 

24-28.19.32 

3444.31-40 


».WinMn— 

M-9-T 

S-19.12-14 

■KnarsBi 

22 2)44-29 

29-31 33.35 


UarONSDIUTT 

8t4ii44 tl 

144^4 

4-744.19 

II.12.I&.I4.18 

14.17-18-19.29 

U-R-21-M4S 


. . 

14444 

4-74-9.19 


16 17.18.14-20 



t. W«rii«IOA«n 

1444*9 

9.74-9.19 

Il.|2-I9-|4.]4 

14.17.18 19.20 

HJEidZESI 


9. SaMy •! ORmwi 

14444 

4 . 74 . 9-10 

11-12.13-14.15 

14.17.18-19.20 

21.2243.24.29 


WOmNO COWWflOWI 

URwRilASai 

2444 

19-11-14-14 

1944.22.24 

2«-28.99-32 

34.34.39.40 



144-r 

4.14-12.14 

■KsiHisaai 







_ S!ss.S.Crf>_ 


Reprodured by permission from Ray E. Hibbs, Job 
Evaluation by the Precision Method (Minneapolis: Roy 
E Hibbs and Associates, 1944). 


FIG. 4.21 JOB EVALUATION SHEET FOR INDIVIDUAL 
JOB. 


of total pay for each job he thinks is 
attributable to each factor. Analysis of 
these allocations provides comparative 
weights for each job factor. 

Key jobs are then analyzed to provide 
yardsticks for each job factor. Each job 
in the organization is rated on each fac¬ 
tor by reference to scales constructed by 
an analysis of these key jobs. In the 
factor-comparison procedure, the dis¬ 
tinctive features are (1) the discovery 
and comparison of job elements or fac¬ 
tors in key jobs, and (2) the comparison 
and appraisal of all other jobs on the 
basis of these job elements.* 

* For greater detail on these and other 
plans, see Jay L. Otis and Richard Leukart, 
Job Evaluation (New York: Prentice- 
Hall, Inc., 1948); William R. Spriegel, 
‘'Job Evaluation in Insurance Companies,” 
University of Texas Bureau of Business 
Research, 1951; C. A. Lawshe and P. C. 
Farbo, "Studies in Job Evaluation,” Jour¬ 
nal oj Applied Psychology, Vol. 33, No. 2, 
April 1949, 158-166; Eugene J. Benge, 
“Statistical Study of a Job Evaluation 
Point System,” Modem Management, Vol. 
7, No. 3, A.prU 1947. 17-22); D. J. Chcsler, 
"Reliability and Comparability of Differ¬ 
ent Job Evaluation Systems,” Journal oj 
Applied Psychology, Vol. 32, No. 5, Octo¬ 
ber 1948, 465-475); also his "Reliability of 
Abbreviated Job Evaluation Scales,” Jour¬ 
nal oj Applied Psychology, Vol. 32, No. 6, 


Figures 4.21 and 4.22 illustrate the rat¬ 
ing procedure employed in the applica¬ 
tion of a point system. 

4.6.2 Wage and salary structures. Job 
evaluation a.ssigns a relative position, 
generally indicated by point values, to 
each job. Wage payments are thereafter 
presumably related to this position. But 
it is not usual to provide a distinctive 
wage rate for each job in the organiza¬ 
tion. Rather, jobs having similar ratings 
or values are grouped in labor grades, 
thus providing a hierarchy of positions 
and rates and creating a wage or salary 
structure. Figure 4.23 is a graphic illus¬ 
tration of such a structure. 

4.6.3 Wage surveys. Decisions on what 
rates are to be paid on each job or each 
class or labor grade may be either uni- 


December 1948, 622-628; and his "Abbrevi¬ 
ated Job Evaluation Scales . . . ,” Journal 
of Applied Psychology, Vol. 33, No. 2. 
April 1949, 151-157; P. Ash. "The Relia¬ 
bility of Job Evaluation Rankings,” Jour¬ 
nal oj Applied Psychology, Vol. 32, No. 3. 
June 1948, 313-320; Leonard Cohen, "More 
Reliable Job Evaluation,” Personnel Psy¬ 
chology, Vol. 1, No. 4, Winter 1948, 457- 
464; Clark Kerr and Lloyd H. Fisher, 
“Effect of Environment and Administra¬ 
tion on Job Evaluation,” University of 
California (Berkeley) Institute of Indus¬ 
trial Relations, Reprint No. 21, 1950. 
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PIG. 4.22 CHSCKINO SCALE FOB SINGLE FACTOR* 


2. EDUCATION 
OR 

TRADE 

INFORMATION 

This factor ap- 
praisea the neces¬ 
sary requirements 
for the use of 
graphs, drawings, 
shop mathemat¬ 
ics, measuring in¬ 
struments and 
trade information. 
The ability to 
speak and under¬ 
stand English is 
assumed to be 
present in all 
cases. 


1st DEGREE 

2nd I)£IGRK£ 

3rd DEGREE 

4tfa DEGREE 

DEGREE 

Ma^ require 
ability to read, 
write, add and 
subtract. 

Requires use of 
simple mathe¬ 
matics, such as, 
addition and 
subtraction of 
fractions and 
decimals; the 
use of drawings 
and such meas¬ 
uring instru¬ 
ments as scales 
or caliper. Edu¬ 
cation equiva¬ 
lent of sixth 
grade. 

Requires shop 
math, ohemimil, 
physical or en¬ 
gineering for¬ 
mulas, a num¬ 
ber of precision 
measuring de¬ 
vices or fairly 
involved draw- 
ings. Some 
trade informa¬ 
tion in a special 
held is required. 

Advanced shop 
math, or a wide 
range of preci¬ 
sion measuring 
devices, wide 
trade informa¬ 
tion, involved 
drawings, 
graphs and spe¬ 
cifications are 
required. 
Equivalent to 
one year college 
or 4 years trade 
training. 

Technisal 
knowledge 
great enough to 
handle ad¬ 
vanced mechan¬ 
ical, electrical or 
other technical 
problems. Ap- 
proximstefy 
equivalent to 
four years of 
technical ts'ain- 
ing at the col¬ 
lege level. 

EXAMPLE 

OF Jons 

EXAMPLE 
OF JOBS 

EXAMPLE 
OF JOBS 

EXAMPLE 
OF JOBS 

EXAMPLE 

OF JOBS 

Drill Press 
Laborer 

Polisher and 
Buffer 

Hand Trucker 

.Assembler 

Drill Press 
Polisher and 
Buffer 

Punch Press 
0|)erator 
Weighing arti¬ 
cles oil ordi¬ 
nary scales. 

Automatic 
.Screw Machine 
Operator 
Grinder, Exter¬ 
nal 

Lathe Operator, 
Turret 
Millwright 

Electrician 
Machinist (Pro¬ 
duction and 
Servn-e) 

Tool and Die 
hlaker 

Inspector 

Tester 


^ Reproduced by permission from Pay E. Hibbs, Job Evaluation by the Preeuium Method (Minneapolis: Ray 
E. Hibbs and Associates, 1!141>. 


FIG. 4.23 WAGE OR SALARY STRUCTURE. 
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EVALUATION POINTS 

From Salary Freetuig and How It work* (New York: 
Prentice-Hall, 1951), p. 16. Reproduced by permission. 
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lateral or bargained. One of the common 
criteria is the going wage—the rates be¬ 
ing paid for comparable jobs in other 
firms and localities. Frequently, informa¬ 
tion is sought on going wages in key 
jobs—^those that are sharply defined and 
for which considerable numbers are em¬ 
ployed—^and then a straight line or para¬ 
bolic curve is fitted to the points repre¬ 
sented by these rates and the point 
values to which they correspond. 

Wage surveys for this purpose are con¬ 
ducted regularly by employers’ associa¬ 
tions, unions, and go^ ornmental agencies. 
Procedure includes definition of the pur¬ 
pose of the survey, designation of the 
jobs to be covered, adoption of “stand¬ 
ard” job descriptions, designation of 
firms or agencies to be surveyed, speci¬ 
fication of the range of data to be se¬ 
cured (wage rates, hours, earnings, fringe 
items, etc.), preparation of schedules 
designed to secure such information, col¬ 


lection of data, and analysis and sum¬ 
mary of results.* 

Wage surveys are difficult to conduct. 
Job titl^ cannot be depended on; job 


* See Stanley P. Farwell, “Uses of Wage 
Survey Data,” in Job Evaluation Prac^ 
tices, University of Minnesota Industrial 
Relations Center, Release No. t, February 
1949; Richard C. Wilcock, “Types and 
Sources of Wage Data m Illinois,” Univer¬ 
sity of Illinois Institute of Labor and 
Industrial Relations, Research Report No. 
4, September 1949. See also the “Wage 
Policies and Practices Survey of the Mil¬ 
waukee Area,” prepared by the Industrial 
Relations Division of Allis-Chalmers Man¬ 
ufacturing Co., or the “Wage Survey,” 
regularly relea.sed to members by Associ¬ 
ated Industries of Minneapolis and by 
Associated Industries of Missouri (St. 
Louis, June 1951); also Wage Survey Re¬ 
port oj Official Clerical Jobs (Chicago: 
Ameiican Medical Association, 1950). 


FIG. 4.24 CURVILINEAR WAGE CURVE FITTED TO 
POINT VALUES AND WAGE RATES FOR KEY 
JOBS. 
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content may show wide variation; meth¬ 
ods of compensation vary; and compen¬ 
sation may be complicated by guarantees 
of employment or profit-sharing. 

Data may be collected by interview 
or by mailed questionnaire. Generally 
the interview technique is preferred, 
since it allows more careful comparison 
of jobs. In the best practice, well-trained 
job analysts gather information on rates 
and study the jobs to note possible varia¬ 
tions from a standard pattern. 

Findings may be presented in terms 
of average rates on each job and distri¬ 
butions of rates about this average. The 
number of firms paying each rate may be 
noted, as may modal, median, and quar- 
tile rates for each job. Fringe items are 
also noted. 

Figure 4.24 illustrates the procedure 
for fitting a vrage curve to job-evaluation 
and wage-survey data. 

4.6.4 Problems in application. Many 
problems arise in instituting and admin¬ 
istering a job-evaluation program. No 
matter how carefully a plan is developed 
originally, it cannot be expected to ojier- 
ate without constant attention. Changes 
in job content and in the operation of 
labor markets may necessitate frequent 
adjustments. 

4.6.4.1 Union attitudes. Unions have 
frequently advocated job evaluation as 
a means of increasing earnings, removing 
intra-plant inequities, and justifying 
wage structures to union members. On 
the other hand, unions have found some 
systems unsati-sfactory and have opposed 
the going rate as a fair basis for setting 
wage curves. Union demands for across- 
the-board increases may quickly destroy 
the differentials in the job structure 
that have been defined by job evalua¬ 
tion. The extent to which unions should 
be asked to share responsibility in job 
evaluation is a mailer on which opinions 
differ. 

4.6.4.2 Managerial jobs. The useful¬ 
ness of any job evaluation system de¬ 
pends on how applicable the job ele¬ 
ments are. Consequently, a single system 
may not be appropriate throughout a 
complicated organization. White-collar 
positions, for example, may require a 
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separate program, as may supervisory 
and managerial positions.* 

5. EMPLOYEE MOTIVATION AND 
MORALE 

In a sense, motivating employees 
is the fundamental problem of 
manpower management in a free society. 
For in such a society, employees must be 
encouraged to want to work effectively. 
In our present stage of economic and 
industrial evolution, those charged with 
managerial responsibilities must encour¬ 
age self-motivation by providing reasons 
and incentives designed to stimulate en¬ 
thusiastic participation in the modem 
industrial enterprise. 

Such enthusiasm is widely described 
as “morale”—the attitudes with which 
individual employees and groups regard 
their work and their participation in the 
enterprise. Morale is said to be high 
when these attitudes are favorable and 
low when they are unfavorable. 


5.1 PROBLEMS AND SYMPTOMS 

Most approaches to the problem 
of maintaining a high level of mo¬ 
tivation to date tend to eliminate or 
reduce dissatisfaction and irritations in 
employment. A more positive approach 
provides various employee services and 
benefits designed to make employment 
more attractive and to stimulate team¬ 
work. 

Among the common evidences of poor 
or inadequate motivation, the most im¬ 
portant are: 

* See Evaluation of Managerial Positions 
(Chicago: Business Research Corporation, 
1949); Albert N. Gillett, How To Evaluate 
Supervisory Jobs (Deep River, Conn.: Na¬ 
tional Foremen’s Institute, 1947); Herbert 
S. Brigg."!, “Job Evaluation: Guide to Sala¬ 
ries,” Management Record, Vol. II, No. 4, 
April 1949. 142-143; Ralph W. Ellis, “Inte¬ 
gration of Hourly and Salaried Jobs,” Job 
Evaluation Practices, University of Minne¬ 
sota Industrial Relations Center, August 
1950. 
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Yoder, Personnel Principles and Policies, pp. M8. 

FIG. 4.25 FATIGUE CURVE OF OUTPUT. 


5.1.1 Fatigue and monotony. Interest 
and output decline as fatigue increases. 
Of course, fatigue may be due to exces¬ 
sive physical or mental demands on em¬ 
ployees, or to the nature of working 
assignments. Whatever the cause, exces¬ 
sive fatigue is regarded as evidence of 
a motivation problem. 

A useful method for discovering this 
condition is illustrated in Fig. 4.25. Out¬ 
put of individual employees is studied 
to discover fluctuations during fifteen- 
minute or half-hour periods throughout 
the working day. After a “warm-up” 
period at the beginning of morning and^ 
afternoon work periods, peak output is 
maintained for only a short time. There¬ 
after, output falls. This decline suggests 
the influence of fatigue. 

Monotony is another condition that is 
reflected iu output. Monotonous oper¬ 
ations (or, rather, operations that appear 
to the individual employee as monoto¬ 
nous) tend to result in shifts of interest, 
with intervals of disinterest and day¬ 
dreaming. These effects may be apparent 
m the overt behavior of the employee. 
They may be discovered by studying 


short work periods throughout the work¬ 
ing day or shift. Such an analysis is 
illustrated in Fig. 4.26. The distinctive 
evidence of monotony is the “end spurt” 
—the tendency to increase output to¬ 
ward the end of each work period in 
apparent anticipation of release from the 
job.* 

5,1.2 Work stoppages. In popular 
thinking, strikes and lockouts are re¬ 
garded as the principal evidences of dis¬ 
satisfaction and deficient morale. They 
are, however, only the most obvious and 
perhaps the final stage of the process in 
which industrial unrest develops. Several 
preceding stages are evident to those 

* For actual data and charts of output, 
see Einar Hardin, “Measurement of Physi¬ 
cal Output at the Job Level,” Research 
and Technical Report No. 10, University 
of Minnesota Industrial Relations Center, 
August 1951. See also “Fatigue and Pro¬ 
ductivity,” Industrial Relations Digests, 
Indu.slrial Relations Section, Princeton 
University, September 1942. For an ex¬ 
cellent discu.ssion, see William Gomberg, 
“Measuring the Fatigue Factor,” Industrial 
and Labor Relations Review, Vol, 1, No. 1, 
October 1947, 80-93. 
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Yoder, Tersonnel Prinriples and Poltctet, p. 349. 


FIG. 4.26 MONOTONY CURVE OP OUTPUT. 


who study the situation critically. To 
some extent, however, strikes do take 
the form of “waves” and appear to 
develop through some sort of social 
contagion. Hence alert manpower man¬ 
agement seeks to anticipate them by 
watching for incipient stages and by 
maintaining a careful check on current 
industrial unrest in the s:ime or in other 
industries. They recognize the strong 
seasonal pattern in strikes (strikes nor¬ 
mally reach peak levels in April, May, 
and June, fall off during summer months, 
pick up in the fall, and decline to lowest 
levels during December, January, and 
February). Current reports on work 
stoppages are published in the Monthly 
Labor Review. 

5.1.3 Labor turnover. Perhaps the 
most widely recognized index of unrest, 
dissatisfaction, and poor morale, so far 
as professional employee relations staff 
members are concerned, is labor turn¬ 
over. The term refers to the separation 
and replacement of members of the 
working force. In general, increasing la¬ 
bor turnover is regarded as a crude 
indicator of employee dissatisfaction. 


although many other conditions also 
exert a strong influence. Expiansion and 
contraction of business activity, for ex¬ 
ample, inevitably affect hiring and sepa¬ 
ration. For this reason, replacements 
receive closer attention than other crude 
measures of turnover. 

Three types of crude turnover rates 
are calculated; accession, separation, and 
replacement rates. For published rates, 
compiled by the Bureau of Labor Statis¬ 
tics, the base is the same—the average 
number of employees on the payroll 
during the period, which is usually a 
month. The average is obtained by add¬ 
ing the total number of employees on the 
payroll at the beginning of the period to 
the total number at the end, and dividing 
by two. Each rate is calculated as the 
number of accessions, separations, or re¬ 
placements per hundred members of the 
working force. 

Such crude rates take no account of 
seasonal or cyclical expansion and con¬ 
traction, nor do they reflect the period 
of exposure in terms of the number of 
working days. 

In compiling annual rates, if they are 




calculated directly from the data, the 
same method is used. For purposes of 
comparison, equivalent annual rates are 
sometimes computed by multiplying 
monthly rates by a factor representing 
the month’s proportion of the year (in 
terms of actual rather than working 
days). 

5.1.3.1 Refined rates. Refined rates of 
turnover are frequently provided by the 
employment relations staff of indjvidual 
firms. These are unavoidable separation 
or quit rates. Unavoidable separations 
are those that are not occasioned by 
plant expansion or contraction, or by 
employment jiolicies that require the 
release of married women, or by death 
or other circumstances beyond the con¬ 
trol of the enterprise. Since these refined 
rates tend to reflect situations that 
cause employees to leave their employ¬ 
ment of their own volition, they give 
a more reliable indication of the attrac¬ 
tiveness or unattractiveness of employ¬ 
ment. 

5.1.4 Absenteeism, tardiness, and dis¬ 
ciplinary cases. Dissati.sfaction with 
employment is indicated by increased 
frequency of absenteeism, tardiness, and 
cases requiring disciplinary action. 

5.1.5 Restriction of output. Carefully 
maintained records of output—corrected 
for conditions beyond the control of 
employees—may disclose evidence of 
intentional re.stricliou. Figure 4.27 sug¬ 
gests an appropriate analysis. The hourly 
output of each work group is regularly 
compared, and employees are classified 
according to their individual contribu¬ 
tions. Staff members are on the alert for 
negative skewness in the distribution and 
for any narrowing of the range of indij 
vidual contributions, indicating a tend¬ 
ency toward bogeys, par or quota. A 
tendency toward the elimination of high 
producers is especially suspicious.* 

* For greater detail, see Yoder, Personnel 
Management and Industrial Pelalions, pp. 
472-474. For additional information, see 
“Conirolling Absenteeism,” U. S. Depart¬ 
ment of Labor, Special Bulletin No. 12, 
1943; “Absenteeism," Ohio Studies in Per¬ 
sonnel No. 68, Ohio State University 
Bureau of Business Research, 1950; Edgar 
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5.2 APPRAISAL OF ItMPLOYEB MORALE 

Isolated evidences of the decline 

or lack of morale are obviously 
useful. Many employers, however, prefer 
a continuing, regular measure of em¬ 
ployee morale. In this positive and ex¬ 
ploratory approach, attempts are made 
to note changes in employee attitudes 
and to provide a basis for action that 
will improve morale and maintain it on 
a high level. 

5.2.1 Morale interviews. Currently, 
many managements conduct—usually 
through the employment relations staff 
—regular interviews with employees to 
keep themselves advised on prevailing 
levels of morale and on sources of irrita¬ 
tion and dissatisfaction. Exit inter¬ 
views, for example, may disclose situa- 
tion.s in which the concern compares 
unfavorably with competing employ¬ 
ment and may indicate serious sources of 
irritation among employees. 

Major dependence, however, is placed 
on frequent and regular interviews with 
employees and supervisors. In these 
visits the interviewer encourages the em¬ 
ployee to speak frankly about his job, 
his suiiervisors, his fellow employees, and 
any or all conditions affecting his em¬ 
ployment. He is assuied that what he 
says will not be recorded and that con¬ 
fidences will not be violated. The inter¬ 
viewer does not subsequently quote the 
interviewee on any of his suggestions for 
change. Morale interviews are essentially 

L. Warren, “Thirty-six Years of National 
Emergency Strikes,” Industrial and Labor 
Relations Review, Vol. 5, No. 1, October 
1951, 3-19; Robert D. Loken, “Why They 
Quit,” University of Illinois College of 
Commerce and Business Administration, 
1951; Bernard J. Covner and Max Smith, 
“Times Absent vs. Days Absent as a 
Measure of Absenteeism,” Personnel, Vol. 
28, No. 1, July 1951, 23-27; Thomas C. 
Kent, “A Plan for Reducing Absenteeism,” 
Personnel Journal, Vol. 30, No. 3, July- 
August 1951, 91-93; Willard A. Kerr, 
George J. Koppelmeier, and James T. Sulli 
van, “Absenteeism, Turnover, and Morale 
in a Metals Fabrication Factory,” Occu¬ 
pational Psychology, Vol. 25, No. 1, Janu¬ 
ary 1951, 50-55. 
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Yofii'r, Personnel Manai/ement and Industrial Relations, 
p. 472. 


FIG. 4.27 ANALYSIS OF HOURLY OUTPUT TO DIS¬ 
COVER CHANGES IN DLSTRIBUTION. 


unguided, although the interviewer may 
seek from time to time to focus atten¬ 
tion on particular changes, arrange¬ 
ments, and problems. But for the most 
part, the interviewee is encouraged to 
talk about whatever interests him. 

Since morale interviews are time-con¬ 
suming, individual employees take part 
in them only infrequently. Because time 
is lost from work, these interviews may 
create administrative problems. They are 
highly personalized, since they are in¬ 
fluenced by the individual characteristics 
of both the interviewer and the inter¬ 
viewee. Further, the comments of the 
employee may lose much of their signifi¬ 
cance when reported out of context. 
Similarly, the point of view of the inter¬ 
viewer may affect his interpretation of 
the employee’s remarks. The results of 
morale interviws cannei be readily quan¬ 
tified and compared with results ob¬ 
tained at another time or in another 
setting. One interviewer’s reports are not 
readily combined with another’s. Only 
the most striking observations stand out 
in any generalizations based on the inter¬ 
views; minor comments are lost. 

5.2.2 Attitude surveys. Attitude sur¬ 


veys are made by means of oral or 
written questionnaires that cover a wide 
range of working conditions. Analysis of 
employees’ replies provides a guide to 
general levels of morale as well as more 
specific indications of likes and dislikes. 

Specific surveys may pinpoint certain 
conditions and situations. The attitude 
scale developed and used by the Uni¬ 
versity of Minnesota Industrial Rela¬ 
tions Center in its Triple Audit, for 
example, provides a general measure of 
morale for rank-and-file employees, plus 
measures or subscales in eight specific 
areas. Attitudes toward the employment 
situation as a whole are appraised, and 
a more sharply focused analysis discloses 
attitudes toward the firm or agency as 
an employer, in-plant communications, 
hours and pay, other working conditions, 
fellow employees, supervisors, types of 
work, and the union or unions of which 
employees are members. 

5.2.2.1 Coverage—subject matter. 
Possible areas that may be covered in 
surveys are numerous. Benge has sug¬ 
gested some 40 specific items associated 
with attitudes toward the job, the super¬ 
visor, the management, and the com- 
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pany * Valuable suggestions on areas to 
be covered may be secured from super¬ 
visors, from exit and counseling inter¬ 
views, from the suggestion system, and 
from other attitude surveys. 

The decision on what the survey 
should cover depends principally on 
what is to be done with the results. Are 
they to be casually noted, or will they 
be analyzed in great detail? Will dis¬ 
closures from the survey be carefully 
considered as a basis for changing wages, 
hours, or other working conditions, for 
selecting or training supervisors, for im¬ 
proving employee handbooks, plant mag¬ 
azines, or other means of in-plant 
communication? Will the union or unions 
involved be given an analysis of em¬ 
ployee attitudes toward union programs 
and activities? 

5.2.2.2 Administration and analysis. 

Many managements conduct regular 
polls of employee attitudes, usually at 
six-month or annual intervals. Others 
employ outside consulting firms to con¬ 
duct periodic surveys. Still others ar¬ 
range for colleges and universities to 
manage surveys and to analyze results. 

The question of sponsorship and ad¬ 
ministration has special importance, 
since employees may not exjiress them¬ 
selves frankly if their replies are to be 
analyzed by the firm’s industrial rela¬ 
tions staff. Even if questionnaires are 
unsigned, employees may fear that 
blanks have been coded or otherwise 
identified and that criticism may result 
in retaliation. For this reason, outside 
sponsorship by an agency in w'hich em¬ 
ployees have full confidence is regarded 
as highly important. 

5.2.2.3 Method of distribution. Atti¬ 
tude questionnaires may be mailed to 
employees in their homes, or distributed 
with pay checks, or the employees may 
be called together and asked to fill out 
the questionnaires on company time. The 
method of distribution depends in part 
on the location of the plant or plants 
and on the number of employees to be 

* Eugene J. Benge, How To Make a 
Morale Survey (Deep River, Conn.: Na¬ 
tional Foremen’s Institute, 1941). 


included in the survey. Group meetings 
have several advantages. When employ¬ 
ees are surrounded by others who are 
filling out questionnaires, they are en¬ 
couraged to participate freely. Since the 
setting reminds many employees of a 
schoolroom, and the questionnaire sug¬ 
gests a test, they strive to do well on 
it. Also, in group meetings, representa¬ 
tives of the sponsoring agency can an¬ 
swer questions. If certain items or 
instructions are not clear, participants 
can ask for and obtain help. Finally, in 
group administration, employees can be 
given repeated assurances that their 
questionnaires will be kept confidential 
and w'ill be seen only by an outside 
agency. 

In contrast, when questionnaires are 
sent to the homes of employees, no 
informal advice can be given. Further, 
there may be some question about whose 
attitudes are recorded, since the items 
may be discussed extensively in the 
home. If questionnaires are not returned 
promptly, only a general reminder can 
be sent out, since the lack of signatures 
makes it impossible to identify those 
who have not replied. 

5.2.2.4 Identification of returns. Al¬ 
though anonymity makes for frank an¬ 
swers, it also makes analysis of results 
more difficult. Con.sequently, some iden¬ 
tification of the questionnaires is essen¬ 
tial, particularly in medium-sized and 
large organizations. Interdepartmental 
comparisons can be made only if the 
departments are identified. Differences 
in the problems disclosed from one de¬ 
partment to another—for example, dif¬ 
ferent reactions to supervisors—may be 
among the most valuable findings of the 
survey. Many other types of highly sig¬ 
nificant analysis may depend on ade¬ 
quate identification. For example, atti¬ 
tudes may be compared on the basis of 
length of service, sex, education, marital 
status, number of dependents, union 
membership, level of wages, and other 
personal factors. Such analysis depends 
on at least limited identification. 

5.2.2.5 Attitude scales. The question¬ 
naires used in morale surveys may be 
either tailor-made for the individual 
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firm, or they may be designed for use in 
various situations. Most of the scales 
used by individual firms appear to have 
been built up of questions selected from 
other scales. Lack of standardization 
limits the value of such scales. Without 
average scores or norms, results must be 
interpreted on an ad hoc basis. Useful 
comparisons are limited to periodic and 
interdepartmental similarities and differ¬ 
ences. This situation is improving as a 
few scales are being applied to many 
firms in a wide range of industries, so 
that generalizations as to what may be 
regarded as average, high, and low scores 
can be made. 

The questions used in attitude scales 
should be, framed in simple language and 
should be phrased in such a way that 
the an-swers can be evaluated or scored. 
“Open-end" questions are sometimes 
used, but they may create serious prob¬ 
lems when results are compiled. Some 
scales are made up of direct questions, 
with blank spaces for positive or nega¬ 
tive answers, as in the following: 

Yes No 

_Are promotions fair in this 

company? 

_Do employees here get a 

fair day’s pay for a day’s 
work? 

_Do you use the highest 

level of your skill in your 
job? 

__ Are the production stand¬ 
ards fair in your depart¬ 
ment? 

_Would you stay here if you 

could get as much pay else¬ 
where? 

-Are employee suggestions 

handled fairly? 

Multiple-choice questions are more 
common. In most of them, possible an¬ 
swers pennit employees to express de¬ 
grees of opinions ranging from a strong 
positive to a strong negative, as is illus¬ 
trated by the following sample ques¬ 
tions : 

The organization and planning of work 
in my department is 

(!) excellent (2) good (3) fair (4) 
poor (5) v'-ry poor 


[SJI.2.6 

My supervisor’s understanding of all the 
work that is done in our department is 
(1) excellent (2) good (3) fair (4) 
poor (5) very poor 

The general reputation of the company 
in the community is 

(1) excellent (2) good (3) fair (4) poor 
(5) very poor 

All in all, as a place to work this com¬ 
pany is 

(1) excellent (2) good (3) fair (4) 
poor (5) very poor 

The people who direct my work tell me 
whether my work is satisfactory or not 
(1) alway.s (2) usually (3) sometimes 
(4) rarely (5) never 
My supervisor i.s slow to take care of 
complaints presented to him by em¬ 
ployees 

(1) alway.s (2) u.sually (3) sometimes 
(4) raiely (5) never 
My present work suits my particular 
interests and talents better than any 
other job I know of. 

(1) strongly agree (2) agree (3) unde¬ 
cided (4) disagree (5) strongly disagree 
The Company treats its employees bet¬ 
ter than most other companies I know. 
(1) strongly agree (2) agree (3) un¬ 
decided (4) disagree (5) strongly dis¬ 
agree* 

5.2.2.6 Opinions and information. 

MoMurry has distinguished two types of 
polling procedure. In one, steps are taken 
to discover the opinions of employees. 
The other seeks information. He de¬ 
scribes the two as follows: 

"Formal measures of moral include, 
first, those specifically established by 
management to obtain static or con¬ 
tinuing cross section of employee atti¬ 
tudes. Two methods are now being used 
by industry to arrive at such a static 
cross section. The first is the employee 
opinion poll. Here a senes of multiple- 
answer type questions is submitted to 


* For greater detail, see Benge, How To 
Make a Morale Survey; James C. Worthy, 
“Discovering and Evaluating Employee 
Attitudes,’’ American Management Associ¬ 
ation, Personnel Series No. US, 1947, 
13-22; “Experience with Employee Atti¬ 
tude Surveys," National Industrial Confer¬ 
ence Board, Studies in Personnel Policy 
No. 116, April 19.51. 
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the employee who is asked to check the 
answer which most nearly expresses his 
opinion (e.g., he is asked to indicate 
whether his working conditions are ‘very 
satisfactory/ ‘all right,’ ‘somewliat un¬ 
satisfactory,’ or ‘very unsatisfactory’). 
These questions cover such subjects as 
working conditions, supervision, man¬ 
agement policies, employee services, 
rates of compensation, and attitudes 
toward the personalities and competence 
of top management. No writing is re¬ 
quired. The employee simply makes a 
check mark opposite the appropriate re¬ 
sponse to each que.stion. He is not 
a.sked to sign the questionnaire or 
identify himself in any manner. In this 
w'ay the identity of each person taking 
the poll is completely protected. The 
completed forms are placed in a ballot 
box and not less than ten ballots go in 
any one box. Polls of this nature are 
usually conducted once every one or two 
years. 

“The employee information poll pro¬ 
vides a second and less direct method by 
which a measure of employee morale is 
obtained. Here the multiple-choice ques¬ 
tion i.s used to determine what the em¬ 
ployee believes about the company’s 
owner.ship, its profits, its history, its 
product, and what he knows about its 
employee services, benefits, etc. The im¬ 
mediate puriio.se, as (he name irniilies, 
is to check how much the employees ac¬ 
tually know about the comiviny. Its 
importance as a measure of morale lies 
in the number and nature of the mis¬ 
conceptions it reveals. A poll of this sort 
should be conducted periodically to be 
sure that the resultant cross section in¬ 
cludes new employees. It provides a 
reliable check on the effect]vene.ss of 
downward communication between em¬ 
ployees and management.’’* 

5.2.2.7 Improvement and maintenance 
of morale. To iiiijirove morale and to 
maintain it at high levels, employers 

♦ Robert N. McMurry, “The Measure¬ 
ment of Employee Morale.” Sixlh Annual 
Induslrinl Relations Conference, Univer¬ 
sity of Minnesota Center for Continuation 
Study, and Industrial Relations Center, 
1948, 39-41. Reprinted by permission. 


undertake a variety of programs. Each 
program is based on a careful considera¬ 
tion of all the indicators of dissatisfac¬ 
tion and on a determined effort to .secure 
frequent measures of morale. Further 
steps may be designed to eliminate 
sources of dissatisfaction and to create 
a sound basis for high morale. 

McMurry has outlined a number of 
steps designed to improve morale. They 
include the following: 

1. As a first step, it (the management) 
can insure proper selection and place¬ 
ment of employees. ... 

2. It can e&tabli.sh clear channels of 
communication upward. . . . 

3. It can inaugurate a policy of 
pronifit and siiecific action on its own 
iniUative, to correct, wherever possible, 
any conditions which give employees 
legitimate grounds for complaint. . . . 

4. It can establish clear channels of 
communication dowmeard. . . . 

5. It can estabh.«h channels for lateral 
(intra- and interdepartmental) com- 
munieation. . . . 

6. It can introduce a program of ex¬ 
ecutive and employee counseling which 
utilizes the precinct captain approach 
to insure the acceptance of management 
by the worker.* 

5.3 IN-PLANT COMMUNICATION 

Problems of motivation and mo¬ 
rale are inevitably tied up with 
the related problem of in-plant com¬ 
munication. (Communication failures and 
inadequacies are widely believed to be 
close to the heart of motivation prob¬ 
lems. Failure to communicate downward 
and laterally results in misunderstand¬ 
ings and conflicts. Inadequate upward 
communication allows management to 
ignore justifiable complaints and criti- 
ci.^'-ms and leads to the accumulation of 
fru.-trations and grievances. Current 

♦Robcit N. McMurry, “Techniques of 
Improving Morale,” Sixth Annual Indus- 
Inul Relnlion.'i Conjeieme, Univcisity of 
Minnesota Center for Continuation Study, 
and Indu.siriai Relations Center, 1948, 
49-53. Reprinted by permission. 
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practice, insofar as it has taken account 
of these relationships, concludes that in- 
plant communication should be three- 
way : upward, downward, and across the 
lines of the organization. 

5.3.1 Communications media. Princi¬ 
pal formal in-plant communications 
media include: 

Downward lines: 

Orientation materials 
Handbooks and manuals 
Bulletin boards and posters 
Employee magazines and newspapers 
Blaancial reports to employees 
Letters to employees 
Pay checks and inserts 
Newspaper advertisements 
Various audio-visual aids—movies, 
sound-slides, public address 

Upward lines: 

Suggestion systems 
Campaigns and contests 
Employee committee systems 
Letters to the editor 
Union publications 

Lateral lines: 

Departmental and foremen’s meetings 
and conferences 
Plant bulletins and magazines* 
Collective agreements 

* For detailed discussions of these media, 
see Yoder, Personnel Principles and Poli¬ 
cies, Chapter 22; Peter F. Drucker. “Com¬ 
munications—What Are Employees Really 
Interested In?” Advanced Mnnngemenl, 
Vol. 16, No. 2, February 1951, 7-9; Alex¬ 
ander R. Heron, Sharing Information ivilh 
Employees (Stanford, California- Stanford 
University Press, 1942), p. 97; Roger M. 
Bellows, Psychology of Personnel in Busi¬ 
ness and Industry (New York: Prentice- 
Hall, Inc., 1949), pp. 337-338; Robert 
Newcomb and Margaret Sammons, “Effec¬ 
tive Plant Bulletin Boards,” Industrial 
Marketing, Vol. 33, August 1948, 42-43; 
“Employee Publications,” National Indus¬ 
trial Conference Board, Studies in Person¬ 
nel Policy No. SI, 1<'42; “Employee 
Magazines,” Metropolitan Life Insurance 
Company, 1944; Robert D. Breth 'Trends 
in the Employee Publications Field,” Per¬ 
sonnel, Vol. 26, No. 6, May 1948, 413-416; 
Ten Commandments for a House Organ 
(New York: Labor Relations Institute, 
1951); Harriet O. Ronken, “Communica¬ 
tion in the Work Group,” Harvard Busin 
ness Review, Vol. 29, No. 4, July 1951, 


5.3.2 Readability problems. One of 

the reasons why oral communications are 
widely preferred is that much of the 
written material prepared for in-plant 
communication is uninteresting and hard 
to read. Farr, Paterson, and Stone report 
that 25 management publications (prin¬ 
cipally employee handbooks) studied 
were on the average “fairly difficult,” 
and that 25 union publications studied 
were “difficult,” i.e., harder to read than 
the management media.* In terms of 
interest, they found that the manage¬ 
ment publications scored “mildly inter¬ 
esting,” while the union publications 
scored “dull.” t 

5.3.3 Auditing communications. In 

spite of these shortcomings, it is still 
widely assumed that wTitten media for 
in-plant communication are effective. 
Numerous studies have indicated the 
fallacy of such an assumption. Actually, 
one of the most important functions of 
the employment relations staff is the 
continued auditing of all phases of man¬ 
power management, including in-plant 
communications. Standard tests of read¬ 
ability and interest are now available 
and may be applied to all types of 
written communications. Communica¬ 
tions “scales” that seek to evaluate the 
over-all effectiveness of all types of 
media as well as of specific devices are 
now in the experimental stage. The 

109-114; Helen B:iker and John M. True , 
“Transmitting Information Through Man¬ 
agement and Union Channels,” Industrial 
Relations Section, Princeton University, 
1949. 

♦James N. Farr, Donald G. Paterson, 
and C. Harold Stone, “Readability and 
Human Interest of Management and Union 
Publications,” Reprint Series No. 7, Uni- 
voristy of Minnesota, Industrial Relations 
Center, 1950. Reprinted by permission 
from Industrial and Labor Relations Re¬ 
view, Vol. 4, No. 1, October 1950, 88-91. 

t See also Donald G. Paterfson and James 
J. Jenkins, “Communication Between Man¬ 
agement and Workers,” Journal of Applied 
Psychology, Vol. 32, No. 1, February 1948. 
71-80; Donald G, Paterson, “Development 
of a General Information Sheet for Po¬ 
tential Applicants,” Personnel, March 1948, 
317-320. 
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auditing process should probably give, 
as careful scrutiny to basic communica¬ 
tions policy—the objectives of commu¬ 
nications—as to the effectiveness of 
media.* 


5.4 EMPLOYEE BENEFITS AND SERVICES 

Among the most common of the 

positive programs undertaken by 
employers to encourage enthusiastic em¬ 
ployee participation are those that seek 
to provide special benefits and services. 
Originally, most of these provisions were 
created by unilateral employer action. 
Since the beginnings of workmen’s com¬ 
pensation and social security, however, 
more and more public provisions have 
appeared. Also, with the growth of col¬ 
lective bargaining, many of these services 
have been brought within the scope of 
combined union-management sponsor¬ 
ship and administration. 

Earlier, unilaterally sponsored bene¬ 
fits often sought to impress employees 
with the paternalism of employers and 
were an expression of middle-class hu- 
manitarianism. On- that basis, they were 
of doubtful effectiveness in creating or 
maintaining high morale. More recently, 
these provisions have come to be re¬ 
garded as perquisites of the job and 
added assurances of employee security. 
As such, although the evidence is by 
no means clear, they are generally as¬ 
sumed to relieve employees of much 
worry and concern and thus ro encour- 

♦See “Checking the Effectivene.ss of 
Employee Communications,” American 
Management Association, Personnel Series 
No. lOH, 1947; Eileen Ahern, “Spotlight 
on an Unsolved Problem—Communica- 
lion,” Personnel Journal, Vol. 29, No. 8, 
January 1951, 306-307; Jeanne Lauer and 
Donald G. Paterson, “Readability of Union 
Contracts,” Personnel, Vol. 28, No. 1, July 
1951, 36-40; E. G. Knauft, “Measured 
Changes in Acceptance of an Employee 
Publication,” Journal of Applied Psychol¬ 
ogy, Vol. 35, No. 3, June 1951, 151-156; 
Alex Bavelas and Dermot Barrett, “An 
Experimental Approach to Organizational 
Communication,” Personnel, Vol. 27, No. 5, 
March 1951 366-371. 
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age fuller and freer interest in the job. 

5.4.1 Types of services and benefits. 

The range and variety of specific benefits 
are very wide. Some of them represent 
adjustments or conveniences in working 
arrangements, such as special leave for 
shopping (for women employees with 
family responsibilities) and variations in 
working hours to look after children who 
spend the day m nurseries and kinder¬ 
gartens. Other arrangements are de¬ 
signed to encourage employee participa¬ 
tion in such community activities as 
Red Cross and community chest cam¬ 
paigns. Sometimes employee publications 
and training programs (especially those 
that allow employees to attend classes in 
colleges, high schools, and vocational 
schools) are regarded as services. Other 
principal types of emjiloyee services may 
be outlined as follows: 

1. Health services: 

Physical examinations 
Plant medical, dental, and optical 
services 

Plant nur.sing services 
Paid sick benefits 
Sickness leave 
Hospitalization 
Dietetic advice and training 

2. Other professional services: 

Uegal aid 

Recreational direction 
Coun.se ling 

3. Financial services: 

In.«urance (group life, health, acci¬ 
dent, disability) 

Savings associations (credit unions, 
loan funds, and other similar pro¬ 
visions) 

Housing aid 
Transportation facilities 
Group purchasing arrangements 
In-plant feeding services 
Company stores 
Pensions* 

5.4.2 Safety and health. Although the 
safety program in modern industry pro- 


♦ Sec also Hubbard C. Capes, “Personnel 
Practices as Related to Company Size,” 
Personnel, Vol. 27, No. 2, September 1950, 
121; also Robert D. Gray and Staff, “Sur¬ 
vey of Selected Personnel Practices,” 
Industrial Relations Section, California 
Institute of Technology, 1949. 
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vides numerous services, it is seldom 
regarded by either employers or em¬ 
ployees as a service or benefit. 

I^owles and Thomson have outlined 
the functions of the industrial health 
program as follows: 

“1. Determine the physical and men¬ 
tal fitness of employees. 

2. Maintain a healthy and efficient 
working force. 

3. Conduct health education inside the 
plant and in the worker’s home. 

4. Keep records of health and acci¬ 
dents of persons (requiring medical at¬ 
tention) in the employ of the company. 

6. Reduce lost time of absenteeism 
caused by illness. 

These functions should be achieved 
by means of providing the following 
services: 

1. Prehiring examinations and periodic 
re-examinations for all employees. 

2. Correction of physical defects of 
employees found upon examination. 

3. First aid for accidents. 

4. Control of occupational health 
hazards. 

5. Provision of adequate emergency 
dispensaries and hospital facilities. 

6. Supervision of sanitary facilities, 
lunch rooms, and drinking water. 

7. Cooperation with family physicians, 
local hospitals, and clinics as well as 
specialists. 

8. Giving special examinations when 
needed, such as eyes, ears and teeth, 
mental tests. 

9. Group plans of insurance for hospi¬ 
tal and medical service and rendering 
advice for assistance in securing compe¬ 
tent hospital care.”* 

Organization of medical and safety 
departments must be adapted to the size 
of the firm and to the nature of its ac¬ 
tivities, as must the professional staff t 
(See Sections 11 and 12.) 

* Asa S. Knowles and Robert D. Thom¬ 
son, Mamgement of Manpower (New 
York: The Macmili^ Company, 1943), 
pp. 46-46. Reprinted by permission. 

t See also Management Almanac, 1946, 
p. 175; Industrial Relations Counselors, 
Indualrtal Relations Memo J^o. 91, New 
York, 1947; ‘*Corapany Medical and Health 


Health programs presently include 
much more than medical and nursing 
service and appropriate facilities. They 
frequently arrange for hospitalization of 
employees (and sometimes their fami¬ 
lies), surgical benefits, outside medical 
care, cash aid in sickness, and sick leave. 
How widespread these provisions have 
become may be judged from a survey 
made in 1950 that covered almost 7,(XW 
firms in 12 metropolitan areas. More 
than three-fourths (75.7 per cent) of 
these firms reported hospitalization 
plans, almost half (46.7 per cent) had 
surgical benefits, 12.7 per cent reported 
prepaid medical care, 27.9 per cent main¬ 
tained an organized plan for cash sick¬ 
ness benefits, and 40.7 per cent provided 
paid sick-leave.* 

5.4.2.1 Disability benefits. Since 1942, 
public provision has been made to allevi¬ 
ate problems of accident and illness. 
Laws in several states now provide dis¬ 
ability benefits. The first of these laws 


Programs,” National Industrial Confer¬ 
ence Board, Studies in Personnel Policy 
No. 96, 1948; C. O. Sappmgton, “Industrial 
Health Department Functions and Rela¬ 
tionships,” Industrial Hygiene Foundation, 
Medical Series Bulletin No. 8, Pittsburgh, 
1948; Bernhard J. Stern, Medicine in In¬ 
dustry (New York: The Commonwealth 
Fund, 1946); “Industrial- Medical Service 
—For the Smaller Plants,” Industrial 
Medicine, Vol. 15, No. 3, March 1946, 
192 ff; Joanna M. Johnson, “The Role of 
the Nurse in Plant Safety and Health,” 
Industrial Relations, Vol. 5, No. 1, May 
1947, 22ff; F. M. R. Bulmer and G. R. 
McCall, “How the Employer May Evalu¬ 
ate His Medical Service,” Industrial Medi¬ 
cine, Vol. 14, No. 10, October 1945, 787 ff. 

♦See Bethel J. McGrath, Nursing in 
Commerce and Industry (New York: The 
Commonwealth Fund, 1946); “Employee 
Benefit Plans,” Research Council for Eco¬ 
nomic Security, Publication No. 69, May 
1950; “Trends in Employee Health and 
Pension Plans,” American Management 
Association, Personnel Series No. IIS, 
1948; N.A.M. Industrial Relations Depart¬ 
ment release on “Health and Welfare 
Plans," December 20, 1946; for an ex¬ 
cellent example of such plans, see “Shell 
Disability Benefit Plan Regulations,” Shell 
Oil Company, January 1, 1950. 
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was enacted by Rhode Island in 1942. 
That law requires employers in specified 
industries to participate in a state fund 
providing weekly sick benefits. Employ¬ 
ees also contribute to the fund, at the 
rate of lYz per cent of earnings. Benefits 
range from $10 to $20 a week. California 
(1946), New Jersey (1948), New York 
(1949), and Washington (1949) have 
provided similar benefits.* 

5.4.3 Legal aid. A survey in 1948 
found that only 17.7 per cent of some 
834 firms regularly provided legal serv¬ 
ices for both hourly-rated and salaried 
employees. Such services are more fre¬ 
quently provided for salaried than for 
hourly-rated employees. Three types of 
arrangement are found: (1) services pro¬ 
vided by the firm’s legal department, 
(2) services made available to employees 
by “outside” attorneys retained by the 
employer, (3) “outside” legal services 
authorized by the personnel or industrial 
relations department. The first arrange¬ 
ment is the most common. 

Such legal aid seeks, for the most part, 
to assist employees in solving personal 
problems. It is informal rather than 
formal; the services do not usually ex¬ 
tend to filing suits, representing the em¬ 
ployee in extended court proceedings, or 
drafting lengthy legal papers. Rather, 
they provide advice for employees on 
questions of income-tax returns, real- 
estate transactions, wills, installment- 
purchase contracts, naturalization proce¬ 
dures, settlement of personal claims, 
family difficulties, and minor traffic and 
other offenses. 

5.4.4 Counseling. Services performed 


* For greater detail, see “New Jersey 
Disability Insurance Program,” Washing¬ 
ton, D. C.: Department of Labor, Bureau 
of Employment Security, October 1960; 
“Compulsory Sickness Compensation for 
New York State,” National Industrial Con¬ 
ference Board, 1947; “Temporary Disa¬ 
bility Insurance—Why Coordinate with 
Unemployment Insurance?” Bureau of 
Employment Security, U. S. Department 
of Labor, April 1951; Domenico Gagliardo, 
American Social Insurance (New York: 
Harper and Brothers, 1949), Part V. 


by counselors have been described as 
follows: 

“Functions of the Counselor 

1. In relation to workers 

a) Inform workers about services and 
facilities available to them in the plant 
or community (such as day care centers, 
savings and loan funds, rationing boards, 
housing centers, recreation departments, 
and social service agencies). 

b) Help workers with personal prob¬ 
lems which originate outside the plant 
and which affect their well-being and 
productivity on the job (arrangements 
for day care of children, transportation 
and shopping, housing, medical care, and 
other domestic and financial problems). 

c) Help workers with personal diffi- 
cultie.s which cause ‘job problems’ (such 
as need to work on a different shift be¬ 
cause of home responsibilities; lack of 
acceptance by his supervisor or fellow 
workers because of factors such as race, 
nationality, or personal habits). 

2. In relation to stewards, foremen and 
other management representatives 

a) Encourage and participate in pro¬ 
grams which train stewards and foremen 
in ‘human relations.’ 

b) Interpret the effect of production 
and employment policies on the worker’s 
personal and family life, and the rela¬ 
tionship between personal problems and 
job performances. 

c) Inform management of physical 
conditions within the plant that can be 
corrected to improve the efficiency and 
well-being of workers. 

d) Upon request, discuss with stew¬ 
ards and foremen the handling of em¬ 
ployee ‘job problems’ affected by personal 
factors. 

e) Upon request advise with stewards 
and foremen on leaves of absence, trans¬ 
fers, and granting of certificates of avail¬ 
ability requested for personal reasons 
only. 

f) Offer the services of the counselors 
to other in-plant departments (such as 
medical and safety) in giving workers 
supplementary interpretation of health 
and safety measures. 
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3. General 

a) Keep in touch with community 
agencies to obtain information about 
existing community resources and to 
interpret the needs of workers. 

b) Promote joint action of commu¬ 
nity, labor, and management groups to 
secure needed community facilities and 
services. 

The effectiveness of the counseling 
service depends largely upon the quality 
of its direction. The head counselor 
should (1) plan the program in cooper¬ 
ation with those initiating and sponsor¬ 
ing it, (2) carry out its objectives 
through supervision and training of 
counselors and maintenance of relation¬ 
ships with community agencies, (3) re¬ 
port to the sponsoring group, (4) 
interpret the problem of workers and the 
needs of the service to in-plant and 
community groups, and (5) help in 
forming and modifying personnel policies 
on the basis of experience with the oper¬ 
ation of the counseling service.” * 

5.4.5 Recreational services. Recrea- 

* A Guide for Estahliahment and Oper¬ 
ation of In-Plant and Communify Infor¬ 
mation and Counseling Services for 
Workers (Washington, D. C.: Federal 
Security Agency, Office of Community 
War Services, Coun.scling Committee, 
1944), 2-6. See also The Employee 
Counselor in Industry (New York: Metro¬ 
politan Life Insurance Company, 1943); 
Henry Eilbert, “Management Policy As¬ 
pects of Employee Counseling,” Personnel, 
Vol. 27, No. 6, May 1951, 519-523; Paul S. 
Burnham and Stuart H. Palmer, Counsel¬ 
ing in Personnel Work: An Annotated 
Bibliography (Chicago; Public Adminis¬ 
tration Seivice, 1951); Earl M. Bowler and 
Frances Trigg Dawson, Counseling Em¬ 
ployees (New York; Prentice-Hall, Inc., 
1948); Dugald S. Arbuckle and Thomas 
Gordon, Industrial Counseling (Boston: 
Bellman Publishing Co., 1949); X. Kraus, 
“Some Recent Trends in Employment 
Counseling,” Personnel Administration, 
Vol. 9, No. 6, May 1947, 29-31; Nathanial 
Cantor, Employee Counseling (New York: 
McGraw-Hill Book Co., Inc., 1945); Rob¬ 
ert N. McMurry, Handling Personality 
Adjustment in Industry (Chicago: Central 
Y.M.C.A, University, 1944). 
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tional activities are generally of three 
major types: 

1. Physical or athletic, including bowl¬ 
ing, basketball, baseball, softball, golf, 
tennis, horseshoes, table tennis, volley¬ 
ball, badminton, archery, hiking, shuffle- 
board, and similar sports and games. 

2. ^cial, including such games as 
checkers, chess, bridge, and dominoes, 
together with dancing, picnics, smokers, 
and similar affairs. 

3. Cultural, including avocations and 
hobbies, such as crafts, gardening, music, 
choral singing, orchestras, the arts, 
painting, sculpture, photography, dra¬ 
matics, and similar activities. 

Facilities for these activities are fre¬ 
quently provided by employers, although 
they may be supported in part by em¬ 
ployee membership fees or, much more 
frequently, by profits from soft-drink 
machines, snack bars, and similar vend¬ 
ing equipment. If professional services 
are available, they are usually provided 
by the employer. Special* university 
training for industrial recreational direc¬ 
tors is now available.* 

Duggins and Eastwood have outlined 
the major criteria for evaluating recrea¬ 
tional programs. They list the following: 

“1. Provide equality of opportunity 
for all. . . . 

2. Provide a wide range of individual 
choices in different types of activi¬ 
ties. . . . 

3. Continue throughout the year. . . . 

4. Provide equally for both sexes... . 

5. Encourage family recreation. . . . 

6. Utilize fully all existing facili¬ 
ties. . . . 

7. Include passive as well as active 
forms of recreation. . . . 

8. Provide activities for different pe¬ 
riods of free time. . . . 

9. Be related to other programs in 
the city. . . . 

10. Offer possibilities for varying de- 

* For greater detail, see Leonard J. Diehl 
and Floyd R. Eastwood, Industrial Recrea¬ 
tion—Its Development and Present Status 
(Lafayette, Indiana: Purdue University, 
1945); “Employee Recreation Activities,” 
National Industrial Conference Board, 
1949. 
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greea of skill, aptitudes, and capaci¬ 
ties. . . . 

11. Encourage individuals and groups 
to provide their own activities. . . . 

12. Furnish outlets for the satisfaction 
of the desire for social relationships. . . . 

13. Recognize the different tastes and 
interests of the individual. . . , 

14. Give people who participate a 
share in the planning and control. . . . 

15. Place recreation opportunities 
within the financial abilities of all the 
people. . . . 

16. Make possible the wisest use of 
available funds. . . . 

17. Provide outlets for creative ex¬ 
pression. . . . 

18. Assure safe and healthful condi¬ 
tions for recreation activity. . . . 

19. Afford opportunities for develop¬ 
ing good citizenship. ...” * 

5.4.6 insurance programs. Group in- 
.surance represents a benefit that has long 
offered distinct advantages over personal 
in.surance held by the individual em¬ 
ployee. Insurance costs can be greatly 
reduced by “blanket” or group policies. 
Costs of selling and administering group 
insurance are much lower than for 
handling the same number of individual 
policie.s. More than 18 million employees 
are presently covered by almost 50,000 
master contracts. The average amount of 
protection is $2,000. 

Current group insurance programs 
provide several types of policies, of 
which the most important are “life” 
insurance (death benefits), accidental 
death and disability, hospital expense, 
surgical benefits, medical costs, and an¬ 
nuities. Usual provisions allow an em¬ 
ployee to convert his policy to any 
standard form if he resigns. Benefits may 
be uniform for all employees or may be 
graduated according to earnings or 
length of service. Employees usually be¬ 
come eligible to participate after a short 
period of service. Coverage is provided 

* G. Herbert Duggins and Floyd R. 
Eastwood, Planning Industrial Recreation 
(Lafayette, Indiana: Purdue University, 
Division of Physical Education for Men, 
1941), 31-33. Reprinted by permission. 


without physical examination, and may 
be continued after retirement. Participa¬ 
tion may be optional or may be required 
of all eligible employees. 

Accidental death or sickness instirance 
provides protection against non-occupa- 
tiunal accidents and illness. It is 
designed to supplement workmen’s com¬ 
pensation. Supplementary benefits are 
generally stated as 50 per cent of usual 
wages or salaries, with specified maxima. 
Hospital, surgical, and medical benefit 
policies provide appropriate compensa¬ 
tion. 

Provision of group annuities leads 
these insurance provisions directly into 
the pension field. Group annuities pro¬ 
vide stated pension benefits for partici¬ 
pants, thus creating a pension supple¬ 
mentary to that which may be available 
through the federal social security pro¬ 
gram. 

Costs of insurance programs may be 
borne jointly by employers and em¬ 
ployees (“contributory” programs) or 
may be paid entirely by employers. 
Earlier programs were generally con¬ 
tributory, but in recent years many 
programs have been negotiated and are 
non-contributory. Costs vary according 
to the types of coverage provided and 
the ages of employees. Life insurance, 
with a normal age distribution of em¬ 
ployees, costs about $1 per $1,000 cover¬ 
age per month; accidental death and 
dismemberment about 10 cents; accident 
and sickness about 60 cents; hospital 
and surgical benefits about 50 cents. An¬ 
nuity costs vary directly with the ages 
of those for whom the benefits are pro¬ 
vided.* 

* For greater detail, see F. Beatrice 
Brower, “Group Accident and Sickness In¬ 
surance," Management Record, Vol, 12, 
No. 1. January 1950, 3; also her “Life 
Insurance for Retired Employees,” Man¬ 
agement Record, Vol. 12, No. 4, April 
1950. 130-131; “Company Group Insurance 
Flans,” National Industrial Conference 
Board, Studies m Personnel Policy No. 112, 
1951; for illustrative plans, see “Shell In¬ 
come Protection Insurance,” Shell Oil 
Company, 1951; Your Insurance (Grand 
Rapids, Michigan: American Seating Com¬ 
pany, 1950). 
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5.4.7 Savings, loans, and credit. Pro¬ 
vision may be made fear aiding employees 
to save and invest, through savings and 
loan associations, opportunities to pur¬ 
chase stock (both of the parent concern 
and of others), arrangements for financ¬ 
ing homes, and facilities for making 
smaller loans to employees. Advice and 
assistance may be given to employees 
who are seriously in debt. In some situ¬ 
ations, employees may form their own 
credit union, with or without the pro¬ 
vision of office space and clerical assist¬ 
ance by the employer. Credit unions are 
small-loan as.sociations, designed to ac¬ 
cept savings and to make small loans 
at low cost. Regulated by state and 
federal governments, some 5,000 state 
associations and 4,600 federal credit 
unions are active. More than four mil¬ 
lion employees are members. Loans 
amount to almost a billion dollars. Mem¬ 
bers must subscribe for at least one 
share of stock, usually at a par value 
of $5. Shares may be purchased on an 
installment basis. The maximum num¬ 
ber of shares held by an individual may 
be restricted. Funds thus provided are 
used in making loans to members, and 
earnings are distributed as dividends or 
are allowed to accumulate as surplus. 
These associations are in effect small 
banks and are subject to banking laws.* 

5.4.8 Other financial services. Numer¬ 
ous other services have been established, 
either unilaterally or by agreement with 
employees, to provide economies for em¬ 
ployees. No complete list is available, 
for the combinations and complexities 
of these devices are almost endless. 
Among the more common services of 
this type, however, are: 

5.4.8.1 Food services. In-plant cafe¬ 
terias and lunch rooms, combined with 
stationary and portable snack bars, 

'•‘See Arthur H. Hern and I<eonard G. 
Robinson, A Credit Union Primer (New 
York; Russell Sage Foundation, 1914); 
see also frequent reports on credit-union 
membership and financial statistics in the 
Monthly Labor Review; also Roy F. 
Bergengren, Credit Union—North America 
(Kingsport, Tenn.: Southern Publishers, 
1940). 
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lunch carts, and other similar arrange¬ 
ments, make it possible for employees 
to secure warm, nourishing food for one 
or more meals without leaving the 
premises. Such facilities may be managed 
directly by employers, by a committee or 
association of employees, or by an out¬ 
side agency under contract. They usually 
require substantial subsidization by the 
employer.* 

5.4.8.2 Cooperative purchasing. Em¬ 
ployees are frequently given opportuni¬ 
ties to save by purchasing products, 
materials, and services through the firm’s 
purchasing office. Such arrangements are 
becoming less common, in part because 
of opposition from local merchants and 
in part because of restrictions imposed 
by wholesalers and jobbers. On the other 
hand, the practice of allowing employees 
discounts on material purchased from 
the employer is well established, par¬ 
ticularly in retail stores and in manu¬ 
facturing concerns whose products are 
suitable for personal use. 

5.4.8.3 Transportation. In many cur¬ 
rent situations, employees use private 
automobiles to get to work. Under these 
conditions, parking may become a seri¬ 
ous problem. Provision of adequate, con¬ 
venient parking space is increasingly 
common. In addition, if plants are lo¬ 
cated outside city limits or if established 
streetcar and bus service is inadequate, 
employers have provided company 
busses. In other arrangements, working 
hours are staggered to reduce crowding 
on public transportation facilities, and 
employers provide assistance in organiz¬ 
ing car pools and similar cooperative 
transportation. 

* For details, see “Industrial Feedings: 
Luxury or Necessity?” Modem Industry, 
Vol. 16, December 1948, 54-56; Lunch¬ 
rooms for Employees (New York: Metro¬ 
politan Life Insurance Company, 1945); 
“The Feeding of War Workers” (Bibliogra¬ 
phy), Industrial Relations Section, Prince¬ 
ton IJniversity, March, 1943; “Nutritional 
Programs for Industrial Employees,” In¬ 
dustrial Relations Section, Princeton Uni¬ 
versity, December, 1942; “Setting up the 
Committee on Food,” Labor and Manage¬ 
ment News (War Production Board), May 
27, 1944. 
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5.4.8.4 Housing. Efforts have fre¬ 
quently been made to aid employees in 
building or buying homes. Building and 
loan associations have been sponsored 
for this purpose. In other situations, 
employers have sought to attract and 
hold employees by providing rental 
housing. Some concerns have developed 
entire conununities, building homes and 
renting them to employees. In some lo¬ 
calities no other housing is available to 
employees. Even when no homes are 
provided, a housing service may main¬ 
tain lists of homes for rent and for 
sal, and may aid employees in finding, 
renting, purchasing, and financing homes. 
Employees have sometimes regarded 
housing provisions as a means of spying 
on them. To reduce criticism and to im¬ 
prove acceptance by employees, hous¬ 
ing developments may be managed by 
a joint employer-employee committee. 
Housing may be financed directly by the 
employer, or he may guarantee or other¬ 
wise sponsor an arrangement with a 
local building and loan association. 


5.5 ECONOMIC SECURITY 

Numerous arrangements, both 

public and private, currently seek 
to provide greater economic security for 
employees and thus to free their minds 
from financial worry. All the employee 
services and benefits mentioned in the 
preceding section have that objective in 
the background. 

Principal hazards to economic security 
include: (1) incapacitation—disablement 
by accident or illness, with accompany¬ 
ing loss of employment and earnings; 
(2) old-age dependency—enforced re¬ 
tirement from the job without adequate 
means for support; and (3) unemploy¬ 
ment—loss of job and earnings. These 
categories are not entirely exclusive, 
since incapacitation may be caused by 
old age, and unemployment may reflect 
either old age or incapacity or both. 
And all three involve the hazard of 
losing a job and earnings. They are all 
job-connected or job-related insecurities. 

5.5.1 Health hazards. Principal safe¬ 


guards against economic insecurity re¬ 
sulting from incapacitation include 
health and welfare programs, workmen's 
compensation, and disability insurance. 
The first may be provided on a uni¬ 
lateral basis or by joint employer-union 
agreement as a benefit or service (Art. 
5.4.2). 

5.5.1.1 Workmen's compensation. 

Legislation providing for workmen’s 
compensation benefits covers various 
types of incapacitation. Protection may 
be limited to the results of accidents, or 
it may extend to what are regarded as 
work-connected disease and illness. 
“Schedule” coverage limits benefits to 
stated types of illness; “full” coverage 
allows benefits for all job-connected dis¬ 
ability. The provisions and variations in 
state legislation are indicated in Fig. 
4.28. 

Some states allow private insurance; 
others require insurance in public funds. 
Special provision is made for second 
injuries to employees by relieving em¬ 
ployers of the special financial obliga¬ 
tions arising out of such cumulative 
accident experience.* 

5.5.2 Old age. The hazard of depend¬ 
ency in old age has received widespread 
attention since public awareness of our 
aging population became general. The 
migration of older persons to various 
sections of the nation has caused special 
concern. The problem is complicated by 
the tendency to exclude older persons 
from the labor force. 

5.5.2.1 Public provisions. The 1935 
Federal Social Security Act, as amended, 
provides two types of help for older 
persons: (1) old-age assistance on the 

*ba.sis of need, and (2) pensions and 
benefits based on contributory participa- 


* See Tables of Working Life (Washing¬ 
ton, D. C.; Bureau of Labor Statistics, 
August, 1950); Frank S. McEIroy and 
Alexander Moros, “Illness Absenteeism in 
Manufacturing Plants, 1947,” Monthly 
Labor Review, Vol. 67, No. 3, September 
1948, 235-240; Accident Facts, published 
annually by the National Safety Council; 
Kollin H. Simonds, “Estimating Industrial 
Accident Cost,” Harvard Business Review, 
Vol. 29, No. 1, January 1951, 107-118 
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FIG. 4.28 OCCUPATIONAL DISEASE COVERAGE, BY 
STATES. 


tion in the plan. Financed by a special 
payroll tax, the pension program applies 
to both employees and self-employed, 
with stipulated exclusions. Benefits pro¬ 
tect survivors as well as covered em¬ 
ployees. 

5.5.2.2 Private plans. Private pensions 
may be provided by a plan initiated and 
maintained by an employer, or they may 
be established by collective bargaining. 
Employees may or may not be required 
to contribute to them. As the limits of 
public provisions have become more gen¬ 
erally recognized, demands for supple¬ 
mentary private pensions have increased. 
Employers may have contributed to 
these demands by iheir generous pro¬ 
vision of retirement idlowances to presi¬ 
dents, directors, managers, and others. 
Many negotiated pensions are now inte¬ 
grated with public provisions. They stip¬ 
ulate that private benefits shall be in 
an amount necessary to provide a speci¬ 
fied total. 

Sound policy for pension programs 
must be based on Treasury Department 


regulations. Treasury rules require, for 
example, that a plan must not discrimi¬ 
nate against any group of employees, 
and that benefits must be available to 
all on an equal and reasonable basis if 
contributions to these plans are to be 
eligible as tax deductions.* 

5.5.2.3 Compulsory retirement. Many 


*Sce Jule J. Justin, “Pension Plans— 
Check List for Administrators,’’ Harvard 
Busineas Review, Vol. 28, No. 6, November 
1950, 114-122; Carroll W. Boyce, How To 
Plan Pensions (New York: McGraw-Hill 
Book Company, Inc., 1950); Sumner 
Slichtcr, “Social and Economic Impact of 
the Pension Trend,” American Manage¬ 
ment Association, Personnel Scries No. 113, 
1950; Hugh O’Neill, Modern Pension Plans 
(New York; Prcntice-Hall, Inc., 1947); 
“Handbook on Pensions,” National Indus¬ 
trial Conference Board, Sltidies in Per¬ 
sonnel Policy No. 103, 1950; Edward L. 
Schwartz, “Pension and Retirement Pro¬ 
grams,” Labor Law Journal, Vol. 1, No. i, 
October 1949, 25-32. Pension and Profit 
Sharing Service, Prentice-Hall, Inc., 70 
Fifth Ave., New York. , 
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of the current pension provisions in pri¬ 
vate plans require that pensioners be 
retired. And the public program restricts 
amounts that may be earned by pen¬ 
sioners. The result is to encourage a 
waste of manpower that could, at least 
in part, pay its own way. Improvements 
in health have resulted not only in longer 
lives but in lesser incapacitation of older 
persons. 

A movement against compulsory re¬ 
tirement is in process. It seeks to 
encourage the continued active partici¬ 
pation of oldsters aiid thus to provide 
them with additional support. In essence, 
the movement seeks to assure that older 
persons will not retain control of policy¬ 
making functions or hold jobs that they 
cannot perform efficiently, but that they 
will be permitted to work so long as 
use can be made of their services. 

Specific policies and programs designed 
to attain these result.*! vary. For officers 
and management personnel, a retirement 
age may be set, after which employ¬ 
ment IS optional. If the retiring indi¬ 
vidual is able to continue work, he may 
be rehired on either a part- or full-time 
ba.sis. He will, however, generally be 
relieved of any managerial responsibility. 
He will not usually receive his pension 
during continued employment, although 
there are exceptions to this rule. 

Non-managerial employees may be 
offered a similar option. They may be 
re-employed after they reach retirement 
age m whatever jobs are suitable. Re¬ 
employment IS usually in lieu of pensions, 
which will be paid whenever no further 
employment is possible.* 

5.5.3 Unemployment. Unemployment 
is caused by various factors. Fluctuations 
in the rate of business activity occa¬ 
sion two types—seasonal and cyclical. 
Changes in the processes and methods 
of operation create technological un- 

*See, in this connection, Richard C. 
Wilcock, "Who’s Too Old to Work?” Uni¬ 
versity of Illinois, I.L.I.R. Publications, 
Bulletin Series, Vol. 4, No. 3, September 
1950; Harland Fox, Theodore R. Lindbom, 
and C. Harold Stone, "After Age 65— 
What?” Personnel Journal, Vol. 30, No. 6, 
October 1951, 181-187. 
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employment. Fricthmal unemployment 
arises from the unavoidable process in 
which free employees seek improved op¬ 
portunities by changing jobs. "Personal” 
unemployment reflects individual charac¬ 
teristics that tend to prevent stable 
employment. Various devices have been 
developed to aid employees in meeting 
the insecurity that arises out of each of 
these types of unemployment. 

5.5.3.1 Dismissal compensation. Sev¬ 
erance allowances, sometimes called dis¬ 
missal compensation, may be provided 
to facilitate transfers to new jobs. Such 
allowances, generally proportioned to 
rates of pay and length of service, may 
amount to several hundreds or thousands 
of dollars. They permit the employee to 
look around for a satisfactory position, 
and reduce the necessity for immediate 
acceptance of a new job. In another simi¬ 
lar arrangement, employees are advised 
of their prospective displacement but are 
allowed to remain on the payroll for a 
stated period while devoting full time to 
job-seeking. 

5.5.3.2 Stabilization programs. Em¬ 
ployers have developed a number of 
techniques designed to regularize or sta¬ 
bilize employment opportunities. They 
study past patterns of expansion and 
contraction and plan operations to insure 
stability throughout a year or a longer 
period. They seek to secure advance 
orders, stimulate slack season sales, de¬ 
velop new markets, produce for stock, 
coordinate production and sales, shift 
employees to maintenance and repairs, 
diversify production, facilitate interde¬ 
partmental transfers, and employ other 
measures to smooth fluctuations in em¬ 
ployment.* 

5.5.3.3 Unemployment compensation. 

Public protection against unemployment 
is provided by the Social Security Act of 
1935. This act created a joint federal- 
state program. Taxes are collected by 
both federal and state governments, un¬ 
der an arrangement that permits an 

* For details on these programs and 
references to reports on them, see Yoder, 
Personnel Management and Industrial Re¬ 
lations, Chapter 18. 
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employer to offset state tax payments 
against federal tax liabilities. State tax 
provisions provide for adjustments in 
tax rates, so that an employer who has 
few unemployed charged to bis account 
pays reduced taxes. Tax savings thus 
secured are also deductible against fed¬ 
eral tax liabilities. Federal legislation sets 
the basic pattern of coverage, although 
details are left to state plans. Public em¬ 
ployees, employees working in religious, 
educational, and charitable organiza¬ 
tions, agricultural employees, and do¬ 
mestic servants are excluded from cover¬ 
age under federal law. 

All disbursements are made through 
state agencies, and state laws set the 
level and maximum lengths of benefits, 
eligibility for benefits, and other similar 
provisions. Coverage difi'ers from state 
to state; some states include all estab¬ 
lishments, while others include only those 
with a specified minimum number of 
employees. Similar variation appears in 
minimum and maximum weekly benefits, 
length of benefit periods, and eligibility 
for benefits. States have also developed 
different rules for the ‘suitability” of 
jobs offered to the unemployed, and for 
many other details of compensation 
practice and procedure. 

5.5.3.4 Guaranteed employment. 
During World War II, an investigating 
committee created by the Office of War 
Mobilization and Reemployment studied 
possibilities of making wider provision 
for guaranteed employment. In 1947, the 
committee reported, describing 196 ac¬ 
tive and 62 discontinued plans for which 
information could be found. Included 
were such widely discussed arrangements 
as those of Procter and Gamble, the 
George A. Hormel Company, and the 
Nunn-Bush Shoe Company. 

The study shows wide differences in 
the proportions of en'iployees that are 
covered by the varioas plans. Employees 
establish eligibility through length of 
service. The number of weeks for which 
employment or wages are assured is not 
uniform. Some plans guarantee only a 
proportion of weekly wages. Costs have 
varied widely. Estimates of full-coverage 
costs in hypothetical firms over a four- 
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year period vary from 1.3 per cent of 
annual payrolls to 20 per cent. 

The committee concluded that a com¬ 
bination of (1) unemployment compen¬ 
sation, (2) flexibility in hours (to be 
facilitated by permitting overtime with¬ 
out penalty in stated periods), and (3) 
guarantees of minimum wages or em¬ 
ployment is feasible and promising.* 

6 . EMPLOYMENT RELATIONS REC¬ 
ORDS, REPORTS, AND RESEARCH 

Developing and maintaining ap¬ 
propriate records, preparing re¬ 
ports on the planning and operation 
of the program, and conducting continu¬ 
ous research studies are important and 
related responsibilities of the employ¬ 
ment relations staff. 


6.1 AUDITING THE EMPLOYMENT RELA¬ 
TIONS PROGRAM 

Record-keeping, reporting, and 
conducting research reflect the ele¬ 
mentary responsibility of the employ¬ 
ment relations staff, to audit, review, and 
appraise the whole program. In the 
modem industrial organization, all staff 
members have planning, counseling, and 
reviewing functions. They must review 
current programs, to discover how well 
they carry out the stated objectives or 
policies of the organization. Then, they 
modify programs to make them more 
effective. 

6.1.1 Employment relations policy. 


♦See “Guaranteed Wage or Employ¬ 
ment Plans,” Bureau of Labor Statistics, 
Bulletin No. 906, 1947; “Guaranteed Wage 
Plans in the United States,” Bureau of 
Labor Statistics, Bulletin No. 9SS, 1947; 
A. D. H. Kaplan, Guarantee o/ Annual 
Wages (Washington, D. C.: The Brookings 
Institution, 1947); Joseph L. Snider, The 
Guarantee of Work and Wages (Boston; 
Harvard University Graduate School of 
Business Administration, 1947); “Guaran¬ 
teed Employment and Wages Under Col¬ 
lective Bai-gaining,” Monthly Labor Re¬ 
view, Vol. 70, No. 1, January 1950, 26-33. 
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Such a review begins by evaluating poli¬ 
cies or goals. The staff is not, of course, 
formally resjKinsible for adopting and 
establishing policy. It may, however, sug¬ 
gest and formulate appropriate policy 
and maintain a continuing check on cur¬ 
rent policy to be sure that it is sound. 
Employment relations policy extends to 
every aspect and function of employ¬ 
ment. It may be unilaterally determined, 
in whole or in part, by the employer m 
the top echelon of the line organization, 
or it may be established in large measure 
through collective bargaining. 

6.1.1.1 Range of policies. Policy on all 
manpower management functions should 
be established, communicated, and in¬ 
terpreted. A convenient check list, indi¬ 
cating the wide range of major subjects 
to be included, follows: 

Check List on Labor Policies 
Employment practices, including 
sources of employees 
physical examinations 
nondiscrimination 
Training provisions 
Placement practice 
Collective bargaining 
Wages, including 

comparisons with prevailing wages 
job evaluation, job rating 
incentive wages 
stabilized earnings 
profit-sharing 
Hours, including 
overtime 
double time 
holidays 

night-shift premiums 
down time 

Working conditions, including 
accident prevention 
occupational disease hazards 
promotion and transfer 
stabilizing employment (intra-plant) 
layoff, discharge 
vacations 

release of employees 
leave of absence 
Grievances 

Employee suggestions and inventions 
Risk protection, including 
group life insurance 
retirement 
hospitalization 

Services for employees, including 
loan funds 


legal aid 

lunchrooms and cafeterias 
employee savings 
employee stock ownerahip 
employee housing 

6.1.1.2 Written policy. In most cur¬ 
rent practice, policy statements are writ¬ 
ten to facilitate their communication and 
understanding throughout the organiza¬ 
tion. If they are not written, the admin¬ 
istrators may not have a uniform under¬ 
standing of established objectives, and 
disorganization and dissatisfaction may 
result among employees. Written state¬ 
ments of policy developed through col¬ 
lective bargaining are usually distributed 
to all covered employees and all super¬ 
visors. t 

6.1.1.3 Interpretation of policy state¬ 
ments. Employment relations staff mem¬ 
bers must usually explain and interpret 
current policy to insure clear and uni¬ 
form understanding throughout the or¬ 
ganization. To help them in this task, 
they may participate in top-level discus¬ 
sions of unilaterally determined policy 
Similarly, they may participate in union 
negotiations. They may present their in¬ 
terpretations in writing or orally at 
meetings held for that purpose, or both 
practices may be necessary.* 

6.1.2 Periodic audit. As a supplement 
to continuous review and appraisal, 
many firms and agencies use a periodic 
over-all audit of manpower policies and 
practices, .similar to the annual audit of 
financial activities. It may be an internal 
audit undertaken by regular staff person¬ 
nel, or an external audit performed by 
an outside agency. 

The range of policies and practices to 
be covered in such an audit varies with 
the nature of the enterprise. There are, 
how'ever, several model auditing sched¬ 
ules that suggest the scope and detail. 

* See Lawrence A. Appley, “Essentials of 
a Management Policy,” Personnel, Vol. 
23, No. 6, May 1947, 4.30-436; “Written 
Statements of Personnel Policy," National 
Industrial Conference Board, Studies in 
Personnel Policy No. 79, 1947; The Way 
We Work: A Guide to Personnel Policy 
(Lowland, Tennessee: American Enka 
Oirporation, 1961). 
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FIG. 4.29 PORTION OF WORKSHEET, GENERALIZED 
EMPLOYMENT RELATIONS AUDIT. 
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A thorough audit checks on both pol¬ 
icy and practice in every aspect of the 
industrial relations program, including 
job analysis and job descriptions; re¬ 
cruiting and checking of sources; selec¬ 
tive techniques and devices; applications 
of wage policy; the rating program; the 
handling of suggestions and • grievances; 
the operation of transfer and promo¬ 
tional practices; maintenance of specific 
working conditions, including hours, em¬ 
ployment stability, light, heat, and sani¬ 
tary conditions; employee services and 
retirement program; enforcement of 
plant discipline; maintenance of em¬ 


ployee morale; collective bargaining; the 
administration of collective agreements; 
and other phases of a broad industrial 
relations program. 

No uniform audit is applicable to all 
situations. Figure 4.29 presents a section 
of a comprehensive outline used to pro¬ 
vide a general audit of an entire indus¬ 
trial relations program. 

The auditing of industrial relations 
programs is still fhtndicapped by the 
limited number of accepteci and “stand¬ 
ardized” bench marks. “Normal” or 
“reasonable” standards with respect to 
policies and performance must be estab- 
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lished. Much current research has tbis 
purpose. Employment relations audits 
provide the raw material and informa¬ 
tion with which research must deal and 
on which it must depend. Using these 
facts, research provides additional bench 
marks for future audits.* 


6.2 EMPLOYMENT RELATIONS RECORDS 

Records are written accounts of 
facts or events. They summarize 
in written or other permanent form cer¬ 
tain facts of sufficient importance to be 
remembered or recalled at some subse¬ 
quent time. A report differs from a rec- 

*See Neal E. Drought, "Techniques of 
Measuring Personnel Effectiveness,” and 
L. E. Schmidt, "Methods of Evaluating a 
Personnel Program,” both in "Measuring 
Results of Personnel Functions,” Personnel 
Series No. Ill (New York: American 
Management Association, 1947), pp. 16-22 
and 23-31; Eugene Benge, Audit Your Per¬ 
sonnel Program (Chicago: Benge Associ¬ 
ates, 1944); C. W. Lytle, “An Audit for 
Wage and Salary Administration,” Per¬ 
sonnel, Vol. 23, No. 4, January 1947, 
273-277; Metropolitan Life Insurance 
Company Policy Holders Service Bureau, 
“Outline of a Personnel Audit,” 1947. 

Personnbl 

Manpower management function 

1. Job analyms, description. 


2. Recruitment 


3. Selection and placement 


ord in that it is designed to give informa¬ 
tion about or to explain facts and events, 
rather than simply to preserve this in¬ 
formation. Thus, a report on recruitment 
summarizes and describes how many and 
what kinds of persons have been hired 
in a stated period. It may also note the 
special circumstances that justified such 
activity or the special problems involved 
in carrying it on. Reports usually cover 
a stated period; they bring the receiver 
up to date; they “report” to him. 

Records and reports, although distin¬ 
guishable, are closely related. Reports 
are often made to create a record. They 
are frequently conserved as records. Rec¬ 
ords sometimes serve as reports, as when 
an interviewer's notes are transmitted to 
a foreman to advise him on hiring a par¬ 
ticular candidate. Moreover, reports are 
frequently built up from records. Re¬ 
ports may be largely or entirely com¬ 
posed of data first written into personnel 
records. 

6.2.1 Types of employment relations 
records. Records are maintained for each 
of the major employment relations func¬ 
tions. Although their variety and range 
reflect varying individual policies and 
programs, the following list includes the 
principal types: 

Records 

Records 

Job description and specification 
Employee specification 
Employee job statement 
Time schedules for jobs 
Costs of job analysis 
Notice of vacancy 
Job breakdown sheet 

Manning tables and replacement tables 

Stuffing schedules 

Applicant appointments 

Mail applications 

Requisitions for personnel 

Application and registration forms 

Prospect card 

Qualifications record 

Skill index 

Weighted application blank 

Interviewer’s check list 

Information on citizenship 

Interviewer's rating scale 

Systematic and patterned interview records 
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Manpower management function 


4. Training 

5. Wage and salary administration 


6. Personnel rating 

7. Promotion, transfer, and leave 

8. Employee services 


Reeorda 

Employment history form 

Educational history 

Military service record 

Change of address card 

Change of marital status card 

Request for information from references 

(a) written 

(b) telephone 

(c) special for schools 
Request for medical examination 
Employee introduction card 
Notice to payroll department 
Patent waivers 

Medical report 
Test score profile 
Application for security bond 
New employee progress report 
Contract of employment 
Appointment on employment notice 
Report or probation 

Employee training record 
Training time table 
Request for tuition refund 
Certificates and diplomas 
Grade reports 
Apprenticeship agreements 

Application for salary increase 
Nature of salary change 
Time record or clock card 
Change of rate notice 
Yearly earnings record 
Overtime authorization 
Overtime pass 
Meal voucher 
Job evaluation schedule 
Withholding certificate 
Social security information card 

Rating scales 
Employee rating record 

Seniority record 
Employee review record 
Request for transfer 
Notice of transfer 
Decision on salary review 
Notice of promotion 
Request for leave 
Certificate of management 

Application for benefit association 
Request for group life insurance 
Request for refund 
Application for hospitalizaiion 
Transportation survey form 
Authorization for deductions 
Vacation record 
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Pebsonnbl Records (Continued) 

Manpower management function Recarda 

9. Health and safety Attendance record 

Accident report 

Sickness, illness reports 

Absence because of illness 

Notice to physician 

Physician's report 

Medical history 

Notice of permanent disability 

Proof of death 

Pel-mit to return to work 

Time losses—accidents 

10. Discipline and separation Disciplinary action report 

Stop or termination notice 
Final wage payment notice 
< Report of separation 

Notice of dismissal 
Exit interview 
Resignation 
Layoff slip 
Warning notice 
Turnover report 
Released employee rating 
Departmental release 
Notice of supervbion 

11. Morale measurement and maintenance Grievance report 

Grievance appeal notice 
Morale questionnaire 
Sociometric ratings 
Counselor's report 
Suggestion blanks 

12. Collective bargaining Notice of interpretation or modification 

Notice of arbitration 


6.2.2 Record forms. To aid in prepar¬ 
ing and maintaining appropriate records, 
firms and agencies—as well as private 
consultants and the public employment 
service—have developed numerous rec¬ 
ord forms. Some of these forms reflect 
little thought or experimentation; others, 
reflect much greater care. Space does not 
permit their reproduction here, but nu¬ 
merous examples are readily available.'*^ 

*See Yoder, Personnel Principles and 
Policies, Chapter 29; also Personnel Man¬ 
agement and Industrial Relations, Chapter 
23; Eileen Ahem, Handbook oj Personnel 
Forms and Records (New York: Ameri¬ 
can Management Association, 1949); Dale 
Yoder, “Inierpretation of Personnel Re¬ 
ports and Statistics,” American Manage¬ 
ment Association, Personnel Series No. 100, 
1946; “Forms, Reewds and Reports,” Min- 


6.3 EMPLOYMENT RELATIONS REPORTS 

Employment relations staff mem¬ 
bers prepare numerous reports 
for the information and assistance of 
the line or operating organization, and 
for the use of top management in making 
decisions on major employment policy. 
Reports cover each of the major employ¬ 
ment relations functions and the progress 
of the program as a whole. 

The importance of these reports prob¬ 
ably cannot be overstressed, although in 
some quarters it has become established 
dogma that a program dealing with hu- 

neapohs Civic and Commerce Association, 
March 18, 1935; The How and Why oj 
Pay Roll Records (Tulsa, Oklahoma: Ross- 
Martin Company, 1946). 
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man relations in employment cannot be 
fairly or accurately described in written 
words and that its intangible value and 
contribution defy reporting. Advocates 
of this viewpoint insist that any report 
that attempts to put down ip black and 
white either the objectives or the accom¬ 
plishments of such a program must be 
misleading. This position has tended to 
prevent attempts at regular reporting. It 
has also tended to prevent full under¬ 
standing of the employment relations 
program by those who should implement 
and support it. As a result, employment 
relations staff members may—and fre¬ 
quently do—express their concern about 
the failure of top management and line 
operators to understand and support the 
employment relations program. The only 
way to break this vicious circle is to 
circulate effective reports that accurately 
describe the objectives and accomplish¬ 
ments of the employment relations pro¬ 
gram. 

6.3.1 Special reports. From time to 
time, the employment relations staff— 
either upon its own initiative or upon the 
request of operating divisions—prepares 
special reports. Line divisions may ask 
for reports on the operation of special 
programs or phases of the current pro¬ 
gram. Such reports, for example, may 
summarize experience with wage surveys 
maintained by the organization or by an 
association of which the firm is a mem¬ 
ber. They may assess experience with cer¬ 
tain tests used in selection, or with 
the personnel rating procedure, or with 
current training programs, or with the 
preparatory work undertaken as a basis 
for collective negotiation of a new labor 
contract. Similarly, the line may ask for 
reports on the operation, in similar cir¬ 
cumstances, of programs presently under 
contemplation—rating, training, selec¬ 
tion, compensation, in plant communica¬ 
tions, or others. Employment relations 
staff members must be prepared to de¬ 
velop special reports on any stibject 
falling within the area of their special 
competence. 

Special reports may also be prepared 
on the initiative of the staff for the infor¬ 
mation of line operators. Such reports 


form the basis for recommendations of 
change in policy and program, For exam¬ 
ple, the staff may report on the results 
of an experiment with a new type of 
training or on current developments in 
union negotiations, or on recent changes 
in legislation affecting employment and 
their implications for firm policy and 
practice. To an alert employment rela¬ 
tions staff, such reports are the ideal 
means of laying a foundation for contin¬ 
ual improvement in policy and practice. 

6.3.2 Periodic reports. In many organ¬ 
izations, the employment relations staff 
prepares regular reports each month. 
These reports summarize both the cur¬ 
rent experience of the organization in its 
employment relationships and the sig¬ 
nificant developments in the field outside 
the particular firm or agency. 

A periodic report on in-plant programs 
provides an opportunity of educating all 
levels of management and supervision— 
and employees as well, if it is given broad 
circulation in full or abbreviated form 
—on the purposes and accomplishments 
of the entire manpower management 
program and especially on the activities 
of the employment relations staff. If 
properly used, the periodic report can 
create and maintain a general under¬ 
standing of the whole program that will 
insure its approval and support through¬ 
out the organization. 

In the best current practice, periodic 
reports include established sections on 
which a comment is included in each reg¬ 
ular issue. One report, for example, pro¬ 
vides a brief paragraph on each of the 
following sul?jects; 

1. Recruitment, selection, and employ¬ 
ment 

2. Training 

3. Promotions, transfers, and separations 

4. Health and safety 

5. Employee services 

6. Morale 

7. Wages and earnings 

8. Collective bargaining 

9. Industrial relations research 

Many reports preface these sections 
with a brief resume of significant devel¬ 
opments, both in-plant and out-plant. 
They may discuss, for example, the in- 
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stallation of a new publication or training 
program, and report briefly on the prog¬ 
ress of negotiations in a related firm or 
industry. By arousing the interest of 
operating personnel, these resumes en¬ 
courage them to study the ensuing 
report on local developments and activi¬ 
ties. 

6.3.3 Statistical reports. Not all the 

current activities and developments in 
the employment relations field can be 


described in statistical and quantitative 
terms. A considerable portion of any 
periodic report must be descriptive and 
qualitative. On the other hand, much 
of the current program should produce 
meaningful statistics, which have a spe¬ 
cial appear to many line operators. More¬ 
over, since statistics are useful in re¬ 
search, periodic reports may well include 
a regular statistical section in which 
quantitative aspects of the employment 


TABLE 4.9 STATISTICAL SERIES TO BE INCLUDED IN THE PERIODIC EM¬ 
PLOYMENT RELATIONS REPORT* 


Function 

Recruitment 


Selection and Placement 


Training 


Promotions 

Transfers 

Morale Maintenance 


Discipline 
Health and Safety 


Employment 


Wage and Salary Administration 


Iteim for monihly report 
Numbers of applicants by source and by 
means of recruitment 
Costs of recruitment per applicant 

Numbers interviewed 
Numbers tested 
Placements 
Costs per placement 

Numbers in training, by type of training 
Numbers admitted to training, by type 
Numbers finishing training, by type 
Average length of training period, by type 
Costs of training, by type 

Numbers promoted 
Numbers demoted 

Numbers transferred, by type of transfer 

Absence rates 
Tardiness rates 
Grievances filed 

Grievances settled by level of settlement 
Counseling interviews 
Suggestions received 
Suggestions accepted 

Disciplinary actions, by type 

Visits to medical service 
Lost time by illness 
Accidents, by department 
Lost time from accidents 

Numbers employed 
Hours worked 
New hirings 
Layoffs 

Permanent separations, by types 

Average wages 
Average weekly earnings 
Average salaries 
New rates established 


*'From Yoder, PtrBonrui Prineiphi and PMeiat, p. SM. 
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relations program are systematically 
summarized and compared with the data 
of earlier reports. 

Table 4.9 outlines the nature and vari¬ 
ety of statistics that may be included in 
a statistical report. It is by no means all- 
inclusive. Numerous additional series will 
suggest themselves to those familiar with 
an individual employment relations pro¬ 
gram. 


6.4 EMPLOYMENT RELATIONS 

RESEARCH 

In the years since World War I, 

interest in employment relations 
research has grown continuously. Fur¬ 
ther impetus was provided by World 
War II, when manpower shortages were 
a major problem for all warring nations. 
At the present time, employers, employ- 
ee|, and unions are well aw'are of the 
possible individual and social gains to 
be won through research. Many firms 
have allocated increasing portions of 
their annual budgets to new or expanded 
research divisions. International unions 
and state and city federations and coun¬ 
cils have added research units to their 
central office staffs. 

The need for understanding how hu¬ 
man beings react in a variety of emjdoy- 
ment situations and relationships is 
clearly evidenced by the .seriou.s conflicts, 
ineffective teamwork, and by the waste 
of human resources in modern societies. 
Research can discover how and why 
waste of manpower resources occurs. Ef¬ 
fective allocation, utilization, and con¬ 
servation of manpower re.sources depend 
on an understanding of the complicated 
principles of human behavior. The pres¬ 
ent need is for demonstrated principles 
of manpower management and their 
widespread recognition and understand¬ 
ing. Such ])rinciples can bo verified, 
checked, and established oiuy by study 
and research. Research is a conscious, 
planned effort to secure facts and to 
describe relationships as a basi.s for fuller 
understanding. It is a planned, purposive 
study and analysis of human behavior 
in employment relationships. Although it 


EM 

may have obvious and “applied” objec¬ 
tives or purposes, in general it aims at 
prediction and control.* 

6.4.1 Problems and hypotheses. Em¬ 
ployment relations research is not unu¬ 
sual or distinctive. Like projects in other 
staff divisions, it seeks facts and relation¬ 
ships in employment that have implica¬ 
tions for the more effective practice of 
manpower management. “Facts” repre¬ 
sent conditions or circumstances that 
have been checked and verified—as dis¬ 
tinguished from impressions and casual 
opinions based on unplanned observa¬ 
tion and possible prejudice. “Relation¬ 
ships” represent consistent associations 
or sequences—presumably based on di¬ 
rect or indirect cause and effect—that 
can be depended on to recur and that 
provide a basis for prediction and con¬ 
trol. 

Research is a purposive search for 
facts and relationships, planned and con¬ 
ducted to answer significant questions. 
These questions may be stated either as 
problems to be solved or as hypotheses to 
be tested. Some problems involve public 
policy—what societies should do or seek. 
Others provide data that may help in 
formulating sound policy. They discover, 
for example, how' men find jobs. Know¬ 
ing how jobs are found, societies can 
better decide what to do about employ¬ 
ment offices or discrimination in hiring. 

6.4.2 Applied, basic, and pure re¬ 
search. Research projects can be classi¬ 
fied on the basis of the applicability of 
their findings. The usefulness of some 
studies is limited to specific employ¬ 
ment relationships and immediate, prac¬ 
tical problems. Such studies represent 
"applied” research. Other studies are 
useful in a wide variety of social and 
economic situations, many of which may 
lie outside the fields of manpower mar¬ 
keting and management. For example, 
the implications of research into basic 
human drives and economic motivations 

*See Wilson Gee, Social Science Re¬ 
search Methods (New York: Appleton- 
Cenlury-Ciofts, Ine., 1950), p. 195; W. I. B. 
Beveridge, The Art of Investigation (New 
York: W. W. Norton & Comoanv. Ino., 
1951), Chapter IV. 



379 


EMKOYMiNT REUTIONS 


are by no means restricted to a particu¬ 
lar firm, time, or even to relationships 
growing out of employment. Such studies 
are “basic.” Still others, described as 
“pure” research, investigate fundamental 
processes of human behavior without 
reference to their applicability. 

6.4.3 Co-disciplinary studies. The ap¬ 
plied science of manpower management 
is related to the social sciences or disci¬ 
plines—economics, psychology, sociology, 
and others—somewhat as medicine and 
biology are related, or medicine and 
chemistry. Many of the problems studied 
in employment relations research fall 
naturally into one or another of these 
fields—they are economic or psychologi¬ 
cal or sociological problems, for example. 
On the other hand, many of the prob¬ 
lems of manpower management involve 
complex behavior and su.spected relation¬ 
ships that cross di.sciplinary lines. An ef¬ 
fective attack on such problems may 
require the combined experience and un¬ 
derstanding of several di-sciplines. 

Thus, employment relations research 
is both narrower and broader than each 
of the various disciplines that seek to 
exjdain human behavior. On the one 
hand, it seeks answers to more limited 
and more narrowly defined questions 
than tho.se considered by the “support¬ 
ing” sciences. On the other hand, many 
significant problems in employment rela¬ 
tions extend beyond the limits of any 
single discipline. Just as medical research 
seeks to discover how to make or keep 
men well, employment relations studies 
are undertaken to find out how best to 
allocate, utilize, and conserve our re¬ 
sources of voluntary employees. And just 
as medical research problems may in¬ 
volve processes that reach into chemis¬ 
try, biology, and physics, so the prob¬ 
lems of industrial relations research may 
reflect composites of economic, psycho¬ 
logical, and sociological or other proc¬ 
esses and require a co-disciplinary ap¬ 
proach. 

6.4.4 Types of studies. Several types 
of research studies can be distinguished. 
Most common are: 

6.4.4.1 Logical studies, which seek to 
state and check hypotheses by deduction. 


reasoning from the general to the spe¬ 
cific. They attempt to apply established 
generalizations to specific situations. 
They may, for example, apply a princi¬ 
ple of economics or sociology to a situa¬ 
tion arising in employment. 

6.4.4.2 Historical studies, which seek 
to trace current situations back to their 
beginnings, looking for explanations of 
present behavior in the historic develop¬ 
ment of firms, Unions, communities, and 
their interrelationships. 

6.4.4.3 Individual case studies. These 
have been among the most prominent 
projects in the field. They do not differ 
sharply from historical studies, but they 
focus attention on a single situation, 
without reference to “outside” influences 
or other similar “cases.” 

6.4.4.4 Surveys. Surveys are purposive 
and planned collections of data from 
various .sources. Wage surveys are typi¬ 
cal. Surveys provide primary data that 
are then analyzed in terms of predeter¬ 
mined hypotheses or questions. 

6.4.4.5 Statistical studies. Statistical 
studies involve the collection, classifica¬ 
tion, analy.sis, and interpretation of 
quantitative data. Of obvious applicabil¬ 
ity in empirical research, they provide 
generalized measures of data and enable 
the re.searcher to calculate probabilities 
based on accident or chance. 

6.4.4.6 Experimental studies. The ex¬ 
perimental method manipulates factors 
and observes and evaluates results. It 
is “ob-servation under controlled condi¬ 
tions.” Although it is often asserted that 
experimental method.s are not applicable 
in the social sciences, employment rela¬ 
tions research frequently employs this 
technique. For example, an experimental 
situation is created so that a new selec¬ 
tion or compensation plan can be evalu¬ 
ated. 

6.4.4.7 Segmental studies. Some re¬ 
search seeks a “general theory”—a 
broad, inclusive generalization that will 
explain a large area of human behavior. 
Most employment relations research has 
no such objective. Rather, it seeks to 
understand behavior in employment re¬ 
lationships by accumulating solutions to 
small segments of the whole. It is thus 
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segmental in its approach. It assumes 
that progress is aid^ by increased un¬ 
derstanding of even the smallest portion 
of employment relationships. It particu¬ 
larly stresses the value of “additive'’ 
stupes—^i.e., studies that can be com¬ 
bined with others to build a growing 
body of understanding. 

6.4.5 Additive projects. Additive proj¬ 
ects are of great value in employment 
relations research. An individual firm’s 
analysis of the accident experience of 
older employees, checked and verified 
against five or 50 other small studies, 
provides a reliable basis for generaliza¬ 
tion. Moreover, the generalizations can 
be verified from time to time. Progress 
toward imderstanding in employment 
relations depends largely on the accumu¬ 
lation and synthesis of numerous small, 
carefully designed studies. No firm or 
union is too small to undertake such a 
study. None should hesitate because its 
particular contribution does not promise 
to be revolutionary. Individual students 
can make highly valuable contributions 
by conducting additive studies.* 

6.4.6 Steps in project development. 

The following procedure is appropriate 

* See Edward McCrensky, “Some Trends 
in Human Relations Research,” Personnel 
Administration, Vol. 14, No. 2, March 1951, 
10-12; F. Stuart Chapin, Experimental De¬ 
signs in Sociological Research (New York: 
Harper and Brothers, 1947), p. 1; Robert 
Hoppock and H. Allan Robinson, “Job 
Satisfaction Researches of 1950,” Occupa¬ 
tions. Vol. 29, No. 8, May 1951, 572-578; 
see especially the annual reports on re¬ 
search in progress published in Personnel, 
and the “Memorandum on University Re¬ 
search Programs in the I'leld of Labor," 
Social Science Research Council, 1947,1948, 
1949, and 1950; “Training and Research in 
Industrial Relations,” Bulletin No. 1 
{ 1945); “Training and Research in Indus¬ 
trial Relations (II)," Bulletin No. 4> 
(1947); “Training and Research in Indus¬ 
trial ^lations (III),’’ BuUetin No. 7 
(1948), all of the University of Minnesota 
Industrial Relations Center; also Dale 
Yoder, Herbert G. Heneman, Jr., and Earl 
P. Cheit, “Triple Audit of Industrial Re¬ 
lations," University of Minnesota Indus¬ 
trial ^lations Center, Bulletin No. 11, 
1961. 
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in approaching most of the problems 
studied in employment relations re¬ 
search ; 

1. Statement of the problem. 

2. Development of working or opera¬ 
tional hypotheses. 

3. Statement of assumptions. 

4. Check of relevant literature. 

5. Development of design and method¬ 
ology. 

6. Collection and analysis of data. 

7. Outline of findings and conclusions. 

These are, of course, only illustrative; 
each study requires modifications and 
variations. Some studies may result in 
recommendations and reports, which 
should, whenever possible, be written up 
and submitted for publication, for the 
benefit of the entire field.* 

6.4.7 Research units and agencies. 
The problems of employment relation¬ 
ships have created wide interest, not 
only among employers, but among em¬ 
ployees, unions, and the public. As a 
result, research is sponsored by many 
individuals and agencies. Many person¬ 
nel, industrial relations, labor relations, 
and employment relations divisions in 
private industry include specialized re¬ 
search units with continuing research 
programs. Other departments also un¬ 
dertake special research projects from 
time to time. Most international unions 
now maintain research divisions, and 
many state and local federations and 
councils include specialized research 
agencies. Many employers’ associations 
have continuing research programs. 

In addition to employers and employ¬ 
ees and their associations, mar.y public 
and semi-public agencies undertake 
studies in the employment relations field. 

6.4.7.1 Individual firm research. The 
research division of a firm's employment 
relations staff is expected to carry on 
continuing studies of hours, wages, em- 

* See David B. Hertz, The Theory and 
Practice of Industrial Research (New 
York: McGraw-Hill Book Company, Inc,, 
1950), Chapters VIII and X; see also 
“Evaluating the Performance of Research 
Personnel,’’ American Institute for Re¬ 
search, University of Pittsburgh, August 
1951. 
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ployment, insurance and other benefits, 
and other working conditions. It may 
also undertake special projects essential 
to its reviewing function, and may be 
given special assignments upon request 
from the line organization. The responsi¬ 
bilities of a research unit have been sum¬ 
marized by one research director as 
follows: 


1. Maintain contact with current devel¬ 
opments in industrial relations meth¬ 
ods and procedures, both within and 
outside the company. 

2. Prepare data and collect and interpret 
experience in application of experi¬ 
ments in such matters as: 

a) Wage paj'^ment and em-'j 
ployee incentive princi¬ 
ples 

b) Utilization of personnel 

and employee productiv¬ 
ity ^Typical 

c) Evaluation of perform¬ 
ance of employees 

d) Innovations in personnel 
administration methods 
and other developments - 

3. Prepare special studies of company 
practi<'e8 as directed. 

4. Prepare proposals for trial adoption by 
interested local divisions or units of the 
company. 

5. Counsel with local divisions or units of 
the company in carrying through ex¬ 
perimental projects. 

6. Maintain library of data pertinent to 
the activities of the department. 

7. .4ssemblc, analyze, and furni.sh opin¬ 
ions on current trends affecting em¬ 
ployee relations on such matters as: 

a) Real wage vs. dollar 
wages 

b) Cost of living 

c) Wage and salary increase 
factors 

d) Current economic think¬ 
ing 

National 
Industry- 


e) Strike trends 
Strike losses 
Strike costs 


wide 
Company¬ 
wide 


Typical 

of 

matters 
^to be 
treated 
statis¬ 
tically 


A study of the functions of research 
directors in industry reveals an emphasis 
on construction and validation of tests, 
analysis of absences and quits, studies 
of policy and employee manuals, inter¬ 


viewing, and merit rating, the conduct 
of employee attitude surveys, develop¬ 
ment of personnel audits, and studies of 
periodic reviews. Figure 4.30 outlines in 
greater detail the job of the research 
director in an industrial relations staff. 

6.4.7.2 Union research. Many unions 
conduct research on such matters as 
changes in wages and salaries, the impact 
and effect of "fringe” provisions, levels 
of employment, wage differentials, the 
way various contract clauses have 
worked, arbitrators’ decisions, and the 
effectiveness of various organizing tech¬ 
niques. They have created research de¬ 
partments not unlike those maintained 
by industrial relations divisions in pri¬ 
vate industry. These departments may 
be set up by the international unions or 
by state and local federations and coun¬ 
cils. Both the AFL and the CIO have 
such units. They include specialists— 
economists, statisticians, and others— 
who design and direct studies on impor¬ 
tant questions facing union officials. 

A survey of the responsibilities of 
union research directors shows a tend¬ 
ency to emphasize studies of economic 
trends, comparative wage rates, the 
financial condition of companies and 
industries, legislation affecting unions, 
clauses in collective agreements, labor 
turnover and mobility, the competitive 
position of firms, labor productivity and 
labor costs, technological changes, wage 
differentials, job evaluation, and wage 
incentive plans.* 

6.4.7.3 Governmental research. Fed¬ 
eral, state, and local public agencies are 
also active in employment relations re¬ 
search. The federal government is repre¬ 
sented by the United States Employ¬ 
ment Service, the Civil Service Commis¬ 
sion, the Bureau of Labor Statistics, the 
National Labor Relations Board, the 
Federal Mediation and Conciliation 


♦ Philip H. Kriedt and C. Harold Stone, 
“Industrial Relations Positions and Per¬ 
sonnel,” University of Minnesota Indus¬ 
trial Relations Center, Mimeographed 
Rekane No. 1, July 1950, 57; see also 
J. B. S. Hardman and Maurice Neufeld. 
The House oj Labor (New York: Prentice- 
Hall. Inc. 1951). Chanters 18-21. 



FIG. 4.30 JOB OF THE DIBECTOR OF PERSONNEL RESEARCH* 


Tltl« —Director of Personnel Research 

Altarnota Titlw— Planning and Research Director, Director of Research and Development 

Promotion to —Industrial Relations Director 

Promotion from —Personnel Statistician, Personnel Director 

Dutiot —The individual holding this position is responsible for research undertaken by 
the Department of Industrial Relations. He plans and assigns research projects and 
directs and supervises his assistants in their work; coordinates the research activities of 
this department with those of similar departments in other firms and agencies; exercises 
control over standards; prepares a periodic progress audit; performs advisory and serv¬ 
ice functions to the other departments; assists with the development of job analyses 
and the preparation of job specifications, and the development and standardization of 
selection tests. He supervises and directs research on: wages, job evaluation, collective 
bargaining, labor supply, labor turnover, absenteeism, accident proneness, employee atti¬ 
tudes, morale, qualifications for jobs, incentive plans, statistical reports, special reports, 
merit rating plans, employee induction procedures, and rehabilitation of returning 
veterans. 

He conducts analyses and prepares reports on new developments and progress in 
methods, standards, and administrative trends in other companies; examines question¬ 
naires and functional charts and arranges desk audits for classification problems; keeps 
departmental officials informed of tentative conclusions from surveys; acts as a con¬ 
sultant on special problems concerning manpower; continually evaluates policies in 
order to determine better methods of accomplishing the divisions’ objectives; prepares 
all final survey reports and compiles statistics and reports on various personnel ac¬ 
tivities for management. Department of Labor, and other agencies. 

Responsibility for Policy —Makes policy recommendations to the Industrial Relations Direc¬ 
tor based on evaluations of data obtained through research. 

Initiotivo Roquirod —A high degree of initiative is essential in originating and carrying out 
research ideas. 

Rosponsibility for Work of Othors —Supervises the statisticians, business machine operators, 
and clerks involved in research work. 

Training —Some on-job training is necessary, but general professional training and experi¬ 
ence are of primary importance. 

Working Hour*— Hours are frequently long and irregular. 

Quoliflcolions for Employmonl— 

Sex: A man is preferred, but a woman is occasionally accepted. 

Education: A minimum of four years of college training, and a Ph.D. degree in eco¬ 
nomics, psychology and statistics are desirable. Important college courses are: labor 
economics, psychometric and advanced statistical methods, research techniques, per¬ 
sonnel management, industrial, personnel, and experimental psycholoB^, industrial 
methods, safety engineering, labor problems and labor legislation, time and motion 
study, production standards, IBM machine operation, and accounting. 

Experience: Several years of experience in research work and in assigning and direct¬ 
ing the work of others are desirable. 

Personal Qualities: Ability to handle factual data with accuracy, thoroughness, intel- 
let’tual integrity, ability to assign and direct work of others. 

Mental Ability: Equivalent to a superior college graduate. 

Special Knowledge: Familiarity with a great variety of statistical techniques together 
witli a knowledge of the most effective ways of reporting results of research work. 

* Fram Kriedt and Bontaon, “Joba in Induatrial Relationa,'’ pp. 44-4S. Rapiintad by parmiaaion. 
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Service, the National Security Resources 
Board, and the several military services, 
particularly the United States Air Force. 
State and local government agencies that 
frequently undertake research include 
the employment services, the conciliation 
and mediation services, industrial com¬ 
missions, fair employment practice com¬ 
missions, and other agencies whose oper¬ 
ations bring them into the employment 
field. 

6.4.7.4 University programs. Related 
academic departments in many public 
and private universities have also under¬ 
taken research in the employment rela¬ 
tions field. The Social Science Research 
Council has created a special Labor Mar¬ 
ket Research Committee. Some 20 uni¬ 
versities have established special indus¬ 
trial relations centers and institutes 
whose major responsibility is to conduct 
research. 

6.4.7.5 Association research. A number 
of. professional and trade associations 
have long been active in employment 
relations research. Among the most ac¬ 
tive are; 

American Management Association, 
330 West 42nd Street, New York. Pub¬ 
lishes Personnel, Management Review, 
and several series in which discussions 
of personnel problems frequently appear. 

American Society for Personnel Ad¬ 
ministration, 2917-34 East 79th Street, 
Cleveland 4, Ohio. Publishes the AjS.PA. 
Personnel News Bulletin. 

Committee for Economic Develop¬ 
ment, 444 Madison Avenue, New York 
22, New York. Publishes reports on cur¬ 
rent economic problems. 

Industrial Relations Counselors, Inc., 
1270 Sixth Avenue, New York. Maintains 
consulting service and publishes Library 
Bulletin (bibliography), weekly sum¬ 
mary of developments, and reports of 
studies. 

National Association of Manufacturers, 
14 West 49th Street, New York. Main¬ 
tains an industrial relations department 
and publishes pamplilets revealing re¬ 
sults of inquiries among its members at 
irregular intervals. 

National Industrial Conference Board, 
247 Park Avenue, New York. Pub¬ 
lishes the Conference Board Bulletin 
(monthly), the Conference Board Serv¬ 


ice Letter, formerly the Service Letter on 
Industrial Relations (monthly), Road 
Maps of Industry (twice monthly), the 
Management Record (monthly), the 
Economic Almanac (occa-sional). 
the Management Almanac (occasional), 
and numerous reports in book form. 

National Safety Council, 20 North 
Wacker Drive, Chicago. In addition to 
numerous bulletins, it publishes the Na¬ 
tional Safety News (monthly). Public 
Safely (monthly). Safety Education 
(monthly), and the Safe Worker 
(monthly), and Accident Facts (annu¬ 
ally). 

Psychological Corporation, Inc,, 522 
Fifth Avenue, New York. Provides psy¬ 
chological advice for industry, conducts 
examinations, distributes testing ma¬ 
terial, and provides vocational guidance. 

Society for Personnel Administration, 
Box 226, Washington, D. (1 Publishes 
Personnel Ail ministration (bi-nionthly). 

Society for Advancement of Manage¬ 
ment, Inc., 74 Fifth ,4venue, New York. 
Publishes Advanced Management (quar¬ 
terly). 

Twentieth Century Fund, 330 West 
42nd Street, New York. Publishes books, 
study outlines, and pamphlets. 

6.4.8 Publications. Results and find¬ 
ings in research are of maximum value 
only when they are communicated 
throughout the field. Consequently, re¬ 
ports are presented at professional meet¬ 
ings and conferences and through publi¬ 
cation of research results. For those who 
want to follow these reports or to look 
up studies in any special area, the follow¬ 
ing list of publications may be helpful; 

1. Advanced Management, Society for 
Advancement of management, Inc., 74 
Fifth Avenue, New York 16, New 
York. Combined with Modern Manage- 

'ment. Successor to The Society for the 
Advancement of Management Journal, 
the Bulletin of the Taylor Society, and 
the Society, of Industrial Engineers 
Quarterly. Monthly since 1937. Numer¬ 
ous discussions and reports on personnel 
policies and practices. 

2. Conference Board Management Rec¬ 
ord, National Industrial Conference 
Board, 247 Park Avenue, New York. 
Monthly since January, 1939. Special 
reports on Conference Board Studies, 
book reviews, labor and management 
statistics. 
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2a. Executives Labor Letter, National 
Foremen’s Institute, 100 Garfield Ave¬ 
nue, New London, Connecticut. Bi¬ 
monthly. Background material and 
current developments in labor relations. 

3. Human Relations, Tavistock Insti¬ 
tute of Human Relations, London, and 
Research Center for Group Dynamics, 
Massachusetts Institute of Technology, 
Cambridge, Mass. Quarterly since 1946. 
“Journal of studies toward the integra¬ 
tion of the social sciences.” Frequent 
references to industrial relations prob¬ 
lems. 

4. Industrial and Labor Relations Re¬ 
view, Cornell University, Ithaca, New 
York. Quarterly since Fall, 1947. Re¬ 
ports of research conferences, and techni¬ 
cal articles. 

5. Industrial Medicine, Industrial Medi¬ 
cine Publishing Company, 605 North 
Michigan Avenue, Chicago, Illinois. 
Monthly since 1941. Emphasis on health 
programs in industry, with reports on 
health hazards, occupational diseases, 
handi(‘apped workers, medical services, 
and related subjects. 

6. Industrial Nursi?ig, Industrial Medi¬ 
cine Publishing Company, 605 North 
Michigan Avenue, Chicago, Illinois. 
Monthly since 1941. Contents indicated 
by title, but articles of general interest 
to industrial relations workers appear 
frequently. 

7. Industrial Psychology and Personnel 
Practice, Department of Labour and Na¬ 
tional Service, Melbourne, Australia. 
Quarterly since 1945. Reports of research 
m Australia and abroad, book reviews, 
and abstracts of articles from numerous 
other foreign and domestic publications. 

8. Industrial Training Abstracts, De¬ 
partment of Personnel Methods, Wayne 
University, Detroit, Michigan. Four is¬ 
sues annually, since 1947. Abstracts ar¬ 
ticles dealing with apprentice, foreman 
and supervisory, safety, sales, and related 
types of training in industry. 

9. Industrial Weljare and Personnel 
Management, Industrial Welfare Society, 
Inc., 14 Hobart Place, Westminster, 
S.W. 1. Formerly Boy's Welfare Journal, 
Journal of Industrial Welfare, and In¬ 
dustrial Welfare. Monthly since 1918. 
Contents indicated by title. 

10. International Labour Review, Inter¬ 
national Labour Office, Geneva. Monthly 
since 1919. Special articles deal with all 


aspects of labor relations. Statistical 
section maintains continuing series on 
wages, hours, and other conditions of 
employment. 

11. John Herling’s Labor Letter, John 
Herling's Labor Letter, Inc. 1003 K 
Street N.W., Washington 1, D. C. For¬ 
merly Charles Wright's Labor Letter. 
Published weekly. Discusses current la¬ 
bor topics. 

12. Journal of Applied Psychology, 
American Psychological Association, 1515 
Massachusetts Avenue, N.W., Washing¬ 
ton, D. C. Bi-monthly since 1917. All 
phases of applied psychology. 

13. Labour Gazette, Department of La¬ 
bour of Canada, Ottawa. Monthly. A 
“review of the labour-industrial situation 
throughout Canada.” Includes articles, 
statistics, and reviews. 

14. Labor Market, United States Em¬ 
ployment Service, Department of Labor. 
Monthly. Reports on labor market con¬ 
ditions and prospects, al.so on problems 
faced by the employment service in 
various areas. 

15. Labor Law Journal, Commerce 
Clearing House, Inc., 214 North Michi¬ 
gan Avenue, Chicago 1, Illinois. Monthly. 
A continuing survey of important legis¬ 
lative, administrative and judicial de¬ 
velopments and articles on subjects 
pertaining to legal problems in the labor 
field. 

16. Labor Report, Prentice-Hall, Inc., 
70 Fifth Avenue, New York 11, N. Y. 
Weekly. Articles on all phases of the 
labor field, including legal problems in¬ 
volving wages, hours, union representa¬ 
tion, and working conditions, as well as 
such matters as personnel administra¬ 
tion, contract negotiation, and the like. 

17. Management Review, American 
Management Association, 330 V/est 42nd 
Street, New York. Monthly since May, 
1912. Frequent articles on industrial re¬ 
lations. 

18. Monthly Labor Review, Bureau of 
Labor Statistics, U. S. Department of 
Labor, Washington, D. C. Since July. 
1915. Summaries of studies in indus¬ 
trial relations. Statistical section includes 
continuing series on industrial disputes, 
employment, pay rolls, and cost of living. 

19. Occupational Psychology, British 
National Institute of Industrial Psy¬ 
chology, 142 St. Vincent Street, Glasgow, 
Scotland. Quarterly since 1922 (formerly 
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The Human Factor and the Journal of 
the National Inatitute of Industrial Psy¬ 
chology). Reporting of cooperative 
studies with industry. 

20. Occupations, National Vocational 
Guidance Association, 82 Beaver Street, 
New York. Monthly since 1922. Special 
interest is occupational counseling and 
guidance. 

21. Personnel, American Management 
Association, 330 West 42nd Street, New 
York. Quarterly since January, 1919 
(suspended, November, 1921), bi¬ 
monthly since April, 1927. Entire field 
of industrial relations. 

22. Personnel Administration, Society 
for Personnel Administration, Washing¬ 
ton, D. C. Monthly except July and 
August since 1939. Articles on all phases 
of personnel administration, with a dis¬ 
tinct governmental flavor. 

23. Personnel Journal, Personnel Journal, 
Inc., Swartlimore, Pennsylvania. For¬ 
merly Journal of Personnel and formerly 
published by the Personnel Research 
Federation. Monthly, except July and 
August, since May, 1922. Broad coverage 
over the entire field. 

24. Psychological Abstracts, American 
Psychological Association, 1515 Massa¬ 
chusetts Avenue, Washington, D. C. 
Monthly since 1927. Includes one section 
of abstracts of the literature of personnel 
psychology. 

25. Public Personnel Review, Civil Serv¬ 
ice Assembly of the United States and 
Canada, 1313 East 60th Street, Chicago, 
Illinois. Quarterly since 1940. Major em¬ 
phasis on personnel problems in govern¬ 
ment service. 

26. Supervision, Supervision Publishing 
Company, Inc., 404 North Wesley Ave¬ 
nue, Mount Harris, Illinois. Combines 
the Foreman. Monthly since 1939. Nu¬ 
merous discus.sions of industrial relations 
with special emphasis on problems of 
foremen and supervisors. 

6.4.8.1 Labor services. With the grow¬ 
ing participation of government in em¬ 
ployment relations and the creation and 
expansion of regulatory agencies, admin¬ 
istrative rulings and interpretations of 
law have assumed much greater impor¬ 
tance in the daily operation and adminis¬ 
tration of employee relations programs. 


Several specialized services have ap¬ 
peared, designed to provide up-to-date 
infonnation on legislative changes and ad¬ 
ministrative rulings. Some of them, such 
as the services published by Prentice- 
Hall, Inc., also report on arbitration 
awards, which have assumed increasing 
importance as terminal arbitration 
clauses have become general. Among the 
most inclusive of these services are the 
following, listed with the agencies that 
provide them: 

1. The Bureau of National Affairs, 
Inc., 1231 Twenty-fourth Street, N.W., 
Washington, D. C. Services include: 
Collective Bargaining Negotiations and 
Contracts, Labor Relations Reporter, 
Manual of Labor Supervision. 

2. Commerce Clearing House, Inc., 214 
N. Michigan Avenue, Chicago 1, Illinois. 
Services include: Labor Cases, Labor 
Law Guide, and others. 

3. Government Statistics Bureau, 631 
Pennsylvania Avenue, Washington, D. C. 
The Handbook of Basic Economic Sta¬ 
tistics and Monthly Supplements. 

4. National Foremen’s Institute, Inc., 
Deep River, Connecticut. Executive’s 
'Labor Letter (bi-weekly) and (at ten- 
day intervals) Employee Relations and 
Collective Bargaining; also numerous 
special reports. 

5. Prentice-Hall, Inc., 70 Fifth Avenue, 
New York 11, New York. Services in¬ 
clude: Complete Labor Equipment, La¬ 
bor Relations Service, Wage and Hour 
Service, Personnel Practices—Manpower 
Service, Union Contracts and Collective 
Bargaining Service, Employee Relations 
and Arbitration Service, Pension and 
Profit-Sharing Service, Social Security 
Taxes Service, The Labor Report, La¬ 
bor Guide, American Labor Cases, Pay- 

. roll Service. 

6. Research Institute of America, 292 
Madison Avenue, New York. Publishes 
the Labor Coordinator. 

6.4.8.2 Reading habits of staff. A 

study of the publications read by em¬ 
ployment relations staff personnel and 
of the services they use and the associa¬ 
tions in which they participate is sum¬ 
marized in Figures 4.31 and 4.32. 
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FIG. 4.31 PUJ^ICATIONS READ BY EMPLOYMENT RELATIONS STAFF 
MEMBERS, 1950* 


Numbers of manpower managert 
reporting readership 


Publication 

Advanced Management. 

American business. 

American Fcderationist. 

American Labor Education Service News Letter. 

Arbitration Journal. 

Benefit Series (Federal Security Agency). 

Bu.sines.'^ Week. 

tJhester Wright’s Labor Letter. 

CIO News. 

DM Digest. 

Flconomic Indicators. 

Econonuc Notes and Labor Facts. 

FJconomic Outlook . 

Educution.'d and Psychological Measurement. 

J'Jnploymcrit Service llevicw . 

Executive’s Labor Letter (National Foremen's Institute). . 

Facts for Workers. 

ludusuial and Labor Relations Review. 

Industrial Hygiene Newsletter. 

Industrial Medicine. 

Industrial Nursing. 

Industrial Training Abstracts. 

International Labour Review. 

Journal of .\p[>lied Psychology. 

Journal of Industrial Training. 

Labor. 

Labor and Nation. 

Labor Information Bulletin . 

Labor’s Monthly Survey. 

The Labor Market. 

Labour Gazette. 

Management News (American Management Association) 
Management Record (National Industrial Conference 

Board). 

Management Review (American Management Association) 

Modern Industry. 

Modern Management. 

Monthly Labor Review. 

National Safety News. 

Occupations. 

Per<onnel. 

Personnel Administration. 

Personnel Series (American Management Association).... 

Previews (National Indostrial Conference Board). 

I’ublic Opinion Quarterly. 

Public Personnel Review. 

Safety Bulletin. 

.Social Security Bulletin. 

Su|jervistoii. 

Survey of Current Business. 

Workers Education Bureau News Letter. 


Employer 

representatives 

42 

125 
26 

8 

26 

7 
163 

12 

61 

12 

5 

4 

48 

8 
37 

101 

4 

48 

22 

18 

32 

4 

5 

33 
5 

15 

8 

32 

44 

19 

2 

65 

118 

84 

99 

53 

70 

91 

19 

132 

26 

126 
95 

14 
2 

22 

19 

104 

15 


Union 

representatives 

5 
10 
56 
29 
24 

8 

59 

18 

54 

3 
20 
11 
42 

0 

15 

10 

19 

26 

6 
1 
0 
0 

24 

2 

1 

40 
33 

41 
47 
17 

7 

4 

14 

3 

5 

5 

42 

6 
1 
2 
2 
3 

8 
6 
2 

10 

39 

1 

23 

32 


* From Yoder and Nelaon, “Manpower Managan—Their Habits. Haunts, and Custonui," 419. 
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FIG. 4.32 ASSOCIATION MEMBSBSHIPS OF EMPLOYMENT RELATIONS STAFF 
MEMBERS, 1950* 


Association 

American Economic Association. 

American Labor Education Service. 

American Management Association. 

American Psychologicaal Association. 

American Society for Personnel Administration 

American Society of Safety Engineers. 

American Society of Training Directors. 

American Statistical Association. 

Industrial Relations Research Association. 

Labor Bureau, Inc. 

Labor Research Association. 

National Industrial Conference Board. 

National Office Management Association. 

National Safety Council. 

National Vocational Guidance Association. 

Society for the Advancement of Management. . 
Workers Education Bureau of America. 


Numbers of manpower managers 


rejMjrling membership 


Employer 

Union 

representatives 

representatives 

1 

11 

1 

26 

133 

4 

4 

2 

19 

2 

24 

2 

19 

1 

2 

8 

18 

22 

0 

6 

1 

9 

58 

8 

28 

1 

75 

17 

24 

4 

63 

3 

1 

2d 


* From Yoder and Nelson, “Manpower Managers—Their Habits, Haunts, and Cuatoins,” 41A 
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provides management engineering training for personnel 
from all Ordnance establishments in the Unit^ States. 
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1. DEFINITION OF MOTION AND 
TIME STUDY 

1.1 GENERAL DEFINITION 

Motion find time study deals with 
(1) the scientific determination of 
preferable work methods, (2) the ap¬ 
praisal, in terms of time, of the value of 
work involving human activity, and (3) 
the developinent of material required to 
make practical use of these data. 

1.2 INTERRELATIONSHIP OF MOTION 

AND TIME STUDY 

It is difficult to separate these 
thref) phases, since a specified 
method is one of the conditions of time 
measurement, and time measurements 


often provide a basis for comparing al¬ 
ternative methods. In addition, method 
determination and time appraisal com¬ 
plement the utility of each other in ap¬ 
plication. The combined term—motion 
and time study—is used to denote all 
, three phases of activity: method deter¬ 
mination, time appraisal, and the devel¬ 
opment of material for the application 
of these data. 

1.3 UNIVERSAL APPLICABILITY 

In any activity or occupation, mo¬ 
tion and time study can help find 
a preferred way of doing the work and 

* The material in this section is, in great 
part, adapted from M. E. Mundel, Motion 
and Time Study: Principles and Practice, 
2nd ed. (N. Y.: Prentice-Hall, Inc., 1955). 
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can provide measurements for control¬ 
ling the activity. The motion and time 
study approach fits all human activities, 
including heavy or light factory work, 
storage or warehouse operation, farm 
work, housework, surgery, cafeteria 
work, department store or hotel work, 
and battle activities. What is accom¬ 
plished by the work may vary from job 
to job, and the field of knowledge cover¬ 
ing the raw material, product design, 
process, tools, equipment, and workplace 
may shift, but the human effort is always 
composed of the same basic acts. Conse¬ 
quently, the procedures for selecting a 
preferable method are essentially the 
same, and information relating to the 
economical use of human effort is univer¬ 
sally applicable. Further, if managerial 
controls are to be effective, time studj'’ 
(or work measurement, as it is some¬ 
times called) is always a basic require¬ 
ment. 

Motion and time study enables the 
various divisions of an organization to 
cooperate in selecting and planning the 
proper integration of materials, design 
of product or work achieved, process, 
tools, workplaces and equipment, and 
hand and body motions. Motion and 
time study techniques are aids for sys¬ 
tematically performing many industrial 
engineering activities. 


2. SHORT HISTORY 
2.1 EARLY BEGINNINGS 

The prototype of modem time 

study appears to be the work be¬ 
gun in 1881 by Frederick W. Taylor, 
Chief Engineer of the Midvale Steel Co. 
The first widespread paper relating to 
this activity was entitled "Shop Man¬ 
agement,” Paper No. 1003, American 
Society of Mechanical Engineers, 1903, 
authored by Taylor. The prototype of 
modem motion study appears to be the 
work done during the late 1800’s and 
early 19(X)’s by Frank B. Gilbreth re¬ 
sulting in a chapter on "Motion Study” 
in Bricklaying System, F. B. Gilbreth, 
Myron C. Clark Publ^hing Company, 


Chicago, 1900. This chapter formed the 
basis of Motion Stndy, F. B.' Gilbreth, 
D. Van Nostrand Co., N. Y., 1911. These 
early works were closely associated with 
an integrated approach to what was 
called, “scientific management.” Other 
than a few later highlights, space does 
not permit detailing the history beyond 
this point. Yost* has pointed out that 
the periodicals listed in the Readers 
Guide included 150 articles on the sub¬ 
ject between 1911 and 1914, together 
with an even greater number in the tech¬ 
nical and trade journals and newspapers 
for those years. During this later period, 
the full compatibility of the two ap¬ 
proaches began to emerge. 


2.2 FORMALIZATION OF THE FIELD 

Gilbreth followed his early work 

with Applied Motion Study, Stur¬ 
gis and Walton Co., N. Y., 1917, Fa¬ 
tigue Study, The Macmillan Company, 
N. Y., 1919, and Motion Study jor the 
Handicapped, George Routledge and 
Sons, London, 1920. These later works 
were done in collaboration with his wife 
and co-worker, Lillian M. Gilbreth. Also, 
to the main stream of published material 
was added the work of Jules Amar in 
France (available as The Human Motor, 
George Routledge, London, 1920), the 
work of Atzler in Germany, of Cathcart 
and Benedict published by the Carnegie 
Institution of Washington D. C. and the 
work of the Industrial Fatigue Research 
Board and the Industrial Health Re¬ 
search Board of Great Britain, beginning 
about the time of World War I. There 
were also numerous other contributors in 
many countries in the fields of industrial 
engineering, industrial psychology, and 
physiology. It is almost impossible to 
summarize this period without slighting 
(unintentionally) many who contributed 
greatly to this growing field. Consider¬ 
able assistance was given to its growth 
by the number of articles published in 

'''Edna Yost, Frank and Lillian OUbreth 
(New Brunswick, N. J.: Rutgers Univer¬ 
sity Press, 1949), p. 188. 
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the McGraw-Hm magazine Factory, un¬ 
der the editorship of L. C. Morrow. 

2.3 EABLY TEXTBOOKS 

Academic work in motion and time 

study was somewhat limited by 
the unavailability of suitable texts until 
the publication of Time and Motion 
Study, by S. M. Lowry, H. B. Maynard, 
and G. J. Stegemerten, McGraw-Hill, 
N. Y., 1927; Common Sense Applied to 
Motion and Time Study, A. H. Mogen- 
sen, McGraw-Hill, N. Y., 1932; and 
Motion and Time Study, R. M. Barnes, 
Wiley, 1937, this last vohime being, an 
expansion of an earlier lithoprinted book 
by the same author. Although these early 
texts have largely been displaced by later 
editions or later works by other authors, 
they stand as historic landmarks in the 
subject. 


2.4 LATBB DEVELOPMENTS 

By the 1940’s the number of texts 
and related books began to grow 
to an imposing list and work in the area 
was firmly established on a scientific 
basis, on an international scale, and as a 
regular part of the normal industrial rou¬ 
tine of the civilized world. 


3. MOTION STUDY 

3.1 DETAILED DEFINITION 

Motion study is a scientific, ana¬ 
lytical procedure for determining 
a preferable work method, considering: 

a. The raw materials. 

b. The design of the product. 

c. The process or order of work. 

d. The tools, workplace, and equip¬ 
ment for each individual step in the 
process. 

e. The hand and body motions used 
in each step. 

The criterion of preference is usually 
economy of money, but other criteria 
such as ease or economy of human effort, 


ESS 

economy of work time, in-process time, 
material, skill, space, machine time, tools, 
etc., frequently may take precedence. 

3.2 USES 

The basic use of motion study is 
implicit in the definition given 
in Art. 3.1. However, motion study is 
also applicable to: 

a. Improving a work method by lo¬ 
cating dcficienoie.s in .my of the five 
individual factors involved (sec 
Art. 3.1) or in their interrelation¬ 
ships. 

b. Improving a work method by as¬ 
sisting in adjasting the pattern of 
interrelationships or any of the in¬ 
dividual characteristics of the five 
factors involved to meet: (1) new 
economic conditions, (2) changes in 
criterion of preference, (3) new ma¬ 
terials or equipment. 

c. Designing a work method through 
logical analysis and synthesis. 

d. Providing a schematic framework 
for organizing knowledge about the 
interrelationships and individual 
characteristics of the five factors 
involved. 


3.3 STEPS IN THE APPLIC.\TION 

The scientific method of solving 
problems involving the determina¬ 
tion of a preferred way of doing a job, 
a preferred method of production, or a 
preferred method of doing new work re¬ 
quires the application of a logical pro¬ 
cedure consisting of the following seven 
steps: 

A. Aim —Determination of objective 
in terms of area of job to be 
changed, and establishment of cri¬ 
teria for evaluating the preferabil¬ 
ity or success of solutions. Innova¬ 
tions may be introduced in any one 
of the five areas that affect the 
performance of the job. These areas 
are: 

1. Hand and body motions 

The particular motions, their se- 
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quence, and their nature may 
be changed to ease or improve 
the task. 

2. Work station (tools, workplace 
layout, or equipment) 

The design of any single work 
station or the equipment used 
for any part of the task may be 
modified. 

3. Process or work sequence 

The order or condition in which 
the various work stations receive 
the product may require change 
or the number of work stations 
may be modified. 

4. Product design, form of goods 
sold, or material or service pro¬ 
duced 

The final form of the product, 
as it leaves the organization, 
may require slight modification 
to facilitate the attainment of 
the objectives of improvement. 

5. Incoming supplies or raw mate¬ 
rial 

The materials brought into the 
organization may require change 
in form, condition, or specifica¬ 
tion in order to allow the desired 
improvements to be made. 

A change in any of these factors with 
numbers aboye 1 usually must be ac¬ 
companied by changes in the areas with 
lower numbers in order to accommodate 
the change. Also, a change beginning in 
Area 3, 4, or 5 is usually evaluated with 
the assistance of an analysis of what 
happens to the product; a change begin¬ 
ning in Area 1 or 2 with an analysis of 
work performed by a man. Reference 
to these areas (usually referred to as 
“classes”) may help clarify instructions 
given to the analysts. 

B. Analysis —Analysi.i of the work 
method into subdivisions or steps 
possessing known characteristics, 
or concerning whose performance 
information is already available 
which are pertinent to the problem 
and are relatively unique or singu¬ 
lar in nature, and graphic or tabu¬ 
lar presentation of the actual or 
contemplated ^quence of these 
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steps. These analyses noay be di¬ 
vided into two main groups: those 
for analyzing activity of the prod¬ 
uct and those for analyzing activ¬ 
ity of people. 

C. Cnticwm-^hecking the analysis 
against basic data, check lists of 
desirable arrangements of the steps 
into a preferable work pattern, and 
information concerning desirable 
ways of performing each of the 
steps. 

D. Innovation (synthesis) — Formu¬ 
lating a new procedure for per¬ 
forming the work. 

E. Test —Testing, by means of the 
data used in Step C, the desirabil¬ 
ity of the method formulated in 
Step D, in respect to the objectives 
set up in Step A. 

F. Trial —Making a sample applica¬ 
tion of the method tested in Step 
E to ascertain whether all variables 
have been taken into account. 

G. Application — Standardizing, in¬ 
stalling, evaluating, and maintain¬ 
ing the improved work method. 

3.4 LISTS or TECHNIQUES 

Motion-study techniques may be 
listed under the steps of the logical 
procedure w'hich they implement. Tech¬ 
niques for the study of current ac¬ 
tivity are usually made by means of 
direct observation or by means of 
micromotion or memomotion study. (See 
Art. 3.5 for definitions.) In studying a 
contemplated activity, they may be used 
to detail the concept. In the following 
lists those marked by an * indicate anal¬ 
yses which may be made by micromotion 
or memomotion study. In some of these 
cases, analysis by direct observation is 
difficult, if not impossible. 

3.4.1 For determining Aim. 

a. Possibility guide or list. 

b. Activity chart. 

c. Machine load chart. 

d. Functional form analysis chart. 

3.4.2 For performing Analysis. These 
techniques are divided into two majoi 
groups, product and man, as explained 
in Art. 3.3B. 
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3.4.2.1 For product analysts. 

a. Process chart—product analysis. 

b. Flow diagram. 

c. Procedure analysis chart (in some 
cases this also shows personnel ac¬ 
tions) . 

3.4.2.2 For man analysis. 

a. * Process chart—man analysis. 

b. * Man flow diagram. 

c. Workplace layout. 

d. * Operation chart. 

e. * Multiple-activity analysis. 

1. Man and machine (or multi¬ 
machine) operation chart. 

2. Man and machine (or multi¬ 
machine) operation time chart. 

3. Man and machine (or multi¬ 
machine) process chart. 

4. Man and machine (or multi¬ 
machine) process time chart. 

6. Multi-man operation or process 
chart. 

6. Multi-man operation time or. 
process time chart. 

7. Multi-man charts similar to 1, 
2, 3, or 4 above. 

f. * Micromotion study 

1. Simo (simultaneous motion cy¬ 
cle) chart. 

2. Memomotion charts (time se¬ 
quence, flow or tabular). 

g. Cyclegraphic or chronocycle- 

graphic records 

3.4.3 For Crificism. Available check 
lists and basic data are arranged in suit¬ 
able form for use with each of the tech¬ 
niques given under Arts. 3.4.1 and 3.4.2. 

3.4.4 For Innovation. The techniques 
used to present the innovation are usu¬ 
ally similar to those used to make the 
Analysis (see Art. 3.4.2). 

3.4.5 For Test. A proposed solution 
may be tested against the basic data 
referred to in Art. 3.4.3 and against the 
criteria set up in determining the Aim 
(Art. 3.3). Summaries of what will be 
achieved are often needed in evaluating 
the utility of a proposed solution. The 
following forms are useful; 

a. Methods proposal summary. 

b. Procedure proposal summary. 

3.4.6 For Trial. Formal permission to 
conduct a trial should be obtained 
through routine channels and procedures. 
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3.4.7 For Application. This step usu¬ 
ally requires the preparation of what is 
variously called a WSP (Written Stand¬ 
ard Practice), SOP (Standard Operat¬ 
ing Procedure), a layout (see Section 
8 on Plant Layout), a tool, the design 
of a machine design or w’orkplace (see 
any standard text on drafting practice), 
or an operator instruction sheet or pro¬ 
cedure instruction (Section 6). 


3.5 DEFINITIONS OF TECHNIQUES 

The techniques listed under Art. 

3.4 are defined below. Again, mo.st 
of them are applicable either to an exist¬ 
ing job or process or to a projected job 
or process. 

3.5.1 For Aim. These techniques are 
designed to help the analyst select the 
most feasible type of change. They help 
him select the appropriate analysis pro¬ 
cedure for performing the next step of 
the motion study. This relationship is 
given in Table 5.1. 

3.5.1.1 Possibility guide. This is a 
systematic list of all possible changes 
suggested by the person familiar with 
the activity or product under scrutiny. 
It also shows the consequences of each 
suggestion. 

3.5.1.2 Activity chart. This is a chrono¬ 
logical record of the various activities 
of an individual performing a variety of 
tasks. It includes a summary of the 
nature of each activity, the work-units 
produced, and the time spent at each 
activity. Several activity charts may be 
combined into a work distribution chart, 
described in Art. 3.5.1.3. 

3.5.1.3 Work distribution chart. “A 
tabulation of the various tasks per¬ 
formed by the individuals in an organi¬ 
zation classified in accordance with the 
major activities of that organization. 
Time spent by each individual on each 
task is indicated, so that a completed 
chart will show the total manhours spent 
on each activity.”* 

* Techniques of Work Simplification,” 
Department of Army, Pamphlet No. tO- 
300, June 1951, 3. 



TABLE 5.1 aELB<?TING THE ANALYSIS TECHNIQUE* 


CUm of 

change 

sought 

Physical 
characteristics 
of job 

Technique 

recommended 

Equipment 

required 

Notes 

6, 4,3 

Several work sta¬ 
tions in process. 

Process chart- 
product anal¬ 
ysis. 

Paper and pencil. 

Rapid analysis. 

6,4,3 

Flow of paper¬ 
work or control 
form. 

Procedure anal¬ 
ysis chart. 


Rapid ana1}nii8 of 
complex situa¬ 
tions. 

2 or 1 

Person moves 

Process chart-man 

Paper and pencil. 

Rapid analysis. 


from place to 
place while do¬ 
ing work. 

analysis. 

Watch is some¬ 
times used but 
is not necessary. 


2 or 1 

Person does job at 
one place. 

Operation chart. 

Paper and pencil. 
Watch is some¬ 
times used but 
is not necessary. 

Rapid analysis and 
widely applica¬ 
ble. 

2 or 1 

2 or 1 

Man operates one 
or more ma¬ 
chines. Machine 
time is an im¬ 
portant factor. 

Several men work 
coordinately, as 
a crew with or 
without ma¬ 
chine or ma¬ 
chines. 

Man and machine 
charts. 

Paper and pencil. 
Watch is desir¬ 
able. Film may 
be used. 

Rapid anaiysiB. 

i 

1 

1 

1 


A—Simple task. 

A—Multi-man or 
multi-man and 
machine chart. 

A—Paper and 
pencil. Watch is 
desirable. 

A—Difficult anal¬ 
ysis at times. 


B—Complex task. 

B — Memomotion 
chart. 

B—Micromotion 
equipment. 

B—Very easy to 
analyze. 

2,1 

Long-run short 
cycle or detailed 
training mate¬ 
rial is required. 

Simo chart. 

Micromotion 

equipment. 

Analysis takes 
some time but is 
less costly for de¬ 
tailed analysis 
and where much 
methods work is 
done. 


* Adapted from Muodel, Motion and Ttmt Stud]/-' PrinctpUt and Praeliee, p. 46. 


3.5.1.4 Machine load chart. This is 
similar to an activity chart (Art. 3.5.1.2) 
but records the activititt» of a machine 
rather than of a person. 

3.5.1.5 Functional form analysis chart. 
This is a tabular presentation of the 
activities of an organization and the 
forms used at each step in performing 
each activity. It indicates areas in which 
forms overlap, are inadequate, or are too 
numerous. 

3.5.2 For AnalyMh, TlieBe techniques 


are described categorically in Art. 3.3B. 
Essentially, they provide a formal, 
graphic means of breaking a large prob¬ 
lem down into smaller problems. They 
enable the analyst to develop or apply 
basic information and to synthesize satis¬ 
factory solutions. 

3.5.2.1 For product analysis. These 
techniques are, for the must part, 
graphic. 

Proeess chart—product analpm. This 
is a graphic presentation of the separable 
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Steps involved in performing the work 
required to modify a product from one 
stage of completion to another. 

Flow diagram. This consists of a 
sketch of the part of the plant con¬ 
cerned in the study of a product with 
a line tracing the path followed by the 
product. In some cases, the symbols 
from the process chart are shown at 
the places they occur. 

Procedure ancdysis chart. This is a 
graphic presentation of the separable 
steps of activities with forms or other 
paper work, showing the interrelation¬ 
ships of the various papers, forms, or 
copies involved and can be used also to 
indicate the work of related individuals 
and/or offices and/or on products. Its 
primary use is to analyze paper-work 
routines. 

3.5.2.2 For man analysis. These tech¬ 
niques also are primarily graphic. 

Proceas chart—man analysis. This is 
a graphic presentation of the separable 
steps a person performs when doing a 
task that requires him to move from 
place to place in the course of his work, 
treating the person as a single unit. 

Man flow diagram. This is a sketch of 
the part of a plant connected with a 
man’s work on which a line has been 
drawn indicating the path the operator 
travels in performing this work. 

Workplace layout. This is a dimen¬ 
sioned sketch (usuallyshowing both plan 
and profile views) of the place at which 
a man works. It helps the analyst to 
understand the body and eye motions 
required to perform the task. The path 
of motions may be added, as in a man 
flow diagram. 

Operation chart. This is a graphic 
presentation of the separable steps of 
a person’s body members when he is 
performing a job that takes place essen¬ 
tially at one location and indicates the 
relative simultaneity of the movements 
of the various body members being con¬ 
sidered. (An operation chart is an analy¬ 
sis of the work performed by a worker 
on any one operation on a process chart, 
either man, product, or combined analy¬ 
sis. It is a description of what the opera¬ 
tor does.) 


Multiple activity. These techniques are 
used to analyze situations in which a 
man works with one or more machines 
and in which the work of the machine is 
a controlling factor, and situations in 
which a group of men work coordinately 
with or without machines. To be useful, 
the analysis must show not only the 
sequence of steps, of the two or more 
items charted, but also the relative 
simultaneity of steps. 

The man and machine operation chart 
is used to analyze the work of one oper¬ 
ator and one machine in one location. 
It is similar to an operation chart, ex¬ 
cept that a third column is added for 
the machine. In this column, the activity 
of the machine is indicated by one of two 
symbols: the symbol for suboperation 
when the machine is working, and the 
symbol for delay when it is idle (Table 
6.5). The machine is thus charted as if 
it were an additional body member with 
limited functions. If more than one ma¬ 
chine are involved, an additional column 
is added for each machine. 

The man and machine operation time 
chart is similar to a man and machine 
operation chart except that in place of 
a column of symbols, a plain vertical 
column and shadings of various types 
are u.sed to indicate the nature of the 
activity, the length of each shading indi¬ 
cating the amount of time spent at that 
activity. The activities of the machine 
or machines are charted in a similar 
manner. The relative simultaneity of ac¬ 
tivity is thus indicated much more ac¬ 
curately. 

The man and machine process chart is 
similar to a man and machine operation 
chart except that the person’s body 
members are not charted separately. The 
person is treated as a single unit, as in 
a process chart—man analysis. 

The man and machine process time 
chart is like a man and machine opera¬ 
tion time chart except that the man’s 
activities are charted as a single unit. 

Multi-man operation or process chart 
is a graphic presentation of the separable 
steps of the work of a crew and indicates 
the relationship between the work of 
each mmber when the work involves co- 



2tO 

ordination of the crew. In the operation 
chart version, each pertinent body mem¬ 
ber of each man is charted separately. In 
the process chart version, each man is 
treated as a single unit. 

Mvlti-man operation or process time 
chart differs from a multi-man operation 
or process chart only in that a shaded 
column instead of a column of symbols 
is used to represent each item being 
charted. Since the length of each shad¬ 
ing is proportional to the amount of 
time spent on each step, the simultaneity 
of action is shown with high accuracy. 

A mvlti-man and multi-machine chart 
may be made by adding a column for 
each machine to the two preceding types 
of charts. 

Micromotion study* refers to the anal¬ 
ysis of a man work method by using a 
motion-picture camera with a timing 
device in the field of view. A constant- 
speed drive incorporated in the camera 
may serve as the timing device. Micro- 
motion study involves three steps; film¬ 
ing, analysis of the film, and graphic 
presentation. Although the usual speed 
is 16 frames per second, or 1,000 frames 
per min\ite, other speeds may be more 
convenient. For example, speeds of 50, 
60 or 100 frames per minute are ex¬ 
ceedingly useful in studying complex and 
varied tasks, long-cycle or crew activi¬ 
ties, and long-period activities. Such 
speeds reduce the amount of film used, 
and consequently the amount of film that 
has to be analyzed, by as much as 95 
per cent. Study conducted at these 
slower film speeds is frequently referred 
to as memomotion study, 

A simo {simultaneous motion cycle) 
chart is a graphic presentation of the 
separable steps of each pertinent body 
member of the individual being charted 
and is normally accompanied by the use 
of a series of 17 analysis categories called 
therbligst (see Art. 3.3B and Table 5.8) 
together with a vertical bar for each 
body member charted. Since the number 

♦Originated by Frank and Lillian Gil- 
breth. 

TAfter Gilbreth (spelled backwards), 
who developed thoiie classifications. 


of separately identified categories (17) 
is too large for convenient use of shad¬ 
ings, colors are used in the vertical bars 
on the chart; one bar for each member 
is charted and the length of each colored 
section is made proportional to the 
amount of time involved. Normally, one 
bar is provided for each hand, but ad¬ 
ditional bars may be used for fingers, 
head, eyes, feet, knees, and so on. Several 
people, working as a crew, may be 
charted together. 

A memomotion chart is a graphic pres¬ 
entation of the separable steps of a 
person’s activity as taken from a memo- 
motion film. Many of the previously 
described types of graphic presentations 
may be employed or in unusual cases 
a special set of categories may be de¬ 
veloped to accommodate the require¬ 
ments of the problem as suggested by the 
basic statement of Step B of Art. 3.3. 
Flow diagrams may also be employed 
or special tabular presentations resem¬ 
bling those described in Art. 3.5.1.2 may 
be used. 

Cyclegraphic or chronocyclegraphic 
records* are photographic records of a 
body member’s path of movement. A 
light is attached to the body member 
and the movement is photographed on 
still film. A long shutter opening equal 
to the time for a movement cycle is 
usually used, although the opening may 
be shorter or longer. In cyclegraphic 
records, a continuous light source is used. 
In chronocyclegraphic records, the light 
is caused to flash with a nonsyrametrical 
peak of brilliance! so that speed and di¬ 
rection may be measured later. The same 
result may be obtained by rotating a 
photographic wedget in front of the lens 
in lieu of a flashing light. Other arrange¬ 
ments employ stereoptical photography 
or two cameras at right angles to each 
other. A similar record may be obtained 
by plotting the path of a definite point 

* Developed by Frank B. and Lillian 
Gilbreth. 

t Developed by the Gilbreths. 

t Developed by Professors Connolly and 
Wilshire, College of Aeronautics, Cranfield, 
England. 
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on a person's hand or body from suc¬ 
cessive frames of motion pictures. All 
these photographic techniques are ex¬ 
ceedingly useful in studying skills. 

3.5.3 For Criticism. Check lists present 
desirable and undesirable features and 
facts common or pertinent to work of 
a given scope or nature. The lists are 
arranged in a fashion that facilitates 
comparison with an actual or contem-, 
plated job or process. Such a comparison 
helps the analyst to locate undesirable 
features and to insure conformance with 
desirable features. Basic data concerning 
human dimensions, capacities, and limi¬ 
tations should also be referred to. 

3.5.4 For Test. Actual forms commonly 
used for summarizing are given in Art. 
6 of this section. They are usually tabu¬ 
lar presentations which include an or¬ 
ganizational routing of the infonnation 
and a listing of the criteria of success. 
They also contain pertinent facts re¬ 
lating to the important aspects of the 


proposal under consideration as well as 
an identification of the source of esti¬ 
mated data. They usually also sunamariire 
the proposal (see Art. 3.4.5). 


3.6 SYMBOLS 

To make it easier to prepare and 

interpret data, almost all the 
graphic techniques employed in motion 
study use symbols to rejire-sent the 
various separable steps identified. These 
symbols, and the categories they repre- 
.sent, have evolved over a considerable 
period of time. They are designed to 
divide the activity under consideration 
into a minimum number of groups while 
still obtaining the benefit of division into 
unique categories for which basic facts 
may be devclojied. Symbols, together 
with the .scientific method, form the basi.s 
of motion study. The same symbols are 
used in systems analysis. 


TABLE 5.2 SYMBOLS FOR PROCESS CHART—PRODUCT ANALYSIS* 


Symbol 


Name 


Used to represent 



Ojieration 


Something done to the product at essentially one location. 


Quantity 

Inspection 


A special form of operation involving the verification of 
the quantity of a product present against some record 
of the quantity that is supposed to be there. 



Quality 

Inspection 


A special form of operation involving the verification of 
some attribute or quality of a product against a stand¬ 
ard. 



Movement 


A change in the location of a product which does not 
change it in any other way. 



Temporary 

Storage 


Controlled 

Storage 


The storage of a product under conditions such that it 
may be moved or withdrawn from storage without a 
requisition. 

Storage of a product under controls such that a requisi¬ 
tion or receipting is needed to withdraw it. 


* From Mundel, Afolztm and Time Studp: Principles and Practice, p. fil. 











TABLE 5.3 SYlitBOLS FOB FBOCEDUBE ANALYSIS CHART' 



* Ftom Mundsl, Motion and Tim* Study: pTtneiyUt and Praetieo, p. 18S. 
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3.6.T For product analysts techniques. Procedure analysis: Table 5.3. 

These symbols relate to identifiable steps 3.6.2 For man analysis techniques, 
of work done on a product or item. These symbols relate to identifiable 
Process chart—product analysis: steps of work i)erformed by a man and 

Table 5.2. also to identifiable steps in the work 


TABLE 5.4 SYMBOLS FOR PROCESS CHART—MAN ANALYSIS* 



Name 

Used to represent 

Operation 

The doing of something at one place. 

Quantity 

Determination 

A special form of operation involving the person 
determining the quantity of an item present. 

Inspection 

A special form of operation involving the person 
comparing an attribute of a product with a stand* 
ard, or verifying the quantity present. 

Movement 

A change in location: moving from one place to 
another. 

Delay 

Idleness. Waiting or moving, provided the move¬ 
ment was not part of the job and the time could 
have fieen spent waiting. 


• From Muodel, Motion and Time Study Priuciiilen and I'ractiee, p. 92. 


TABLE 5.5 SYMBOLS KOR OPER.\T10X CH.ART* 



Name 

1 

I’sed to represent 

Suboperation 

Body member doing something at one place, such as tak¬ 
ing hold, lining up, assembling, etc. 

Movement 

A movement of a body member toward an object or 
changing the location of an object, f 

Hold 

Body member maintains an object in a fixed position so 
that nork may be done with or on it at that location. 

Delay 

Body member is idle or delaying for other body member. 


* From Mundel, Motion and Time Study: PrincipUt and Prnetiee, p. 148. 

t On very long operations the analyst may combine some of these steps into Larger steps using, “fwt,” in 
place of reach far, take hold of. and bring object to work area; "aside," meaning muie object from work area, 
let go of object, and return. In such a ease the chart is described as being made with "a gross breakdown" 
and is considerably shorter than when made with the usual steps. 

















TABLE 5.6 ar^BOLS USED WITH MAN AND MACHINE OPERATION TIME 
CHART* 


Symbol t 

Name 

1 

With man activities is 
used to represent 

With machine activities is 
used to represent 



1 

Suboj>eration 

Body member or operator 
doing something at one 
place. 

Machine working (“on" 
time), machine paced. 


[ 

1 

Suboporation 

Not used. ^ 

Machine working (“on” 
time), operator paced. 


»>? 


Movement ! 

! 

Body member or operator 
moving toward or with 
an oiiject. 

Not used. 


I 

/ 

/ 

Hold 

Bod^' member maintaining 
an object in a fi.\ed posi¬ 
tion. 

Not used. 




Delay 

Body member or operator 
is idle. 

Machine i-s idle (“down” 
time). 



-* 



1 

1 


* From Mundel, Motion and Time Study I‘rineiplc» and Practice, p 180. 

t The amount of shading is chosen to 8ugge.-<t automatically the general usefulness of the step. The loss 
shading, the probable greater undesirability of the step. 


of any machines or equipment used. 

Process chart—man analysis: Table 
5.4. 

Operation chart: Table 5.5. 

For multiple-activity analysis: These 
symbols are given separately for each 
type of chart. 

Man and machine operation charts: 
Art. 3.5.2 explains the method of adapt¬ 
ing the sjTnbols shown in Table 5.5. 

Man and machine operation time 
charts: Table 5.6. 

Man and machine process charts: Art. 
3.5.2 indicates the method of using the 
symbols shown in Table.s 5 4 and 5.5. 

Man and machine process time charts: 
Table 5.7. 

Multi-man operation or process 
charts: Tables 5.4 and 5.5. 

Multi-man time charts: Tables 5.6 and 


5.7. 

Multi-man and machine charts: 
Tables 5.4, 5.5, 5.6, and 5.7. 

3.6.3 For micromotion study. These 
symbols for identifiable steps are usually 
associated with film analysis. Put, be¬ 
cause of detail, they are useful for de¬ 
tailing the concept of a contemplated job. 

Simo charts. These charts usually em¬ 
ploy therbligs as their fundamental units. 
Definitions of these units and the colors 
used to represent them on charts are 
given in Table 5.8. 

Memomotion charts. The symbols 
show'n in Tables 5.4, 5.5, 5.6, 5.7, and 
5.8 may be used in memomotion charts. 
However, special sets of steps and sym¬ 
bols designed for special problems are 
often very valuable. The series given in 
Table 5.9 was created for an analysis of 
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TABLE 5.7 SYMBOLS FOR MAK AND MACKINE PROCESS TIME CHART* 


Symbol 

Natne 

With man activities 
is used to represent 

With machine activities 
is used to represent 



1 

Operation 

The doing of something at 
one place. 

Machine working (“on” 
time), machine paced. 


1 

1 

Operation 

Not used. 

Machine working (“on” 
time), operator paced. 

1 

■ ■■ 
■ ■■ 

■■■ 
■ ■■ 
■ ■■ 
■ ■■ 
■ ■■ 


Quanti<^y 

Determination 

A special form of operation 
involving the person de¬ 
termining the quantity of 
an item present. 

Not used. 




Inspection 

A special form of operation 
invoh’ing the person com¬ 
paring an attribute of a 
product with a standard, 
or verifying the quantity 
present. 

Not used. 


%v 

1 

Movement 

A change in location; mov¬ 
ing from one place to 
another. 

Not used. 



■1 

Delay 

Idleness. Waiting or mov¬ 
ing, provided the move¬ 
ment was not part of the 
job and the time could 
have been spent waiting. 

Machine is idle (“down” 
time). 


* From Mundel, Motion and Time Study: Prineiplet and Praetiee, p, 180. 


air-crew activities* presented by means 
of a multi-man and multi-machine oper¬ 
ation time chart. Special care should be 
exercised to interpret Art. 3.3B correctly 
so as to avoid the use of irrelevant sub¬ 
divisions. Special categories may also 
make tabular presentations more effec¬ 
tive. Table 5.10 gives the results of a 
memomotion analysis of a pharmacist’s 
activity, together with the symbols used 
during the analysis. Note that Tables 

*M. E. Mundel, “Motion Study Tech¬ 
niques Which Could Be Brought To Bear 
on Desirable Size of Aircraft Crews,” 
Scientific Methods for Use in the Investi¬ 
gation of Flight Crew Requirements 
(Cambridge, Mass.: The Flight Safety 
Foundation, 194S). 


5.9 and 5.10 merely suggest approaches 
to special problems rather than com¬ 
monly used categories and symbols. 


3.7 CHECK LISTS 

An analyst will facilitate his 

activity if he will accumulate in¬ 
formation on ways, peculiar to his indus¬ 
try or type of work, of improving the 
various type of steps concerned in each 
type of analysis—that is, specific ways 
of achieving the general suggestions im¬ 
plied by the check list questions con¬ 
tained in basic check lists (see Art. 3.3C). 
The following check lists are arranged 
in the same general order as the defi- 








TABLE 5.8 THEH3L1G DEFINITIONS AND SYMBOLS* 


Color group 
and general 
characteristics 

Therblig 

Symbol 

Color 

Eagle 
pencil t 

Dixon 

Thinex 

pencil 

Definition 


Grasp 

G 

Lake red 

744 

369 

Begins when hand or body 
member touches an ob¬ 
ject. 

Consists of gaining control 
of an object. 

Ends when control is 
gained. 


Position 

P 

Blue 

741 

376 

Begins when hand or body 
member causes part to 
begin to line up or lo* 
cate. 

Consists of hand or body 
member causing part to 
line up, orient, or change 
position. 

Ends when body member 
has part lined up. 

1 

Pre¬ 

position 

PP 

Sky blue 

7403^^ 

418 

Same as position except 
used when line up is pre¬ 
vious to use of part or 
tool in another place. 

led-blue— 

terminal 

therbligs 

Use 

U 

Purple 

74232 

396 

Begins when hand or body 
member actually begins 
to manipulate tool or 
control. 

Consists pf applying tool 
or manipulating control. 

Ends when hand or body 
member ceases manipu¬ 
lating tool or control. 


Assemble 

A 

Heavy 

violet 

742 

377 

Begins when the hand or 
body member causes 
parts to begin to go to¬ 
gether. 

Consists of actual assem¬ 
bly of parts. 

Ends when hand or body 
member has caused 
parts to go together. 


Disassem¬ 

ble 

DA 

Light 

violet 

742 

422 

1 

Begins when hand or body 
member causes parts 
that were integral to be¬ 
gin to separate. 

Consists of taking objects 
apart. 

Ends when hand or body 
member has caused 
complete separation. 


Release 

load 

RL 

Carmine 

red 

745 

383 

Begins when hand or body 
member begins to relax 
control of object. 

Consists of letting go of an 
object. 

Ends when hand or body 
member has lort contact 
with object. 




TAmtS 5.8 (Continued) 


Color group 
and genered 
characteristico 

i 

Therblig 

1 

Symbol 

1 

Color 

Eagle 
pencil t 

Dixon 
Thinex i 
pencil 

Definition 

Green—gross 
movement 

Transport 

empty 

TE 

1 

Olive 

green 

739H 

391 

Begins when hand or body 
member l^egins to move 
without load. 

Consists of reaching for 
something. 

Ends when hand or body 
member touches part or 
stops moving. 

therbligs 

Transport 

loaded 

1 

1 

1 

i 

j 

1 

TL 

Grass 

grc^en 

1 

i 

1 

738 

416 

! 

i 

Begins when hand or body 
member begins to move 
with an object. 

Consists of band or body 
member changing loca¬ 
tion of an object. 

Ends when hand or body 
member carrying object 
arrives at general desti¬ 
nation or movement 
ceases. 

Gray-black— 
hesitant 

Search 

SH 

Black 

747 

379 

Begins when hand or body 
member gropes or hunts 
for part. 

Consists of attempting to 
find an object, 
lilnds when hand or body 
member has found loca¬ 
tion of object. 

movement 

therbligs 

Select 

ST 

1 

Light 

gray 

73 4 K 

i 

399 

Begins when hand or body 
member touches several 
objects. 

Cons!st.s of locating an in¬ 
dividual object from a 
group. 

Ends when the hand or 
body member has lo¬ 
cated individual object. 























TABUS 5.8 (Centtnued) 


Color group 
and general 
characteristics 

Therblig 

Symbol 

Color 

Eagle 

peucilf 

Dixon 

Thinex 

pencil 

Definition 


Hold 

H 

Gold 

ochre 

1 

j 

735 

1 

388 

Begins when movement of 
part or object, which 
hand or body member 
has under control, 
ceases. 

Consists of holding an ob¬ 
ject in a fixed position 
and location. 

Ends with any movement. 

Yellow-orange 
—delay 

Unavoid¬ 

able 

delay 

UD 

Yellow 

ochre 

736 

i 

412 

Begins when hand or body 
member is idle. 

Consists of a delay for 
other body member or 
machine when delay is 
part of method. 

Ends when the hand or 
body member begins 
any work. 

therbligs 

Avoidable 

delay 

AD 

Lemon 

yellow 

i 

• 

7351.^ 

374 

Begins when hand or body 
member deviates from 
standard method. 

Consists of some move¬ 
ment or idleness not 
part of method. 

Ends when hand or body 
member returns to 
standard routine. 


Rest for 
over¬ 
coming 
fatigue 

R 

Orange 

737 

372 

Begins when hand or body 
member is idle. 

Consists of idleness which 
is part of cycle and nec¬ 
essary to overcome fa¬ 
tigue from previous 
work. 

Ends when hand or body 
member is able to work 
again. 

Brown— 
accompanied 
by thinking 

Plan 

PN 

Brown 

746 

378 

Begins when hand or body 
members are idle or 
making random move¬ 
ments while worker de¬ 
cides on course action. 

Consists of determining a 
course of action. 

Ends when course of ac¬ 
tion is determined. 


Inspect 

1 

I 

Burnt 

ochre 

1 

745M 

1 

398 

Begins when hand or body 
member begins to feel or 
view an object. 

Consists of determining a 
quality of an object. 

Ends when hand or body 
member has felt or seen 
an object. 


* Fkhb Mundd, tfoMm and Time Study: Prineiplei arid Praetiee, pp. 22S-231. 

tTfe* eokm of aomo m fbcae poncils vary aomewhat from the standard colors. They have been sdeeted 
to aateb the standard As dosely m oommereiat pencil colors allow. 

m 





















TABLE 5.9 SYMBOLS FOR USE WITH MAN AND MACHINE ANALYSIS OF 
AIBCBAFT FLIGHT CREW 


Dixon pencil 

Category Code Color number Remarks 


Communicaiioru 


Listen 

VL 

Pink 

381 

Striped 

Voice 

W 

Vermillion 

871 

Solid 

S/P phones 

VP 

Red 

370 

Solid 

Intercom 

VI 

Lavender 

424 

Solid 

Radio 

VR 

Purple 

396 

SoUd 

Mechanical (Servo) 

VS 

Violet 

377 

Solid 

Gross movements 





Walk 

WL 

Olive green 

391 

Solid 

Walk and supervise 

WS 

May green 

416 

Solid 

Manipulations 





Adjust or operate in a special 





manner 

MS 

Sky blue 

418 

Striped 

Operate in a normal manner 

MN 

Sky blue 

418 

Solid 

Record or write 

MR 

Blue 

376 

Solid 

(If desired, this group may be expanded into the normal 17 therbligs.) 

Considerations 





Form a decision 

CD 

Brown 

378 

Solid 

Compute 

CC 

Burnt sienna 

398 

Solid 

Inspect 

Cl 

Gold ochre 

388 

SoUd 

Delays 





Unavoidable idleness 

DU 

Yellow 

374 

Solid 

Avoidable idleness 

DA 

Yellow and black 

374 

Alternate 




379 

stripes 


Machines or instruments 

Normally operating ON None Blank 

Being manipulated OM Black 379 Solid 

(Reading on instrument . . . Show actual reading in bar, at appropriate place.) 


nitions of techniques. They are by no 
means exhaustive but should be used as 
guides to indicate the type of questioning 
the analyst should engage in. 

3.7.1 For Aim. Check lists for deter¬ 
mining Aim are given in Tables 5.11 and 
5.12. In Table 5.11, which is designed to 
yield general ideas, the numbers of the 
groups of questions refer to the five 
classes of change described in Art. 3.3A. 
Table 5.12 gives possible criteria of suc¬ 
cess (see Art. 3.3A). The check list 
questions as well as the following general 
statements and questions should be con¬ 
sidered: 


The particular class of change chosen 
as an objective is a function of many fac¬ 
tors. 

The higher classes of change often take 
longer to install, affect more people, and 
require higher authority. Hence, in ad¬ 
dition to the desirability or apparent 
feasibility of the individual suggc^ons, 
the following economic and psychologi¬ 
cal factors affecting change must be 
carefully considered before a final de¬ 
cision is made: 

1. How great is the actual or ex¬ 
pected volume, and how often does 
the job occur? 










TABLE 5.10 SYMBOLS AND BESULTS OF ANALVSIS OF PHARMACIST’S PRE- 
SCEIPTION PILLING TIME* 


Description of activity 

Symbol 

Rank 

importance 

Per cent of 
time used 

Work on labels or prescription blanks. 

L 

1 

23.3 

Work wrapping..*. 

AWR 

2 

10.5 

Work putting material into prescription containers 
or with containers. 

AM 

3 

10.1 

Inspection of prescription blanks. 

IP 

4 

7.4 

Work applying labels. 

AL 

5 

7.2 

Travel to and from register. 

TR 

6 

5.4 

Work counting items. 

AC 

7 

5.2 

Travel to shelves or cupboards for material. 

TEM 

8 

5.0 

Work with balance and accessories. 

AB 

9 

4.3 

Work getting down items. 

AD 

10 

4.1 

Work compounding. 

AGO 

11 

3.9 

Work on drugs. 

ADR 

12 

3.3 

Talking to customers. 

V 

13 

2.8 

Work at cash register. 

CA 

14 

2.3 

Inspection of shelves. 

IS 

15 

2.0 

Inspection of drug containers or contents. 

IC 

16 

1.3 

Travel to shelves or cupboards to put away. 

TLM 

17 

1.1 

Work putting up items. 

u 

18 

.6 

Work with liquid measures. 

ALI 

19 

.2 

Total . 

100.0 





* From Mundel, Motion and Tint Study: Prineipleo and Praciiee, p. 210. 


2. How long will the job exist? 

3. How much time, per unit, is spent 
on the job? 

4. How much time is available to 
work up the change? 

6. How much equipment is already 
invested in the job? 

6. How much analysis time will be 
required ? 

7. How much loss of production or 
sales will be caused by the change? 

8. How much retraining will be re¬ 
quired ? 

9. What saving will the change ef¬ 
fect? 

10. What is the position of the analyst 
in the plant organization? 

11. What personalities are involved? 

12. What plant policies alfect the 
problem ? 

13. Is the product for plant use or 
for customers? 

14. What do other interested groups 
in the organization think of the 
feasibility of the suggestion? 

The importance of each factor will 


vary from case to case. The order in 
which they are given here docs not neces¬ 
sarily indicate their relative importance. 
The analyst must weigh and evaluate 
them for each situation. 

3.7.2 For product analysis techniques. 
Check lists follow for the major tech¬ 
niques defined in Art. 3.5.2.I. 

Process chart — product analysis: 
Table 5.13. 

Procedure analysis: Table 5.14. 

3.7.3 For man analysis techniques. 
The following check lists relate to indi¬ 
vidual techniques and to groups of tech¬ 
niques. 

Process chart—^man analysis: Table 

5.15. 

Operation chart: A check list for use 
with operation charts is given in Table 

5.16. Related basic data are given in 
Fig. 5.1.* 


*866 also The Handbook of Human 
Engineering Data, 2nd ed. (The Special 
Devices Center, Office of Naval Research, 
1951). 
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TABLE 5.11 CHECK LIST FOR POSSIBILITY GUIDE* 


5. Can a slightly different raw material be ordered or can the same material be 
ordered in a form that would be more advantageous? Can we change: 

a. Shape 

b. Size 

c. Packaging 

d. Quantity packaged together 

e. Material 

f. Amount of processing done by supplier 

g. Color 

h. Finish 

i. Any other specification 

j. The product so as to make any material or auxiliary material unnecessary 
4. Can the product be made, sold, or sent out in a more advantageous form? 

Can we: 

a. Modify design 

b. Pack differently 

c. Change finish 

d. Change weight 

e. Change tolerances 

3. a. Can we do the different jobs along the route between receiving and ship¬ 
ping in a different order? 

b. Is any step unnecessary? 

1. What does it accomplish? 

2. Why is it done? 

3. What would happen if it were not done? 

c. Can we combine any steps? 

d. Can we advantageously break any job into two or more separate operations? 
2. a. Can any new tools or equipment or a change in the workplace make any 

job in the sequence easier? (This is almost always possible.) 

b. Can any tool or equipment be eliminated advantageously? 

c. Can any two tools be combined? 

1. Can a new motion pattern make any job in the sequence easier? This is almost 
invariably true. Specific suggestions are usually more ea.sily made after the method 
analyst is more familiar with the man-analysis techniques; hence, at this point, a 
mere list of the possible jobs that may be looked into or some rough suggestions 
will probably be all the student is capable of. (The analyst also tries to eliminate 
motions. In actual practice, as will be evident later, this part of the analysis may 
be done in more detailed fashion.) 


* From Mundel, Motion and Time Study: Principles and Praetiee, p. 34. 


Multiple activity: Check lists for use 
with multiple activity charts should be 
used in conjunction with the check lists 
relating to the basic charts of which 
they are an elaboration. 

Man and machine charts: Table 5.17. 

Multi-man charts: Table 5.18. 

Micromotion study. Check lists are 
available only for commonly used break¬ 
downs. The analyst working with un¬ 


usual breakdowns will have to organize 
,his own data. 

Therbligs and simo charts: Table 
5.19. 

Memomotion study. If appropriate 
check lists are available, they should be 
used. In most cases, however, new check 
lists, related to the criteria of success 
being used must be created when new 
breakdowns are used. See Table 5.12. 


SOI 




TABLB 5.12 LIOT OF CBITSaU OF PBBF1»ENCK* 


1. Greater economy ol operation: 

a. Through less time for the job. 

b. Through less effort required by the job. (These first two are often synonymous 
if only manual methods are altered.) 

c. Through less scrap. 

d. Through less material in the product. 

e. Through a change in amount of indirect labor. 

f. Through the use of less expensive equipment. 

g. Through the use of fewer people. 

h. Through the use of less critical skills, 

i. Through the use of less critical machines. 

j. Through the use of less space. 

k. Through the use of less in-production time. 

2. Better product in respect to function or salability: 

This is a long range aspect of number 1, although it may involve greater cost 
of operation on a particular job. It may, however, in many situations be ac¬ 
complished with less cost and is then doubly desirable. 

3. Better material control: 

This is also an economic objective as it relates to inventory cost, scheduling 
and control functions, and customer service. 

* For industries or activities other than manutacturinf these criteria may need to be restated; i.e., in de¬ 
partment store work as with other service occupations, customer service is ol extreme importance; in medical 
work, patient safety assumes increased importance, etc. Adapted from Mundei, Motion and Ttme Study: 
PnneiplM and Pract%eo, pp. 27-2S. 

TABLE 5.13 CHECK LIST FOR PROCESS CHART — PRODUCT ANALYSIS* 


Baaic Principles 

A. Reduce number of steps 

B. Arrange steps in best order 

C. Make steps as economical as possible 

D. Reduce handlings 

E. Combine steps if economical 

F. Shorten moves 

G. Provide most economical means for moving 

H. Cut in-process inventory to workable minimum 

I. Use minimum number of control points at most advantageous places 

1. Can any step be eliminated? 

a. u unnecessary (Ask: Why is it done?) 

b. by new equipment (Ask: Why is present equipment used?) 

c. by changing the place where it is done or kept (Ask: Why is it done there?) 

d. by changing the order of work (Ask: Why is it ^one in its present order?) 

e. by changing the product design (Ask: Why is it done as it is?) 

f. by changing the specifications of the incoming supply (Ask: Why is it 
ordered in its present form or used at all?) 

2. Can any step be combined with another? 

Are there any possible changes that would make this feasible in 

a. workplace 

b. equipment 

c. order of steps 

d. product design 

e. specification of supply or any raw material 

3. Can the steps be rearranged so as to make any shorter or easier? 

4. Can any step be made easier? 

(If this looks like A possibility, make further detailed analysis of this step. 
Analyses for this purpose will be discussed in later chapters.) 

* From Mundei, AfeMmt/afdt Time Study: PrtnetpfM and iVoeiu*, p. 80. 







TABU) S*I4 CHECK LIST FOB PBOCBDUBB ANALY5IB 


1. Elach step should be necessary. If not, eliminate it. 

2. Each step should have a reason for being by itself. Can it be combined? 

3. Each step should have an ideal place in sequence. Where should it be? 

4. Each step should be as easy as possible. 

5. Elach form should have a real purpose. Verify it. Is the form necessary? Can 
it be eliminated, combined with another form, or replaced by a copy of another 
form? 

6. E^es should have a purpose. Do they? Avoid duplication. Avoid expess files. 
E^le by subject used to enter files. Check on manner of use. 

7. If form is fi^lly destroyed; it should never, in some cases, have been orifpnated. 

8. Information going from one form to another suggests more copies in the first 
place. Are all information take-offs and readings necessary? If so, which are 
going to be given priority for design. 

9. Are all copies getting equal use? Sharing the load may speed up the procedures. 

10. Does someone sign all copies? How can this be avoided? Signers are busy. 

11. Is there excess checking? 

12. Where is the beet place to check? Calculate the risk. 

13. What would happen if a form was lost? 

14. What equipment might help the job? (See commercial catalogs.) 

15. Does one person have too much of the procedure. 

16. Are as many steps as possible given to the lowest classification personnel ap¬ 
plicable? 

17. Can travel of forms be advantageously reduced? 

18. Can the form be kept in action, out of file baskets? 





TABLE 5.15 ClbBCK LIST BOB FBOCE8S CHAKT—MAN ANALTSB3 


Banc Principle* 

A. Ellirainate AH ponible steps 

B. CTombine steps 

C. Shorten steps 

D. Place in best sequence 

E. Make each step as economical as possible 

1. Can any operation be eliminated, combined, shortened, or made easier? 

a. u unnecessary 

b. by changing the order of work 

c. by new or different equipment 

d. by changes in the layout; by grouping equipment better 

e. by changing the form of the product sent out 

f. by more knowledge on part of the worker 

2. Can any morement be eliminated, combined, shortened, or made easier? 

a. by leaving out operations 

b. by changing the places where things are kept 

e. by shifting some operations to another job into which they fit more con¬ 
veniently 

d. by changing the layout 

e. by changing equipment 

f. by changing tlw order of work 

g. by conveyors (make sure they ace economical) 

3. Can delays be eliminated, combined, or shortened? 

a. by changing the order of work 

b. by changing the layout 

c. by new or different equipment 

4. Can countings or inspections be eliminated, combined, shortened, or made 
easier? 

a. Are they really necessary; what happens after they are done and the infor¬ 
mation obtained 

b. Do they provide unnecessary duplication 

c. Can they be performed more conveniently by another person 

d. Are they done at the best point in the sequence 

e. Can sample inspection or statistical control be used 

5. Can any step be made safer? 

a. by changing the order of work 

b. by new or different equipment 

c. by changing the layout 


** From Muadsi. Motion and Timt Studt/; PrinotpUo and Praetieo, p. 98. 
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TAmj: 5.16 ghsck ubt fob opsbatiok chabt* 


Basic Principles 

A. R«duce total steps to minimum 

B. Arrange in best order 

C. Combine steps where feasible 

D. Make each step as easy as possible 

E. Balance the work of the hands 

F. Avoid the use of the hands for holding 

1. Can a suboperation be eliminated? 

a. as unnecessary 

b. by a change in the order of work 

c. by a change of tools or equipment 

d. by a change of layout of workplace 

e. by combining tools 

f. by a slight change of material 

g. by a slight change in product 

h. by a quick-acting clamp on jig, if jigs are used 

2. Can a movement be eliminated? 

a. as unnecessary 

b. by a change in the order of work 

c. by combining toob 

d. by a change of tools or equipment 

e. by a drop disposal of finished materiid 

(The less exact the release requirements, liie faster the release.) 

3. Can a hold be eliminated? (Holding is extreniely fatiguing.) 

a. as unneoessaiy 

b. by a simple holding device or fixture 

4. Can a delay be eliminated or shortened? 

a. as unnecessary 

b. by a change in the work that each body member does 

c. by balancing the work between the body members 

d. by working simultaneously on two items 

(Slightly less than double production is possible with the typical person.) 

e. by alternating the work, each hand doing the same job, but out of phase 

5. Can a suboperation be made eaner? 
a. by better tools 

(Handles should allow maximum flesh contact without sharp comers for 
power; easy spin, small diameter for speed on light work.) 



TiLBLE 5.16 (Continued) 


b. by changing leverages 

e. by changing positions of controls or tools 
(Put into normal work area—Fig. 5.1 

d. by better material containers 

(Bins that permit slide grasp of small parts are preferable to bins that 
must be dipped into.) 

e. by using inertia where possible 

f. by lessening visual requirements 

g. by better workplace heights 

(Keep workplace height below elbow.) 

6. Can a movement be made easier? 

* a. by a change of layout, shortening distances (see Fig. 5.1) 

(Place tools and equipment as near place of use and as nearly in pomtion 
of use as possible.) 

b. by changing direction of movements 

(Optimum angle of workplace for light knobs, key switches, and hand- 
wheels is probably 30® and certainly between 0® to 45® to plane perpen¬ 
dicular to plane of front of operator’s body.—Unpublished Purdue Re¬ 
search) 

c. by using different muscles 

Use the first muscle group in this list that is strong enough for the task: 
(See Fig. 5.1 for visual items that may affect this order) 

1. finger (not desirable for steady load or highly repetitive motions) 

2. wrist 

3. forearm 

4. upper arm 

5. trunk (for heavy loads shift to large leg muscles) 

d. by making movements continuous rather than jerky 

(See Fig. 5.1) 

7. Can a bold be made easier? 

a. by shortening its duration 

b. by using stronger muscle groups, such as the legs, with foot-operated vises 
* From Mundd, Motion and Time Study: Prinetpleo and Praetiet, pp. 153-1&4. 
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TANJG 5.17 CSiCE LIST FOB MAN AND MACBINS CHABTO* 


Batie Prineijde* 

A. Eliminate atepfl 

B. Combine steps 

C. Rearrange in best fashion 

D. Make each step as easy as possible 

E. Raise percentage of cycle of machine running time to maximum 

F. Reduce machine loading and unloading to minimum 

G. Raise machine speed to economic limit 

(The first seven questions that follow are similar to those used with operation 
charts, where more detail was given; hence, the reader is also referred back 
to them. The bare questions are given here so as to provide at one place, all 
of the check-list items to be used.) 

1. Can a suboperation be eliminated? 

a. aa unnecessary 

b. by a change in the order of work 

c. by a change of tools or equipment 

d. by a change in layout of the workplace 

e. by combining tools 

f. by a slight change of material 

g. by a slight change in product 

h. by a quick-acting clamp on the jigs or fixtures 

2. Can a movement be eliminated? 

a. as unnecessary 

b. by a change in the order of work 

c. by combining tools 

d. by a change of tools or equipment 

e. by a drop disposal of finished material 

3. Can a hold be eliminated? (Holding is extremely fatiguing.) 

a. as unnecessary 

b. by a simple bolding device or fixture 

4. Can a delay be eliminated or shortened? 

a. as unnecessary 

b. by a change in the work each body member does 

c. by balancing the work between the body members 

d. by working simultaneously on two items 

e. by alternating the work, each band doing the same job, but out of phase 




TA»LK S.I7 iContimed) 


5. Cao a auboperation be made easier? 

a. by better took 

b. by changing leverages 

c. by changing positions of controls or tools 

d. by better material containers 

e. by using inertia where p>oasible 

f. by lessening visual requirements 

g. by better workplace heights 

6. Can a movement be nuide easier? 

a. by a change of layout, shortening distances 

b. by changing the direction of movements 

c. by using different muscles (see Fig. 5.1) 

Use the first muscle group in this list that is strong enough for the task: 

1. finger 

2. wrist 

3. forearm 

4. upper arm 

5. trunk 

d. making movements continuous rather than jerky 

7. Can a hold be made easier? 

a. by shortening its durafion 

b. by using stronger muscle groups, such as the legs, with foot-operated vises 

8. Can the cycle be rearranged so. that more of the handwork can be done during 
running time? 

a. by automatic feed 

b. by automatic supply of material 

c. by change of man and machine phase relationship 

d. by automatic power cut-off at completion of cut or in case of tool or mate¬ 
rial failure 

9. Can the machine time be shortened? 

a. by better tools 

b. by combined tools 

c. by higher feeds or speeds 


* From Mundel, Motion and Tim» Study: PrineijUtM and Praettee, pp. 175-176. 





tabu: 5.18 CBt&CK LIST FOB MULTI>MAN Am> ACXTLTl-MAN AND MACHINB 
ntOCESS CHARTS* 


Basic Principles 

A. Balance the work of the crew 

B. If a machine ia involved, consider increasing percentage of use 

C. Ease the job of the most-loaded man 

D. Eliminate steps 

E. Combine steps 

F. Make steps as easy as possible 

1. Can any operation be eliminated? 

a. as unnecessary 

b. by changing the order of work 

c. by new or different equipment 

d. by changes in the layout 

2. Can any movement be eliminated? 

a. by leaving out operations 

b. by shifting some operations to another job into which they fit more con¬ 
veniently 

c. by changing equipment 

d. by changing the layout 

e. by changing the order of work 

f. by conveyors (Make sure they are economical.) 

3. Can delays be eliminated? 

a. by changing the order of work 

b. by changing the layout 

c. by new or different equipment 

4. Can counting or inspections be eliminated? 

a. Are they really necessary; what happens after they are done and the 
information obtained 

b. Do they give unnecessary duplication 

c. Can they be performed more conveniently by another person 

d. Are they done at the best point in the sequence 

5. Can operations be combined? 

a. by changing the order of work 

b. with new or different equipment 

c. by changing the layout 

6. Can movements be combined? 

a. by changing the order of work 

b. by changing the layout 

c. by changing the quantity handled at one time 

7. Can delays be combined? 

a. by changing the order of work 

b. by changing the layout 

c. if they provide rest, can they be grouped better 

8. Can countings or inspections be combined? 

a. by changing the order of work 

b. by changing the layout 

9. Can any step be made safer? 

a. by changing the order of work 

b. by new jr Cerent equipment 

c. by changing the layout 

10. Can any operation be made easier? 

a. by a better tool 

b. by changing positions of controls or tools 

c. by using better matenal containers or racks, bins, or trucks 

d. by -using inertia where possible and avoiding it where worker must over¬ 
come it 







TABLB 5.18 (Continusa) 


e. by lessening visual requirements (see Fig. 6.1) 

f. by better workplace heights 

g. by using different muscles (see Fig. 5.1) 

Use the first muscle group in this list that is strong enough for the task: 

1. finger 

2. wrist 

3. elbow 

4. shoulder 
6. trunk 

h. by jigs or fixtures 

11. Can any movement be made easier? 

a. by a change in layout, shortening distances 

b. by a change in the direction of movements 

c. by changing its place in the sequence to one where the distance that must 
be traveled is shorter 

12. Can any delay of one crew member, caused by another crew member, be 
eliminated? 

a. by changing the number on the crew 

b. by changing the number of machines that the crew uses 

(One must again bear in mind the following four possibilities, which 
were listed previously in connection with man and machine charts.) 

1. Reduction of ofierator delays to the minimum required for rest and 
personal time. There may be considerable machine delay. 

2. Reduction of machine delays to the minimum required to provide 
the operator with rest and personal time, at which times the machine 
is unattended. There may be considerable other operator delay. 

3. Reduction of machine and operator delays such that they will pro¬ 
vide the most economical balance. 

4. Reduction of both operator and machine delays to the minimum re¬ 
quired to provide the operator with rest and personal time. 

c. by a redistribution of the work among the crew 

d. by changing the order of work of the crew 


* From Mundel, Motion and Time Study: Pnneiptee and Practtee, pp. 200-201. 


m 





-3 

I 

I 

a> 



















U, A, Minimum tool work Power .Mlow free action of tools Not in way of tools Natural motions 

and Reduce screw lengths Ratchets Guide tools Too! holders Lightest muscle group 

DA Easy to get at Combined tools Bevel bushings Convenient height able to do job 

Combine parts PP tools Bullet top on locating Proper leverage 



once provided this 
does not interfere in 
sub'Cfpient P 













TABLE 5.19 {Continued) 



314 


Fnm Mundd, Motion and Time Study: PrumyUe and Praettce, pp. 246-249. 
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From Mundel, Motion and Timt Studtf- Principlet and 
Practice, p. 38. 


FIG. 5.2 ARMATURE ARM. 


3.8 FORMS AND ILLUSTRATIONS 

Because of space requirements, a 
simple illustration has been given 
in each case. As the complexity of the 
problem increases, the advantage of the 
graphic technique as an aid to under¬ 
standing also increases. 

3.8.1 For establishing Aim. The forms 
given are only samples. In practice, 
many versions exist. 

Possibility list and guide. A possibility 
list for the manufacture of an armature 
arm (see Fig. 6.2) is given in Fig. 5.3. 
Here the possibilities and the classes of 
change affected are listed, but not the 
consequences. A form for detailing the 
consequences is shown in Fig. 5.4. 

Activity chart: Fig. 5.5. Work dis¬ 
tribution chart: Figure 6.6. 

Machine load chart: This type of 
chart is similar to that shown in Fig. 5.5, 
but the machine rather than the person 
is the subject. 

Functional form analysis chart: Fig. 
5.7. 

3.8.2 For Analysis. Sample forms for 
both product and man analysis tech¬ 
niques are given. In practice, many vari¬ 
ations exist. 

3.8.2.1 For product analysis. Only 
simple cases are shown, in the form in 
which they would appear in practice. 

Process chart—product analysis: A 
simple process chart—product analysis 
of a materials handling problem is shown 
in Fig. 5.8. An improved method is 


shown in Fig. 5.9. A more complex type 
of chart is shown in Fig. 5.10. This type 
is sometimes useful for the entire manu¬ 
facture of a complex product. In prepar¬ 
ing such a chart, a large ruled sheet or 
even a blank sheet of paper would be 
used in preference to a form. In other 
cases, a preprinted form such as that 
shown in Fig. 5.11 may be used. In the 
illustration given, a paper-work problem 
is being followed. Although paperwork is 
commonly analyzed in this manner, it is 
suggested that the method of Fig. 5.14 
is preferable for paperwork. 

Flow diagram: The original flow dia¬ 
gram of the process charted in Fig. 5.8 
is shown in Fig. 5.12, and the improved 
method is shown in Fig. 5.13. 

Procedure analysis chart: A simple 
procedure analysis chart showing the ac¬ 
tivity with forms and of the personnel 
concerned with the forms is shown in 
Fig. 5.14. Although the charts for com¬ 
plex procedures may become rather 
large, they greatly facilitate understand¬ 
ing, study, discussion, and improvement. 
Indeed, without charting, some proce¬ 
dures defy understanding. 

3.8.2.2 For man analysis. Samples of 
the various charts are given as they 
would appear in practice. In actual use, 
of course, many varieties appear. 

Process chart—^man analysis: An 
original process chart—^man analysis is 
given in Fig. 5.15. The improved version 
shown in Fig. 6.16 resulted from apply¬ 
ing the check list in Table 6.15. 





From Mundel, Motion and Time Study: fnnciplet and 
Practice, p. 3fl. 


FIG. 5.3 POSSIBILITY LIST. 











917 


. ^ From Mundel, Motion ond Time Study: Prineiplei and 

FIG. 5.4 POSSIBILITY GUIDE. Praciue, p. 40. 
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From "Techniqups of Woik Simplification,” Dept, of 
Army, Pamphlet 20-300, June, 1951. 


FIG. 5.7 FUNCTIONAL FORMS ANALYSIS CHART. 


Four general situations are encoun¬ 
tered in applying process charts—man 
analysis. 

1. The work has a single repeated cy¬ 
cle. Here a cvolo is defined iis all 
the steps necessary to bring a unit 
of product to the state of com¬ 
pletion typical of the operation, 
or as all the steps typical of a single 
performance of the task. A single 
cycle is charted. 

2. The work is cyclic, but includes 
several subcycles performed with 
different frequencies. For instance, 
the worker may perform subcycle 
A on each part and then subcycle 
B for ten parts together. The chart 
will show one performance of each 
subcycle and will al.so indicate its 
frequency. 

3. The work varies from cycle to cycle. 
A. Some variations result from op¬ 
erator habit rather than from 
the inherent nature of the job 
(as in some maintenance work). 
Conseauently, the analyst may 


have to plot several cycles in 
order to get enough material 
from which to develop a pref¬ 
erable work paltern. 

B. Other variations are inherent in 
the job. Each performance may 
differ in detail but not in gen¬ 
eral pattern. In such a case, 
sample cycles are drawn to indi¬ 
cate the general pattern and the 
varying details. The factors con¬ 
trolling the variation are 
weighted approximately. 

In either A or B, the applica¬ 
tion of the more complex memo- 
motion study may be useful. 

4. The work is non-cyclic. This is usu¬ 
ally true of supervisory and similar 
activities. Here the chart may lead 
only to general suggestions for im¬ 
proved planning. 

Man flow diagram: A man flow dia¬ 
gram corresponding to the job shown in 
Fig. 5.15 is given in Fig. 5.17. 

Operation chart. A simple operation 
chart for the original method of drilling 
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From Mundel, Motion and Time Sfudy: Prmciple* and 
Practice, p* W. 


FIG. 5.8 PROCESS CHART—PRODUCT ANALYSIS FOR 
ORIGINAL METHOD OF HANDLING REFRIG¬ 
ERATOR FOOD SHELVES FROM BULK STORAGE 
TO PLATING DEPARTMENT. 
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From Mundet, Motion and Time Study: Prineiplet and 
Practice, p. 02. 


FIG. 5.9 PROCESS CHART—PRODUCT ANALYSIS FOR 
improved method OF PROCESS OF FIG. 5.8. 




From Mundel, Motion and Time Btvdy: Principlee and 
Practice, p. M. 


FIG. 5.10 PROCESS CHART-PRODUCT ANALYSIS FOR 

PROPOSED METHOD OP MANUFACTURE OP 
UNIVERSAL JOINT. 
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From “'I’echniques of VVoik >Sun[)lirication/' Dept, of 
Army, Pamphlet No. 20-1100, June, 1951. 


FIG. 5.11 PROCESS CTIART—PRODUCT ANALYSIS US 
ING PREPRINTED FORM. 
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From Mundel, Motion and Time Sttuiy; Principles and 
Practice, p. 61. 


FIG. 5.12 FLOW DIAGRAM FOR PROCESS* CHARTED IN 
FIG. 5.8. 
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hinge channels is shown in Fig. 5.18. The 
workplace is shown in Fig. 5.19 and the 
hinge channel itself in Fig. 6.20. 

As with process charts—man analysis, 
four types of jobs, with the following 
characteristics, may be encountered: 

1. The work has a single repeated cy¬ 
cle. 

2. The work is cyclic, but there are 
several subcycles performed with 
different frequency. 

3. The work varies from cycle to cy¬ 
cle. 

4. The task is such that there is no 
regular cycle. 

The method of handling these differ¬ 
ent types of jobs is essentially similar 
to the procedure used with process 
charts—^man analysis, except tlmt the 
work of the individual body members is 
studied rather than the worker as a 
whole. 

Multiple activity. Sample charts are 
shown for the major types. Other forms 
may appear in practice. In extremely 
complex cases, large sheets of graph or 


tracing paper may be preferable to a 
ruled form. 

Man and machine operation charts: 
A chart showing the original method of 
performing an operation on a centerless 
grinder is given in Fig. 5.21. 

Man and machine operation time 
chart: The chart in Fig. 5.22 shows an 
improved method of performing the 
same operation shown in Fig. 5.21. 

Man and machine process time chart: 
The chart in Fig. 5.23 shows the 
operation of wind, stretch, chop, and 
peel radio-tube grids with the aid of 
a grid lathe. 

Multi-man and machine process chart: 
The chart in Fig. 5.24 shows the original 
method for a three-man crew cutting 
studs on a cut-off saw. 

Multi-man and machine time charts: 
The chart in Fig. 5.24 shows an im¬ 
proved method for performing the same 
operation shown in Fig. 5.25. 

For micromotion study. Many of the 
charts previoBsly described may be made 
with the aid of micromotion study. Three 
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From Mundel, Motion and Time Study: Principle! and 
Practice, p. 95. 


FIG. 5.15 PROCESS CHART—MAN ANALYSIS FOR 
ORIGINAL METHOD OF INSPECTING PRO¬ 
DUCTION OF COPPER WIRE. 
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From Mundel, Motion and Time Study: Prineiplet and 
Prarttce, 184. 


FIG. 5.18 ORIGINAL OPERATION CHART FOR DRILL 


HOLES IN HINGE CHANNEL. 







From Mundel, Afo^im and Time Study: Princtplee and 
Practice, p. 165. 


FIO. 5.20 HIMGE CHANNEL. 
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From Mundel, Motion and Time Study: Prtneiplei and 
Practice, pi 172. 


FIG. 5.21 MAN AND MACHINE OPERATION CHART 
FOR ORIGINAL METHOD OF CENTERLESS 
GRIND AIRCRAFT-ENGINE BEARING. 
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From Mundel, Motion and Time Study: Principlet and 
Practice, p. 182. 


FIG. 5.22 MAN AND MACHINE OPERATION TIME 
CHART FOR IMPROVED METHOD OP CEN¬ 
TERLESS GRIND AIRCRAFT-ENGINE BEAR¬ 
ING. 
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From Mundel, Motion and Time Stud)/: J'rinetplsi and 
Practice, p. 188. 


FIG. 5.23 MAN-AND MACHINE-PBOCESB TIME CHART 
FOR ONE-MAN CREW ON WINDING, 
STRETCHING, CHOPPING AND PEELING 
RADIO-TUBE GRIDS. 



























From Muadel, Motion and Tima Study: Prineiplaa and 
Practice, p. M4. 


no. 5.24 SIMO-CHABT FOB ORIGINAL METHOD OF 
ASSEMBLING DBOPPER BOTTLE TOPS. 
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Prom Mundel, Motion and Time Study: Principlet 
and Practice, p'. 241. 


FIG. 5.27 PARTS OP MEDICINE-BOTTLE DROPPER TOP 
AND ASSEMBLY. 


steps are involved: filming, film analysis, 
and charting. 

Simo charts: A simo chart, with ther- 
bligs, for a simple assembly operation, 
is shown, in Fig. 5.26. The parts are 
shown in Fig. 5.27. The form used to 
record the film data, including the work¬ 
place layout, is shown in Fig. 5.28. An 
analysis of the film of one cycle of the 
operation from which the chart was 
made is shown in Fig. 5.29. 

Memomotion chart: Sections of a 
memomotion chart (a process time chart 
—man analysis) of a hotel maid cleaning 
a hotel room are shown in Fig. 5.30. 


3.9 OUTLINES OF PROCEDURES 

Procedures for the major tech¬ 
niques are outlined below to pro¬ 
vide a general guide to use. Since the 
same graphic techniques are used for 
analysis, innovation (synthesis), and 
test, the outline for each technique indi¬ 
cates how it is used at each step. 

3.9.1 For establishing Aim. The fol¬ 
lowing outline indicates how a possibility 
guide is used. A similar procedure is 
followed with other related techniques. 

1. Uses: 

a. Aids in systematically listing 
possible changes and in collecting 


material from which to deter¬ 
mine an objective. 

b. Aids in determining a suitable 
analysis technique. 

c. Indicates which divisions in the 
organization will be affected. 

2. How made: 

a. Either a form as shown in Fig. 
5,3 or a blank sheet of paper 
may be used. 

b. The analyst states his criterion 
of success. 

c. The analyst determines roughly 
the degree of change that is war¬ 
ranted. 

d. With the aid of a check list, the 
analyst lists the possibilities that 
occur to him, tempering his 
imagination with the decision 
reached in the previous step, 
identifies each possibility as to 
class of change and other areas 
affected, and gives each possi¬ 
bility an identifying number. 

e. The analyst expands each possi¬ 
bility on a detailed possibility 
guide form, or on a blank sheet 
of paper, so that he may examine 
the consequences of each. 

3. How used; 

a. Aided by his knowledge of buri- 
ness and manufacturing, and of 
the economic and psychological 
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From Mubdel, Motion and Time Study; Prmciplet and 
Practice, p. 342. 


FIG. 5.28 FILM DATA SHEET FOB FILM USED FOB 
FIG. 5.26. 
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factors involved, the analyst se¬ 
lects the class of change or the 
possibility that appears most 
feasible. Several persons may 
participate in this step. 

b. On the basis of the above de¬ 
cision and the nature of the job, 
the analyst selects an appro¬ 
priate analysis technique from 
those listed in Table 6.1. 

4. What then: 

The analyst is now ready for 
Step B (Analysis) of the logical 
approach. Although the trained 
analyst may not draw up a for¬ 
mal possibility guide, his think¬ 
ing should follow its pattern. 
Experience suggests, however, 
that the formal approach is usu¬ 
ally much more productive than 
the informal approach. 

3.9.2 For product analysis techniques. 
The procedures for using two different 
techniques are given. 

3.9.2.1 Process chart—product analy¬ 
sis. 

1. Uses: 

a. Provides a last check prior to a 
Class 1 or 2 change. (See Art. 
3.3A.) 

b. Supplies information leading to 
a Class 3, 4, or 5 change. 

c. When planning for the manufac¬ 
ture of a product or the making 
of a plant layout. 

2. How made: 

a. A form may be used, or a blank 
sheet of paper may be substi¬ 
tuted. 

b. If possible, actually observe the 
process. If the item is not in 
process, or if direct observation 
is inconvenient, use a scale floor 
plan. Actual observation is more 
desirable, since discrepancies 
often exist between the supposed 
process and the actual process. 

c. Pick '1 convenient starting place 
for the analysis. 

d. Classify the first step according 
to the categories listed in Table 
5.2. 

e. On the first line of the chart, 
enter the proper symbol and 


description. If the step is a 
movement, pace off the distance 
or measure it by some other 
means. In the quantity column, 
always show the amount handled 
as a unit on that step; if the 
step is a storage, indicate the 
usual maximum quantity. If a 
time measurement is desired for 
the step, use an ordinary watch 
or a stop watch, or consult the 
file of standard times if it is 
available. 

f. On the second line, enter the 
proper symbol for the second 
step, and so on. 

g. Make a separate entry every 
time the item moves from one 
workplace to another, waits, is 
inspected, or is worked on. How¬ 
ever, movements that occur at a 
given workplace are not usually 
noted separately. 

3. How used: 

Each step of the process is checked 
against the questions in the check 
list being used. 

4. What then: 

A process chart—product analysis 
is drawn for a resulting suggested 
improved method in order to per¬ 
mit a final check and to provide a 
means of describing the proposed 
new method. 

3.9.2.2 Procedure analysis chart. 

1. General Goal. (Follow A, B, or C 
as applicable.) 

A. If problem is design of a new 
procedure and/or form(s): 

1. Define purpose. 

2. Determine what organiza¬ 
tional segments will be af¬ 
fected. 

3. Determine what personnel 
will be affected. 

4. Determine relationship to ex¬ 
isting procedures and forms. 

6. Determine applicable regula¬ 
tions. 

B. If problem is unspecified, and if 
the problem area must be ex¬ 
amined before the specific prob¬ 
lem can be defined: 

1. To analyze problem from 
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viewpoint of fonns and form 
load, use functional forms 
analysis chart (Art. 3.5.1.5). 

a. Designate all forms dupli¬ 
cating one function for de¬ 
tailed study. 

2. To analyze problem from 
viewpoint of personnel and 
work load, use work activity 
analysis (Art. 3.5.1.2). 

a. Supply personnel con¬ 
cerned with ruled sheets 
divided into three col¬ 
umns: Time, Activity, Re¬ 
marks. 

b. Request personnel to 
maintain log of their ac¬ 
tivity for adequate period. 

c. Explain purpose in detail 
and assist in preparing 
standard terms for de¬ 
scribing major activities to 
facilitate later summariz¬ 
ing. 

d. Answer questions. 

e. Assist and supervise col¬ 
lection of data. 

f. Determine most pressing 
needs from above data and 
designate activities that 
need detailed study. 
{Note: A record may also 
be made of overloaded 
equipment.) 

C. If problem is the improvement 
of a specific procedure and/or 
form(s): 

1. Determine nature of specific 
problem and decide whether 
problem is: 

a. Redesigning a procedure. 

b. Redesigning a form. 

2. Specific Goal (Selecting an objec¬ 
tive or guide. If problem concerns 
the initial design of a procedure or 
form, select mos. desirable objec¬ 
tives to optimize; note that it is 
difficult to optimize ail factors at 
once.) 

A. Consider the following list of 
possible objectives: 

1. Fewer people. 

2. Fewer steps (in procedure 
or in using form). 


t3.V.24 

3. Less time on a step or steps. 

4. Less time in production (for 
all-over procedure to be 
completed). 

5. Less space. 

6. Less time spent in using 
critical skills or critical per¬ 
sonnel. 

7. Less time spent on critical 
equipment. 

8. Increased quality (accu¬ 
racy). 

9. Less cost. 

10. Less skill needed for various 
steps. 

11. Better control. 

12. Other (st.ate). 

B. Using experience, direction, or a 
balancing of needs to guide you, 
select one or more as an objec¬ 
tive. 

C. Check the objective selected 
with your superior or with af- 
fecterl personnel. 

3 Preliminary Analysis. 

A. Determine roughly the degree 
of change that is desirable or 
feasible. 

1. Consider the following fac¬ 
tors: 

a. How great is the actual or 
expected volume of the 
activity? 

b. How long will it last? 

c. How much time, per unit, 
is spent on the job? 

d. How much time is avail¬ 
able to work up a change? 

e. How much is already in¬ 
vested in equipment for 
the job? 

f. How much analysis titne 
will be required? 

g. How much time would be 
lost in a change? 

h. How pressing is the need? 

i. How much retraining 
would be required? 

j. What is the possible sav¬ 
ing? 

k. What personalities are in¬ 
volved? 

i. Does policy allow a 
change? 
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m. Is any aspect beyond 
control; if it is, who must 
be consulted? 

B. Evaluate each of the above fac¬ 
tors as well as possible at this 
initial stage. 

C, On the basis of this evaluation, 
set rough limits for the analy¬ 
sis activity. 

4. Follow either A or B below, as 
applicable. 

A. ,For the analysis of an existing 

procedure: 

1. Using symbols of Table 5.3, 
and a form such as Fig. 5.14, 
make charts of all the forms 
being used. 

a. Discuss each form with in¬ 
dividuals concerned. Fol¬ 
low a copy of form from 
inception of use to final 
disposal. Place remarks 
made by individuals on 
your notes if important. 

b. Record separable activi¬ 
ties of each form with 
symbols and explanations. 

c. Check against standard in¬ 
structions, if available. 

2. Draw procedure chart, col- 
umnating by forms, persons, 
or offices as appears most de¬ 
sirable. Integrate material 
collected at Step 1 above so 
that a horizontal line drawn 
across chart at any point 
passes through items that 
are happening at the same 
time. 

B. For the design of a procedure; 
1. Using the symbols of Table 

5.3 and a blank chart, lay 
out procedure. As you pro¬ 
ceed, take into consideration 
the items of the check list and 
the applicable items listed 
under Step 1 (General goal). 
•2. T»‘eat as you would an ex¬ 
isting procedure and attempt 
to make improvements. 

6. Check against the appropriate 
check list. 

d. Consult trade catalogs for alterna¬ 
tives and suggestions. 


S4S 

7. Discuss suggestions from 5 and 6 
with affected personnel. 

8. Draw up proposal, using procedure 
analy.sis chart. 

9. Consult with supervisor for interim 
advice and direction. 

10. Treat your proposal with the items 
from Steiis 5, 6, and 7 as if it were 
an original analysis. 

11. Discuss final result with all con¬ 
cerned as a “proposal.” Work up 
through the affected segment, ad¬ 
justing proposal if necessary. Con¬ 
sult with supervisors and workers 
to obtain participation rather than 
just acquiescence. 

12. Submit proposal through channels. 

13. Await authorization to proceed. 

3.9.3 For man analysis techniques. 

The uses of the major techniques are 
outlined below'. A more detailed proce¬ 
dure such as that given in Art. 3.9.2.2 
could be evolved for each technique. 

3.9.3.) Process chart—man analysis. 

1. Uses: 

a. Supplies information leading to 
a Class 1 or 2 change in a job that 
requires the worker to move 
from place to place. {Note: 
Higher classes of change are oc¬ 
casionally suggested by an analy¬ 
sis of this type and should not be 
overlooked.) 

2. How made: 

a. Either a form such as appears in 
Fig. 5.11 or 5.15 or a blank sheet 
of paper may be used. 

b. The chart may begin at any 
point in a cycle of work (see 
Art. 3.8.2.2) considering a cycle 
as the complete set of steps nec¬ 
essary to bring a unit of the 
goods to the degree of comple¬ 
tion typical of the work. How¬ 
ever, it is usually most con¬ 
venient to begin with the first 
step connected with a particular 
unit and end on the last step 
before the next similar unit is 
worked on or a new routine is 
started. 

c. The first step in the cycle should 
be carefully classified according 
to the categories in Table 5.4. 
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The symbol, explanation, and, if 
the step is movement, the dis¬ 
tance should be entered on the 
first line of the chart. The expla¬ 
nation should be as succinct as 
possible. The distance may be 
paced, estimated, measured on 
the actual floor plan, or scaled 
from a drawing. 

d. If a time measurement for the 
step is desired, use an ordinary 
watch or stop watch. 

e. Information for subsequent steps 
should be entered on subsequent 
lines, in such a way that the 
symbols, explanations, and so 
forth form separate columns for 
easy reading. 

f. An entry should be made for 
every separable phase of the 
work, for every time the worker 
moves from one place to another, 
and for everj' time the worker 
works at a workplace. When 
tw’o distinctly separate activities 
follow each other at a workplace 
without an intervening move¬ 
ment, two operation symbols, 
one after the other, may be 
entered. 

g. The steps should represent the 
activities of the worker—i.e., 
what he does to the product, and 
where he goes—rather than what 
happens to the product. 

h. If the job has several subcycles 
occurring at different frequencies, 
each subcycle should be charted 
separately, and its frequency of 
occurrence should be noted. 

i. If the job has a variable cycle, 
classify and handle as indicated: 

A. Variations caused by oper¬ 
ator habit. Chart several ver¬ 
sions to insure adequate data. 

B. Variations inherent in job 
and each different. Plot 
general pattern, marking 
parts that are constant and 
parts that vary from cycle to 
cycle. 

C. No pattern or cycle. Plot a 
selected period of work as it 
occurs. 


j. A man flow diagram (see Art. 
3.5.2.2) is often a useful adjunct 
to the process chart—man anal¬ 
ysis. 

3. How used: 

a. Each step of the process is 
checked against the questions in 
the check list being used. 

4. What then: 

a. A process chart—man analysis 
is drawn for a resulting sug¬ 
gested improved method in order 
to permit a final check and to 
provide a means of describing 
the proposed new method. 

3.9.3.2 Operation chart. 

1. Use; 

a. Supplies information leading to 
a Class 1 or 2 change in a job 
that takes place at one location 
and in which the operator rather 
than a machine controls the flow 
of work. 

2. How made: 

a. Operation charts are best pre¬ 
pared by actually observing the 
worker, although they may be 
prepared from a proposal for a 
method. 

b. Either a form such as that in 
Fig. 5.18 or a blank sheet of 
paper may be used. 

c. Although the chart may begin 
at any point in the work cycle, 
it is usually most convenient to 
begin with the hand that niakes 
the first movement attributable 
to a unit of product. 

d. The first and last cycle of a work 
I^riod may be different from 
thfi other cycles. It is usually 
desirable to chart the most typi¬ 
cal cycle. 

e. The first step of the hand that 
begins the cycle should be clas¬ 
sified according to the categories 
in Table 5.5. An entry should 
then be made on the first line, as 
in Fig. 5.18. The symbols are 
usually drawn freehand. 

f. All the steps of this hand should 
then be classified and plotted in 
order. Several cycles may have 
to be observed before this infor- 
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mation can be recorded in com¬ 
plete form. 

g. The steps of the other hand 
should then be plotted. Each 
step for this hand must be re¬ 
corded opposite the step of the 
other hand during which it oc¬ 
curs. 

h. Since the chart may become con¬ 
gested and confusing when all 
this information is coordinated, 
it is frequently necessarj' to re¬ 
draw it in order to make it easily 
legible, as in Fig. 5.18. However, 
since the chart is mainly an aid 
to understanding, excess drafts¬ 
manship is a waste of time and 
should be avoided. 

i. A summary should be placed at 
the bottom of the chart. 

j. A sketch of the workplace is 
often a useful adjunct. 

3. How used: 

a. ICach step of the operation is 
checked against the questions 
in the check list for operation 
charts (see Table 5.16). 

b. The general principles listed at 
the top of the check list should 
serve as objectives. 

4. What then: 

a. An operation chart is drawn for 
the resulting suggested methoil 
in order to permit a final check 
and to provide a means of 
describing the proposed new 
method. 

b. A revised sketch of the work¬ 
place is usually drawn, and 
drawings of the necessary tools, 
jigs, fixtures, bins, and so forth 
are prepared. 

3.9.3.3 Multiple-activity charts. For 

convenience, all procedures for using 
man and machine charts have been com¬ 
bined into one group and all procedures 
for multi-man charts into another. 

Man and machine charts. 

1. Uses: 

a. Improve utilization of man or 
machine and improve integration 
of the two on jote where the 
man works with one or more 


machines and where the work of 
the machine is a controlling fac¬ 
tor. 

b. Aid in selecting a man and ma¬ 
chine W'ork pattern appropriate 
to production requirements and 
cost conditions. 

c. In the simpler forms, aid in de¬ 
termining where more detailed 
analysis techniques may be use¬ 
fully applied. 

2. How made: 

a. Man and machine operation 
charts are constructed as fol¬ 
lows: 

(1) A right- and left-hand oper¬ 
ation chart is constructed, 
as summarized in Art. 
3.9.3.2. 

(2) The machine is then charted 
by the use of a procedure 
similar to that used for plac¬ 
ing the second hand on 
right- and left-hand opera¬ 
tion charts, wnth the ma¬ 
chine information being 
placed on the chart as 
shown in Fig. 5.21. Usually, 
only two symbols are used 
for the machine: the sub¬ 
operation symbol when the 
machine is working and the 
delay symbol when it is idle. 

(3) A summary is placed at the 
bottom of the chart. 

b. Man and machine operation time 
charts are constructed as fol¬ 
lows: 

(1) A man and machine opera¬ 
tion chart is drawn. 

(2) Sample time values are ob¬ 
tained for each step, by 
means of a watch, film rec¬ 
ords, or standard time 
tables. 

(3) A second chart is drawn 
either on the form shown m 
Fig. 5.22 or on a sheet of 
graph or cross-section pa¬ 
per, using the conventions 
established in Table 5.6. The 
length of the shading of the 
bar for each step on the 
chart is made proportional 
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to the time involved. A time 
scale should be devised so 
• that each line of the chart 
will represent the same time 
value and the chart will be 
of convenient size. 

(4) A summary may be placed 
at the bottom of the chart, 
although the length of the 
chart is itself a rough 
summary, giving the total 
time for the operation. 

Man and machine process time 

charts are constructed as fol¬ 
lows: 

(1) A process chart—^man anal¬ 
ysis is constructed, as sum¬ 
marized in Art. 3.9.3.1. The 
information is usually con¬ 
fined to the left half of the 
chart, and the right half is 
left blank. 

(2) The machines used are 
charted on the same sheet, 
as with man and machine 
operation charts, and the 
steps of the machines are 
keyed into the process chart. 

(3) By use of a watch, stop 
watch, camera, or table of 
time values, the time is de¬ 
termined for each item on 
the chart. 

(4) By use of a form similar 
to that in Fig. 5.23 or a 
sheet of graph or cross-sec¬ 
tion paper, the chart is re¬ 
drawn. The conventions of 
Table 6.7 are used, and the 
length of each item is made 
proportional to the time in¬ 
volved. A convenient scale 
should be chosen and a time 
value assigned to each line 
of the chart so that the 
chart is of a convenient size. 
The scale should lie the 
same throughout the chart. 

(6) A summary may be placed 
at the bottom of the chart, 
although the length of the 
chart is itself a rough sum¬ 
mary, giving the total oper¬ 
ation time. 


3. How used: 

Each step of the method analyzed 
should be checked against the ques¬ 
tions included in suitable check lists. 

With the more complex tasks, the 
desired type of solution should be 
stated as a criterion for selection. 

The time chart may be used to 
locate sections of the task that need 
more intensive study. 

4. What then: 

A chart of the proposed method 
is either constructed or selected 
from the available solutions for the 
subsequent steps; or more detailed 
analyses, for further study, may be 
made of sections of the task. 

Mvlti-man charts. 

1. Uses: 

a. Arranging crew work for the 
best balance. 

b. Estimating the effect of varying 
the size of the crews. 

c. As a basis for instructing the 
crew. 

d. Locating sections of the task 
where a detailed right- and left- 
hand .analysis is needed to de¬ 
velop an improvement. 

2. How made: 

a. A process chart—man analy¬ 
sis is constructed for one of the 
crew members, with the informa¬ 
tion confined to one side of the 
chart. The classification of steps, 
symbols, and procedure is the 
same as with process charts— 
man analysis. 

b. The other crew members are 
charted, one at a time, on the 
same sheet. Symbols that in¬ 
dicate simultaneous activities 
should be entered on the same 
line. 

c. Next, machine or machines are 
analyzed in a similar manner on 
the same chart. 

d. The time is obtained for each 
item on the chart. If watches are 
used, the times will be collected 
■from several cycles, hence some 
adjustment may be . necessary 
to obtain comparable values. If 
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films are used, the same cycle of 
work can be used for all entries. 

e. By the use of a form similar to 
Fig. 5.25 or a sheet of graph or 
cross-section paper, the informa¬ 
tion obtained in the previous 
steps is recharted, using the con¬ 
ventions of Table 5.7 and a con¬ 
venient time scale. 

f. A summary may be placed at the 
bottom of the chart, although 
the length of the chart is itself 
a rough summary, giving the to¬ 
tal cycle time. 

3. How used: 

Each step of the operation is 
checked against a suitable check 
list. The general principles listed at 
the top of the check list should 
serve as objectives. 

4. What then: 

A new multi-man chart is drawn 
for the resulting suggested method 
in order to permit a final check and 
to provide a means of describing 
the proposed new method. If effects 
of variations in crew size are being 
examined, several alternative charts 
may be drawn. 

3.9.3.4 Micromotion study. Summary 
procedures are given for fine and gross 
types of analysis. 

Simo charts. 

1. Uses; 

a. Primarily for short-cycle, repeti¬ 
tive jobs. 

b. For jobs involving high-order 
skills. 

c. For jobs representing a series 
where the changes involved may 
affect several jobs similarly. 
Note: The general outline of¬ 
fered here can be used for any 
of the previously described 
graphic man analysis techniques. 

2. How made: 

a. A film is made of the operation, 
with a timing device in the field 
of view. 

b. If the film is analyzed with the 
therblig breakdown, it is desir¬ 
able to use the following steps in 
connection with a form for $lm 


analysis such as that shown in 

Fig. 5.29 or a sheet of ruled 

columnar paper. * 

(1) To facilitate future refer¬ 
ence, the data at the top of 
the sheet are obtained from 
the micromotion study film 
data sheet. 

(2) The entire film is viewed, 
and a typical whole cycle is 
selected. A cycle is defined 
as the complete series of mo¬ 
tions required to bring a 
unit of product to the de¬ 
gree of completion charac¬ 
teristic of the operation. As 
with the previous tech¬ 
niques, it is usually most 
convenient to select the cy¬ 
cle as starting with the first 
motion connected with the 
production of a imit and 
ending when the same mo¬ 
tion is repeated with the 
next unit. 

(3) The activities of one body 
member, usually the busiest, 
are recorded by noting, on 
the first line, the beginning 
time (the clock or counter 
reading for the first frame 
or picture in which the ther¬ 
blig appears), for the first 
therblig of the cycle for that 
body member, the therblig 
letter symbol, and the ex¬ 
planation. Then the projec¬ 
tor is turned till the next 
therblig appears; appropri¬ 
ate information is entered 
on the second line; and so 
on. The explanation should 
assume that the therblig is 
the verb and should tell 
what and where the action 
is. The actual therblig times 
may be obtained later by 
successive subtractions. It is 
customary practice to follow 
each body member through 
the entire cycle, and then 
to repeat the cycle for as 
many times as there are 
body members being studied. 
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For therbligs such as RL, 
which may take place en- 
^ tirely between two succes¬ 
sive pictures and not appear 
on the film at all, the time 
interval between the two 
pictiires is usually arbi¬ 
trarily assigned. At the nor¬ 
mal speed of 16 frames, the 
interval will be approxi¬ 
mately 0.001 minute. On 
the form given in Fig. 5.29 
space is provided for the 
two hands; the column 
headed “Notes” is for the 
andysis of any other body 
member, such as feet, eyes, 
and so forth. This is the 
most common type of analy¬ 
sis. Special forms may be 
designed for more complex 
analyses. 

c. A siino chart is drawn to assist 
in examining the interrelation¬ 
ships of the body members con¬ 
cerned. 

3. How used; 

E.ach step of the operation is 
checked against a suitable check 
list. The general principles listed 
at the head of the check list should 
serve as objectives. 

4. What then; 

A new simo chart is synthesized 
for the resulting suggested method 
in order to jiermit a final chock and 
to provide a means of describing the 
proposed new method. 

Memomotion study. 

Since the application of this tech¬ 
nique varies greatly with the nature of 
the objective and the subject, a com¬ 
plete case is given as a guide for develop¬ 
ing a procedure. 

1. Uses; 

a. Long cycles. 

b. Irregular cycles. 

c. Crew activities. 

d. Long-period studies. 

2 Sample case; Three-man crew run¬ 
ning heavy castings through a “Ro- 
toblasi." 

A possibility guide had indicated that 
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a Class 1 or 2 change was desirable, and 
a study of the process chart—product 
analysis suggested that the operation, 
shot-blast casting, was necessary. This 
completed Step A of the logical ap¬ 
proach, Aim. For convenience and accu¬ 
racy, Step B, Analysis was performed 
with a memomotion camera. Since suf¬ 
ficient light from the building monitor 
penetrated even the murky interior of 
the foundry, there was no need for sup¬ 
plementary lighting. The crew members, 
aware that they were being photo¬ 
graphed, were filmed at work, and an 
analysis was made of the film in order 
to obtain data with which to construct 
a multi-man and machine process time 
chart. 

The analysis was made with a projec¬ 
tor equipped with a frame-counter. A 
typical cycle was selected. Since the se¬ 
lected cycle was 439 seconds long (7.3 
minutes), and there are 40 frames per 
foot on 16 mm. film, the selected section 
,was only 11 feet long. At normal speeds, 
the cycle would have occupied aImo.st 
200 feet of film. (The analysis time saved 
by using the memomotion film should be 
obvious.) The selected cycle was identi¬ 
fied for future examination by placing 
an ink spot on the beginning frame. The 
beginning counter reading, a process 
chart—man analysis symbol, and a de¬ 
scription for one operator were entered 
on the first line of a ruled sheet. The 
projector was indexed until the first 
frame showing a new activity appeared, 
and the appropriate information was 
entered on the second line. This proce¬ 
dure continued until all the activities of 
the operator had been detailed for the 
whole cycle. The film w'as then returned 
to the starting point and the second 
operator’s activities were analyzed. 

In this case, the film was studied four 
times, once for each of three workers and 
once for the machine. Sections of the 
chart made for the original method are 
shown in Fig. 5.31. The sections on the 
chart marked “overblast” could not be 
determined from the film; they were 
worked out with the aid of experimental 
data on the minimum required shot¬ 
blasting time. In drawing the chart, these 
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experimental data were used to denote they are projected at normal speed, they 

the unnecessary blasting, which was exaggerate the movements made and call 

labeled "overblast,” them to the analyst’s attention for modi- 

Although the chart could have been fication and improvement. They also 

made without film, the use of film as- permit a long period of activity to be 

sured data on all men from the same reviewed in a short time. Since an hour’s 

cycle, was quicker, gave better accuracy, activity can be projected in four minutes, 

and provided a record to use in checking a “bird’s-eye” view of a task is presented 

the analysis. Moreover, memomotion that often aids in suggesting innovations, 

films possess a unique feature. When Memomotion films are also valuable in 

FIG. 5.31 SECTIONS OF CHART SHOWING ORIGINAL 
METHOD OF “rOTOBLAST.” 


_^MAN AND 


MACHINE TIME CHART 


Method_ 

Operotion /Th/- 

Part nome_ 

erotor_ 


ySmC A4 / 


iAs0 

7 * /tmst 

73 CvAp/rW 




7m 

Ti fWMt 

75 

t'tAf ^’*C0 


Machine No. 
Operation No. —A-fl 

Port No_Le 

Chort by /Za 
Date charted 






S JkmmA 


/f#/» 







prmc 0 




From Mundel, AfoOon and Time Study; Principle* and 
Practice, p. 255. 
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From Mundel, Afotum and Time Study; Principles and 
Practice, p. 250. 


FIG. 5.32 SECTIONS OF CHART SHOWING PROPOSED 
METHOD OF “rOTOBLAST.” 

discussions with foremen and workers, of work per unit and increased hourly 
since only a short time away fiom the production by 2 per cent. It did not re- 

job is needed to review a lengthy period quire the crew to work faster, but it 

of work. did make for a better distribution of the 

The proper multi-man check list was w'ork and provided a more effective work 
used on this foundry chart and the new pattern. 

method, parts of which are shown in The memoniotion film was also used in 
Fig. 5.32, resulted. The improved method the discussions that preceded the instal- 
saved 35 per cent of the man-minutes lation of the new method. 
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4. WORK SIMPLIFICATION 

To some, work simplification is 
synonymous with motion study. 
To others, it is a proprietary, simplified 
version of motion study that an individ¬ 
ual can apply to his own work. Perhaps 
it should be thought of more generally, 
as a motion-study approach suitable to 
the educational level of the foreman or 
worker and usually (but not necessarily) 
involving the use of only the simpler, 
pencil-and-paper techniques. Suitable 
parts of Art. 3 should be consulted. 

5. TIME STUDY 

5.1 DEFINITION 

Time study is the appraisal, in 
terms of time, of the value of 
work involving human effort. It pro¬ 
duces a time standard for the perform¬ 
ance of a series of acts by a man or 
gro.up of men. To avoid chaos, a stand¬ 
ard should be carefully defined so that 
consistent, reliable measurements may be 
made. A sample, specific definition of a 
standard is as follows: The standard 
time for a job will be 130/100 of the 
amount of time necessary to accomplish 
a unit of work, using a given method, 
under given conditions, by a worker who 
possesses sufficient skill to do the job 
properly, who is as physically fit for the 
job after adjustment to it as the average 
person who can be expected to be put on 
the job, and who works at the maximum 
pace that can be maintained on such a 
job, day after day, without harmful 
physical effects.* The term “time study” 
may also be used as synonymous with 
the term “work measurement.” 

5.2 USES 

Standard times may be used for 
the following purposes: 

A. To set scheduira. 

*Thi8 limit is usually based on socio¬ 
logical acceptance rather than on physi¬ 
ological limits. The modern worker expects 
to leave work with sufficient energy to 
engage in leisure-time activities, 


ass 

B. To determine supervisory objec¬ 
tives. 

C. To furnish a basis of comparison 
for determining oi)erating effec¬ 
tiveness. 

D. To set labor standards for “satis¬ 
factory” performance. 

E. To determine the number of ma¬ 
chines a person may run. 

F. To balance the work of crews or 
production lines. 

G. To compare alternative methods. 

H. To determine standard costs. 

I. To determine equipment and labor 
requirements. 

J. To determine basic times or stand¬ 
ard data. 

K. To provide a basis for setting piece 
prices or incentive wages. 


5.3 TECHNIQUES 

In order to set up an adequate, 
reliable time standard, the follow'- 
ing items must be specified: the internal 
content of the task (the contribution 
required of the individual), the unit of 
output involved, the type of individual 
for whom the standard is determined, 
and the degree of exertion required of 
the individual. Further, it should be ob¬ 
vious, that for widespread use, a set of 
standards should be consistent with each 
other in respect to difficulty of attain¬ 
ment. 

5.3.1 List. Available techniques may be 
divided into three major groups, as fol¬ 
lows; 

A. Stop-watch (or camera) time 
study. First, an actual performance 
is studied and analyzed. Then the 
data obtained are oynthesized into 
a standard. (The result is some¬ 
times called an “engineered stand¬ 
ard of performance.”) 

B. Synthesized standards. Data ob¬ 
tained from previous time studies, 
giving standards for parts of jobs, 
may be resynthesized into a stand¬ 
ard for a job, in its totality, 
different from those previously 
studied. (Standards set in thU 
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manner are also referred to as 
"engineered.”) 

C. Statistical standards. Data ob¬ 
tained from a considerable number 
of people performing tasks over a 
considerable period of time are 
used on some arbitrary basis. As 
will be seen, such “standards,” al¬ 
though useful, lack many of the 
requisites of true standards. 


5.4 STEPS IN THE DETERMINATION OF 
A STANDARD 

Each of the three basic groups 
contain numerous variants in 
method. However, the general steps re¬ 
main the same; only the details vary. 

5.4.1 Stop-watch (or camera) time 
study. The procedure usually involves 
the following five steps; 

A. Defining the standard of measure¬ 
ment. 

B. Recording the standard method 
and identifying the unit of work. 

C. Observing the time taken by an 
actual worker. 

D. Rating or relating performance to 
standard. 

E. Applying allowances. 

5.4.1.1 Defining the standard of 
nteasurement. This need be done only 
once for all the standards in a plant. (See 
Art. 5.1 for an illustration.) 

5.4.1.2 Recording the standard 
method and identifying the unit of work. 
The essential criteria for the identifica¬ 
tion are: 

A. Could the job be reproduced from 
it? 

B. Does it contain everything the 
worker has to do? 

C. Is the unit of work such as to allow 
convenient determination of pro¬ 
duction on the job? 

The following items are usually in¬ 
cluded: 

1. The department in which the job 
is performed. 

2. Job number. 

3. Product, material specifications, 
and identification as nkated to the 
operation. 


4. Workplace layout and dimensions. 

5. Description of equijnnent and its 
condition, if abnormal. 

6. Tool descriptions. 

7. Feeds and speeds of machines, 
welding currents used, and so 
forth. 

•8. Surrounding environmental condi¬ 
tions. 

9. Services related to machine and 
tool maintenance, delivery, and 
material-handling rendered to, or 
required of, the worker. 

10. The unit of production to be 
counted. 

11. A description of the manual details 
of the job. These are usually 
broken down into so-called “ele¬ 
ments,” in accordance with the 
following criteria: 

A. Easily detected and definite 
end points. 

B. As small as is convenient to 
time. 

C. As unified as possible. 

D. Hand time separated from ma¬ 
chine time. 

E. Constant elements separated 
from variables (as related to 
several jobs). 

F. Regular and irregular items 
separated. 

The terminology used in the description 
of the elements varies with the nature of 
the job. For heavy work involving move¬ 
ment from place to place, a description 
of the activities of the person as a whole 
is most suitable. For heavy work with 
crews, the activities of the individual 
crew members, and their coordination, 
must be indicated. For heavy and mod¬ 
erately heavy work done mainly at one 
place, the activity of the individual as 
a whole is sufficient, unless the coordina¬ 
tion of the worker’s body members is a 
critical factor, in which case the activi¬ 
ties of each body member should be 
detailed and the coordination indicated. 
This latter procedure is also preferable 
for light work. Therblig terminology is 
also useful in descriptions, particularly 
for small handwork. (5f course, if therblig 
time studies are shown to men who are 
unfamiliar with the terminology, th(^ will 




From Mundel. Motion and Time Study: Prineiplet and 
Practice, p. 283. 

FIG. 5.33 FRONT or TIME STUDY SHEET WITH 
METHOD DESCRIPTION IN TERMS OF 
THERBIIGS FOB SAND-CORE MOLDING. 
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TIME STUDY SHEET 
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be unintelligible and jftkay arouse mis¬ 
trust. Ho%vever, since more and more 
plants are undertaking training pro¬ 
grams in luotion and time study for 
forranen and supervisors, therbligs are 
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constantly coming into more common 
use. In any event, they furnish a short¬ 
hand for record-taking, and may be 
expanded for instructional use later on. 
In some cases, a single time-study 
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FIG. 5.34 PART OF METHOD DESCRIPTION FOB TWO- 
MAN BURR ROLL. 
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From Mundel. Motion and Time Study: Princtfie* and 
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sheet is sufficient for recording the stand¬ 
ard practi(». In other cases, it is neces¬ 
sary to attach drawings of the tools and 
other equipment. In still others, the writ¬ 
ten standard practice may run to several 
pages. No one form has yet been devised 
that will handle the problems of all 
plants satisfactorily. A sample descrip¬ 
tion for a bench job is shown in Fig. 5.33, 
and part of the description for a two- 
man job is shown in Fig. 5.34. Still 
another time-study form is shown in 
Fig. 5.35. 

5.4.1.3 Observing the time taken by 
an actual worker. Six different methods 
of recording observed times are in com¬ 
mon use. Four of these involve the use 
of a stop watch; one, the use of a 
motion-picture camera; and one, the use 
of a special time-study machine. Under 
certain conditions, a sound recorder may 
be used advantageously. 

Continuous timing. The watch runs 
continuously throughout the study. It 
is started at the beginning of the first 
element of the first cycle being timedj 
and is not stopped until the study has 
been completed. At the end of each ele¬ 
ment, the time is recorded. The individ¬ 
ual element times are obtained by suc¬ 
cessive subtractions after the study has 
been completed. 

Repetitive (or snap-back) timing. The 
watch is started at the beginning of the 
first element of the first cycle being 
timed, and is simultaneousy read and 
snapped back to zero at the completion 
of this, and each subsequent, element. 
This procedure allows the element times 
to be entered directly on the time-study 
sheet without the need for subtractions. 
Consistent over- and under-reading of 
the watch will cause errors that do not 
arise in the continuous method. Also, 
considerable manipulation of the watch 
is required. Many lahor groups look 
\ipon the repetitive method as highly 
liable to error. With extremely short 
elements, any errors that occur may rep¬ 
resent large percentages of the elements. 
Some time-study men use an additional 
watch to accumulate the total time as a 
check on these errors. However, in com- 
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petent hands, the snap-back method can 
be used successfully. 

Continuous accumulative timing. Two 
stop watches are mounted on a special 
holder with a mechanical linkage be¬ 
tween the controls of the two watches. 
The push buttons on this holder are so 
arranged that when one watch is stopped 
the other is started, and vice versa. The 
watches are used alternately, each ac¬ 
cumulating the time for half of the ele¬ 
ments. This method allows each watch to 
l)e read while the hand is motionless. In 
obtaining the actual element times, alter¬ 
nate recordings are subtracted succes¬ 
sively. 

Repetitive accumulative timing. The 
same set-up is used as in continuous ac¬ 
cumulative timing, except that another 
button is provided to return the stopped 
watch to zero before the next element 
ends. Hence, actual element times may 
be recorded directly. This is a reasonably 
accurate method. However, most time- 
study men regard the mechanism as 
troublesome, and accumulative methods 
are not widely used. 

Motion-picture camera timing. Regu¬ 
lar speeds may be used, although memo- 
motion speeds are more useful. Regular 
film-analysis techniques are used to 
obtain the actual data. 

Time-study machines and sound re¬ 
corders. A common tiftie-study machine 
employs a constant-sjieed paper tape 
with finger-actuated pencil markers. Ac¬ 
curate time measurements can be made 
by depressing the markers according to 
a predetermined scheme, and then meas¬ 
uring the distance between the marks 
with a calibrated ruler. If the task in¬ 
volves communications, a sound tape 
recording may be made and later tran¬ 
scribed and interpreted on a recording 
oscillograph. This record may be meas¬ 
ured, as with the time-study machine. 
Al.«o, special sound cues may be recorded 
on the tape while an operation is being 
observed, and these may be timed later 
either with a watch or a recording os¬ 
cillograph. Under certain conditions, 
these procedures are ideal. 

Time recording forms. For recording 
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the time values measured with a stop 
watch, the form shown in Fig. 5.36 is 
convenient. Many variations of this form 
are used with equally good results. The 
form is often printed on the back of 
the form used to record standard prac¬ 
tice, shown in Art. 5.4.1.2. It should never 
be used without an adequate wntten 
standard practice. On the example 
shown, the end point of each element 
after which the time is to be recorded 
should be written in the small descrip¬ 
tion column, as an aid in timing. Space is 
provided on this form for recording 15 
cycles of 15 elements. If more elements 
or cycles are to be recorded, two or more 
sheets may be used. If the use of two 
sheets is a common occurrence, a larger 
form should be designed and printed. 
For each element of each cycle, two 
boxes are provided m columns labeled 
R and T. The R column is for ‘'read¬ 
ings’' when continuous timing is used. 
The subtracted times, which are the time 
values for each element, are placed in 
the T, or "time,” column. Different- 
colored pencils keep the R and T values 
separate and facilitate correct calcula¬ 
tions later. If repetitive timing is used, 
the values are entered directly in the 
T column, or else a form with T columns 
only may be drawn up. It is usual prac¬ 
tice to time enough cycles to obtain 
a representative sample of perform¬ 
ance. 

Representative sample of times. Some 
variation almost alw’ays occurs from 
reading to reading for any element, even 
if the worker is not attempting to vary 
his pace. This variation is caused by 
the following factors, among others: 

1. Random variations in operator 
movements and pace. 

2. Random variations in the positions 
of the parts worked with. 

3. Random variations in the position 
of the tools used. 

4. Random variations caused by slight 
errors in watch-reading. 

For any observed pace of performance, 
timings of 10 cycles will tend to produce 
a more stable average than timings of 
5 cycles; the average of 15 timings will 


tend to be better than that of 10, and so 
forth. In practice, however, two sets 
of 15 readings on the same element will 
seldom, if ever, produce an identical 
average, even though the pace is the 
same in both cases. 

A reasonable limit on the number of 
readings is to take enough to make the 
chances 95 out of 100 that the observed 
average wdll be within ± 5 per cent of 
the true average for the element for the 
pace at which it was performed. Some 
may prefer a looser criterion of 95 
chances out of 100, ± 10 per cent. These 
odds may be restated as 08 out of 100, 
± 5 per cent. 

If the time studies are to be used for 
establishing incentive wages, either cri¬ 
terion is reliable enough, since ± 5 or 10 
per cent usually approximates a bar- 
gainable increment in wages. Errors of 
more than this magnitude are to be 
avoided.* (See Section 17.) 

Statisticians have developed methods 
for determining the probable accuracy 
of a sample. These methods may be 
adapted to this time-study problem. 

The applicable sampling theories in¬ 
volve two simple formulas, (A) and (B), 
which follow. Both are based on the 
assumption that chance or random 
causes are controlling the variation from 
reading to reading for a given element. 
In most cases, this is a tenable assump¬ 
tion. 

Formula (A) gives a measure of the 
variability of data about its average. 
The variability is represented by SD, the 
standard deviation, which is expressed as 
follows:! 

SD (A) 


♦ William Goinberg, A Trade Union 
Analysis of Time Study (Chicago; Science 
Research Associates, 1948), p. 14. 

t SD is used here in place of the symbols 
ff or s, which are used in Sections 13 and 
14 for standard deviation. SD# i8 used in 
place of <r«. See Section 13 for a complete 
discussion of industrial statistical methods. 
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FIG. 5.36 CONTINUOUS TIMING OF AN INSPECTION 
OF FOUNTAIN PENS. 
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d X — X computed for each reading of the element separately before squaring 
and then summing 

X Individual readings of an element 
X « Mran or average of all readings of an element 
Z « Sum of like items 
N » Number of readings of an element 

This equation may be expressed as follows for machine computation (Friden, 
Monroe, Merchant, etc.): 


SD 


tejp /sxy 

\ N V N / 


NXX* - (2X)* 


Assuming that this represents the vari¬ 
ability of a huge group of similar read¬ 
ings or the parent population (a com¬ 
monly tenable assumption), another 
measure, SD®, the standard error of the 
mean (or average), may be computed 
by (B), which indicates the probable 
variability of the averagiss of groups of 
N values of X about the obtained X 


SD, = 


SD 

y/N 


(B) 


Indeed, it is this last property that 
makes this test feasible, easy, convenient, 
and economical to use, after certain 
mathematical manipulations of the for¬ 
mulas have been made. 

Combining formulas (A) and (B), we 
may state: 


- (2X)* 



Setting 5 per cent of X equal to 2 SDi, we 
get 


0.05X 


20N ^ Vir 


The property of this last measure is 
such that 95 per cent of the probable 
values of X (average for the element) 
will lie within ± 2SD, of the true aver- 

Hence, if 2 SD 2 is equal to or less 
than 5 per cent of X, we may say the 
chances are at least 95 out of 100 that 
our average for the element to which the 
rating will be applied is within ±: 5 per 
cent of the true average representing the 
performance we observed. If the 10 per 
cent criterion is used, then the above 
may be restated with “10 per cent” in 
place of “5 per cent.” 

As was explained earlier, both criteria 
can reasonably be applied to time 
studies. 

If the selected limiting condition is 
not met, we may work formula (B) 
backwards, using the SD we first ob¬ 
tained, setting 2 SD 9 equal to 5 per cent 
of X, and solving for N', which will indi¬ 
cate the number of readings that will 
probably be needed 


^ ^ / 2VnZX^ - (SX)A 
20 \ VW' / 

(C) 

where ATHs the required number of read¬ 
ings. 

This equation may be easily handled 
even by one who is not familiar with 
the mathematics of its derivation. 

If the analyst prefers to set his limits 
as 95 chances out of 100 within d: 10 
per cent, then: 

20VN2Xy - (2X)» Y (CO 
XX ) 

5.4.1.4 Rating or relating perform¬ 
ance to standard. In the pr«;eding 
section, techniques were described for 
timing a perfonnance of an actual 
operator on a job. With luck, the oper¬ 
ator studied might meet all the require¬ 
ments of the standard type and might 
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be working at the proper pace. Then 
the observed time values would require 
no further adjustment. In actual prac¬ 
tice, however, the operator usually fails 
to perform ideally. Either he does not 
meet all the requirements of the standard 
operator, or fails to work at the 
pace required for standard performance, 
or both. Consequently, the analyst must 
ask himself (1) how to evaluate the 
performance observed as compared with 
the requirements given in the definition 
of standard used as the basis of the 
measurement, and (2) how to reduce 
this evaluation to a mathematical value 
that will allow the adjusting (if neces¬ 
sary) of the representative time values 
actually obtained, so as to determine a 
base for the standard time. These are 
the aims of rating. 

Common rating procedures. Common 
time-study rating procedures can be di¬ 
vided into two mam groups; 

A. Mathematical procedures. 

B. Procedures requiring judgment. 

A. Mathematical -procedures. The 
mathematical plans require a statistical 
sorting out, on the basis of the time 
recordings alone, of the effect of the 
operator's skill, aptitude, pace, relative 
rate of exertion, capriciousness, and so 
forth, from normal job variation in order 
to obtain a measure that would be 
relatively the same, regardless of what¬ 
ever conditions of the above mentioned 
variables were in existence at the tune 
the data were recorded. It is not surpris¬ 
ing that this goal has never been re¬ 
alized. Any other mathematical method 
would require an outside reference point 
against which observed variations could 
be measured. The only reference point 
usable for such a purpose would be the 
standard tune, but if this were known 
there would be no reason for the 
rating. 

B. Procedures requiring judgment. 
Many rating systems involving judg¬ 
ment have been proposed and used. For 
the most part, they fit the following 
definition: “Rating is that process during 
which the time study man compares the 
performance of the operator under ob- 
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servation with the observer’s own con¬ 
cept of normal performance.” * 

Most of these procedures require the 
time-study man to perform the same 
two basic stejis: 

1. He must judge the difficulty of the 
job and form a mental concept of what 
the performance of the job under obser¬ 
vation would look like if it met the re¬ 
quirements of standard performance as 
defined. 

2. The observer must appraise the ac¬ 
tual performance under observation as 
compared with the concept formed in 
Step 1 and place a numerical value on 
this appraisal. 

The usual guide recommended for Step 
1 is “experience.” 

Improved rating procedure. It may be 
seen that the evaluation or rating of per¬ 
formance (as is correctly done in many 
rating procedures) may be reduced to 
a judgment of not more than two items; 
(a) observed pace, and (b) job difficulty. 
In the typical time study procedure, the 
time study observer first judges (b) job 
difficulty and then judges (a) observed 
pace. 

What makes a more reliable time 
study rating procedure possible is, first 
of all, the realization that the difficulty 
of the job and its effect on maximum 
possible pace does not need to be judged 
but may be reduced to objective terms. 
These objective terms are based on ob¬ 
servable phenomena, and may be re¬ 
duced to tabular data as a function of 
strength required, amount of body used, 
degree of dexterity, and the like, and 
may be experimentally verified. 

What is proposed is again a two-step 
rating procedure, but the steps are in 
the reverse of the conventional order. 
This is called objective rating and con¬ 
sists of the following steps; 

1. Observed pace is rated against an 
objective pace standard, which is the 


♦Society for the Advancement of Man¬ 
agement, Committee on Rating of Time 
Studies, Advanced Management, Vol. 6, 
July-Sept. 1941, 110. 
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same for all jobs. In this rating, no 
attention whatsoever is paid to job diffi¬ 
culty or to its effect on possible pace. 
Hence, a single pace standard may be 
used instead of a multiplicity of mental 
concepts. 

2. A percentage increment is applied 
to adjust the resulting value subsequent 
to Step 1. This percentage increment is 
taken from experimentally determined 
tables of the effect of various observable 
factors on the exertion required at a 
given pace and is called "‘a secondary 
adjustment.” 

It has been verified experimentally 
that this improved rating procedure 
gives a more consistent concept of stand¬ 
ard time than do the conventional pro¬ 
cedures. It is true that the procedure 
requires a certain amount of preliminary 
activity before any time studies can be 
made. However, this activity need be 
perfonned only once, and the subsequent 
details of making time studies are less 
complex than in conventional rating pro¬ 
cedures. The first part of this prelimi¬ 
nary activity may be done in any one of 
three convenient w'ays; 

1. The time-study man, or depart¬ 
ment, may choose a simple job involving 
almost no skills or special aptitudes and 
then determine experimentally the pace 
on this job when performance meets the 
requirements of standard time. This plan 
may require some experimentation with 
several operators. 

2. The time-study department piay 
make a series of films of workers work¬ 
ing at different paces on a simple job 
and then ask management to select the 
one that represents its concept of stand¬ 
ard pace. True, judgment must be exer¬ 
cised here and some original error is 
possible, but neither factor is critical. 
At least a standard of unchanging pace 
is set up. Also, if management wants to 
assume the prerogative of defining ac¬ 
ceptable par.e, it should be assumed at 
a high enough organizational level. The 
pace selected may be jointly, negotiated 
by labor and management, in which case 
the accuracy with which it represents a 
previously accepted definition of stand¬ 
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ard is of less consequence, although the 
discrepancy may be discovered later 
through experience with the use of the 
selected pace. At least the pace will be 
acceptable to both parties, and without 
such mutual acceptance joint agree¬ 
ments concerning money per hour ap¬ 
pear inadequate. 

3. A simple job may be shown to 
large groups of industrial engineers (or 
joint labor-management groups). Then 
values that have been corrected for con¬ 
cept of standard can be averaged and 
used as a basis for the standard pace. 

The second step suggested in the pre¬ 
liminary activity being outlined here is 
the formal selection of a film showing 
the standard rate of activity for any one 
job. This film represents the unit of 
measurement, or the rate of activity, 
for 100 per cent standard pace.* Since 
the record is permanently preserved, the 
standard rate of activity may actually 
be included in the labor contract. At the 
very least, it is available for comparison 
and for use in discussing ratings on an 
objective basis. Such can never be the 
case when the standard represents 
merely the time-study man’s unanchored, 
mental concept of proper perform¬ 
ance. 

But a single film record is not enough 
for actual use. It is highly desirable to 
prepare step films that show step-by- 
step deviations from standard pace on 
the job. These records make it possible 
to establish markings on the scale of 
pace and facilitate the rating.t Once a 
standard pace has been selected by any 
one of these procedures, the step films 
or multi-image films can be easily pre- 


* If a 60 base system is preferred, this 
can be identified as 60. 

t All the films may be in loop form—that 
is, the front end may be spliced to the back 
to permit continuous projection for any 
period of time. Or the frames may be di¬ 
vided into different areas, each area show¬ 
ing a different pace, so that a group of 
steps may be projected simultaneously. 
Such films are called multirimage step 
films. 
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pared * Experiments bave shownt that 
about 6 per cent change in pace is the 
usual minimum detectable difference; 
hence, the steps on the film should ap¬ 
proximate this magnitude. Although a 
considerable group of regular time-study 
engineers were used to obtain these data, 
it is possible that with further training 
the minimum detectable difference might 
be reduced. Therefore, this percentage 
should not be considered as an absolute 
value. 

After the time-study man has com¬ 
pleted this preliminary activity, he is 
ready to move on to the first step of the 
objective rating procedure. In i)ractice, 
he may do one of the following: 

A. Compare the observed job with the 
concept of the scale of standard pace 
that he has obtained through careful 
study of the step films or multi-image 
films. 

B. Compare the observed job with the 
film by projecting the film into a shadow 
box near the job so that both may be 
viewed simultaneously. 

C. Compare a film of the observed 
pace with the step films or multi-image 
films by projecting both films simultane¬ 
ously. 

Regardless of the method, the time 
study man must only judge whether the 
job being studied (actual performance 
or film of performance) is being per¬ 
formed at a pace (rate of activity) equal 
to any one of the step films or steps on 
the multi-image film, or at a pace lying 
between any two of the steps, and then 
assign a rating as indicated by the pre¬ 
determined values of the steps. He pays 
absolutely no attention to job difficulty 
and its effect on the possible pace for 
the task. 

The next part of the preliminary ac¬ 
tivity prior to using the improved rating 

* These films were first proposed in 
M. E. Mundel, Systematic Motion and 
Time Study (New York: Prentice-Hall, 
Inc., 1947). 

t M. E. Mundel, and R. N. Lehrer, "An 
Evaluation of Pa-formance Rating,” Pro¬ 
ceedings Itth Annual National Time and 
Motion Study Clinic, Industrial Manage¬ 
ment Society, Chicago, Ill., 1948. 
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procedure is the determination of a table 
of secondary adjustments so that the 
time obtain^ by time study, after being 
adjusted to standard pace, may be fur¬ 
ther adjusted to represent the rate of 
exertion included in the definition of a 
standard for the actual job being studied. 
Such a table will enable the time study 
observer to perform Step 2 of the two 
steps of the objective rating procedure. 

Obviously, all jobs cannot be per¬ 
formed at the standard pace. Most jobs 
are more difficult than the job for which 
standard pace has been set, and some 
jobs are more difficult than others. For 
instance, some jobs involve heavier parts, 
closer visual work, and so forth. These 
variations set different-limits on the pace 
possible for each job with a fixed rate 
of exertion. However, they may be eval¬ 
uated objectively. 

The method consists of determining 
the various factors that make for diffi¬ 
culty in the job, and evaluating their 
effect. This evaluation is applied as a 
secondary adjustment in computing the 
standard for the job, so that all the 
standards will be consistent in regard 
to attainability. These secondary adjust¬ 
ments may be set up as in Table 5.20. 

The work of developing the values for 
these secondary adjustments is by no 
means complete, but even at the present 
stage of development it should be more 
satisfactory and reliable than leaving the 
adjustment to the mental evaluation of 
the time-study man, as is inherent in 
conventional rating procedures. More¬ 
over, if inconsistencies appear when the 
secondary adjustments are applied, the 
source can be tracked down and lasting 
corrections can be made, a course of 
action that is not possible with the con¬ 
ventional approach. Reducing secondary 
adjustments to tabular form also elimi¬ 
nates other sources of subjectively caused 
variation. 

Note that all the adjustments are in¬ 
dicated as positive increments of time 
above the time required at the standard 
pace (film loop or concept of rate of 
activity). Hence, the film loop or concept 
should, at 100 per cent pace, represent 
the concept of standard time on an ex- 
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irofiely simple operation. Also, these ad¬ 
justments may be used only when all 
jobs have been rated against a single 
standard pace that does not take job 
difficulty into account. Essentially, the 
developed data of Table 6.20 are used 
as follows: 

A. Separate adjustments are made for 
each element. 

Assume that, on a given job, for 10 
per cent of the time the operator pushes 
a lever with a 15-pound resistance. For 
the rest of the time, the operator loads 
very light parts into a fixture. Obviously, 
the operator’s pace will vary from the 
first element to the second. Conse¬ 
quently, each element will be adjusted 
separately. 

B. The total secondary adjustment for 
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an element will be the simple sum of 
all the appropriate values from the scales 
for all the factors. As far as is known 
at present, these factors are additive. No 
complex interaction has yet been found 
at the element level. 

C. The secondary adjustments are 
combined with the pace rating. If the 
rating is 90 per cent and the total 
secondary adjustment is 12 per cent, the 
observed time for that element will be 
multiplied by 0.90 X 1.12, or 1.01. This 
will give the same result that would have 
been obtained had the observed time first 
been multiplied by 0.90 to get the time 
required at the 100 per cent pace and 
then 12 per cent of the result added to 
the first product. The 0.12 and 0.90 
cannot be added, otherwise the actual 
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TABLE 5.20 SECONDARY ADJUSTMENTS FOB TIME STUDIES* 


Category 


Reference 


Per cent 

no. 

Description 

letter 

Condition 

adjustment 

1 

Amount of 

A 

Fingers used loosely. 

0 


body used 

B 

Wrist and fingers. 

1 



C 

Elbow, wrist, and fingers. ^ 

2 



D 

Arm, etc. 

5 



E 

Trunk, etc. 

8 

2 

Foot pedals 

F 

No pedals or one pedal with fulcrum 

0 




under foot. 




G 

Pedal or pedals with fulcrum out- 

6 




side of foot. 


3 

BimanualnesB 

H 

Hands help each other or alternate. 

0 



G 

Hands work simultaneously doing 

10 




the same work on duplicate parts. 


4 

Eye-hand co- 

I 

Rough work, mainly feel. 

0 


ordination t 

J 

Moderate vision. 

2 



K 

Constant but not close. 

4 



L 

Watchful, fairly close. 

7 



M 

Within 1/64 inch. 

10 

5 

Handling re- 

N 

Can be bandied roughly. 

0 


quirementsf 

0 

Only gross control. 

1 



P 

Must be controlled, but may be 

2 




squeezed. 




Q 

Handle carefully. 

3 



R 

Fragile. 

6 

6 

Weight 

Identify by the letter W followed by actual 

Use Curve 




weight or resistance. 



* From Mundel, Motion and T\me Study: Prineiplet and Praefieo, pp. 343, 345. 
t Note; These ecalee could poesildy go much hi^er in eome oueii. 
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increment would vary with the pace ob¬ 
served, which would not be correct. (If 
a different numerical scale or scale base 
is used, the values used will change, but 
the essential procedure will not.) 

D. The factors for which secondary 
adjustments should be added are; 

1. Amount of body used. 

2. Foot pedals. 

3. Bimanualness. 

4. Eye-hand coordination. 

5. Handling or sensory requirements. 

6. Weight handled or resistance en¬ 
countered. 

5.4.1.5 Allowances. The procedures 
presented thus far do not include pro¬ 
visions for three additional groups of 
adjustments that must commonly be 
made: 


1. Allowance for personal time. 

2. Allowance for irregular occurrences 
that may not have been time 
studied or that cannot be prorated 

3. Allowance for machine time. 

These allowances differ from the sec¬ 
ondary adjustments in three respects: 
(1) usually they are applied similary to 
every element in the task; (2) in some 
categories, they may actually represent 
a block of time that may be accumulated 
from a large number of cycles to eventu¬ 
ally provide an interv'al in the work 
period during which the worker will not 
be working; and (3) they relate to fac¬ 
tors external to the job. 

1. Allowance for personal time. This 
category is not to be confused with the 
commonly used, catch-all term fatigue 
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allowance, which, because of the many 
interpretations of the term fatigue, has 
led to a great deal of misunderstanding. 
After the time-study observations have 
been adjusted either by subjective rat¬ 
ings or objective ratings (including sec¬ 
ondary adjustments), the result is sup¬ 
posedly a time value that will permit 
the operator to produce work in this 
time, or less, throughout the normal 
work period, so far as the internal work 
of the operation is concerned. However, 
note that no attention is paid to personal 
needs (among other items) or to the 
effect of external conditions upon per¬ 
sonal needs. 

A person usually cannot work through 
a normal industrial work period without 
attending to personal needs. The amount 
of time required will be affected by the 
conditions surrounding the work: less 
when the surroundings are comfortable 
and quiet, and more when they are hot, 
dusty, or noisy. Many plants have a set 
schedule to provide for personal time 
during the w'orking day. 

2. Allowance for irregular occurrences. 
It is desirable to study and rate all ir¬ 
regular occurrences and to prorate them 
so that they are properly apportioned 
to each cycle. However, it is extremely 
difficult to handle some occurrences in 
this manner. For example, let us assume 
a sewing-machine operator must clean 
his machine at the end of each day. 
Perhaps this takes five minutes. It is 
hardly projier to charge all this time to 
the last job of the day. Nor is it feasible 
to prorate it to a value that is added 
to each cycle, since the operator may 
work on several jobs each day and each 
job may have a different total cycle time. 
Yet the cost of these five minutes should 
somehow be distributed among the jobs. 
Consequently, some adjustment must be 
made that will permit the accumulation 
of five minutes during the day as part 
of the standards. Similar allowances may 
have to be made for tool and machine 
maintenance, and the like. 

A unique method of determining and 
evaluating irregularly occurring elements 
is described as “ratio-delay” studies. 
These are made as follows: 
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The observer passes the work stations 
at random intervals. Each time he passes 
some predetermined spot, he notes on a 
check sheet what is occurring. The fol¬ 
lowing precautions should be observed: 

1. Only homogeneous groups should be 
combined in a single study; that is, simi¬ 
lar observations on similar machines. 

2. Fewer than 1,000 observations are of 
little value. Best results are obtained in 
the range from 2,500 to 3,500 observa¬ 
tions. 

3. Observations must be at random 
intervals . . . and independent. 

4. Observations should be made 
throughout all hours of a working day, 
and over a period of not less than two 
weeks.* 

The percentage of occurrences of each 
type of activity in the sample of obser- 
v.ations indicates the percentage of time 
spent at it. When these percentages are 
reduced to minutes per working day, 
they can be used as a ba.sis for determin¬ 
ing percentage allowances to be added 
to the standard time for all elements. 

As an alternate procedure, a mechani¬ 
cal or electrical recorder is placed on the 
machine to provide an accurate time 
measurement of each delay. In an ac¬ 
companying log, the foreman or worker 
notes the reason for each delay. These 
two records may later be analyzed to 
provide a basis for allowances for irregu¬ 
lar occurrences. 

It is strongly suggested, however, that 
when the irregular work can be directly 
attributed to a specific job, and when 
a rate of occurrence during that job can 
be determined, the time value should be 
handled as an irregular element. Other- 
, wise the allowances for irregular elements 
may get out of hand and may eventually 
lead to sizable inconsistencies in the com¬ 
parative difficulty of standards for differ¬ 
ent jobs. Extended time studies can be 
made in which the work is divided only 
into productive W'ork and delays. Either 
a stop watch or a memomotion camera 
can be used. With a camera, more than 
one machine can be observed at a time, 

* J. S. Petro, “Using Ratio-Delay Studies 
To Set Allowances,” Factory, October 1948, 
94. 
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with no loss of aceufacy. Such studies 
provide a basis for determining accurate 
allowances. 

3. Allowance for machine time. There 
are some who will feel that the adding 
of an additional allowance, so as to per¬ 
mit an equal production increment over 
standard on all jobs, to jobs where the 
machine controls in excess of 45 per cent 
of the cycle (the percentage at which 
the rest effect ceases to make up for 
the lack of production opportunity) is 
a “softening up” of the standard. This 
attitude is worth examining from two 
points of view: first, as if no incentives 
were to be applied; and second, with 
incentives applied. 

In either case, production in excess of 
standard should be expected from the 
typical worker. The standard should be 
set below expected performance in order 
to provide a situation that leads to “at¬ 
tainment” rather than to “implied frus¬ 
tration.” 

When no incentives are used, an ad¬ 
justment to make equal the excess at¬ 
tainment possible on all jobs will 
enhance the value of the standards for 
most uses, since they may be used 
similarly for scheduling and the men in 
the shop may inter-compare their per¬ 
formance with one another on a simple 
basis. This is their usual concept of 
equity and is hardly worth disturbing. 

If incentives are in use, an incentive 
increment may be provided for machine 
jobs that is equal to the increment pro¬ 
vided for jobs that involve only hand 
time. Or an even higher incentive incre¬ 
ment may be established, since the actual 
burden rate is higher on the machine 
jobs. Certainly some adjustment must be 
made if the job hierarchy is not to be 
completely upset. 

Table 5.21 gives a schedule of allow¬ 
ances, including a se>' of values for 
equalizing the over-standard production 
attainable on jobs that are partly ma¬ 
chine-controlled. These values are based 
on a standard that makes 30 per cent 
over-standard production typically ex¬ 
pectable. The values of category three 
would have to be altered if any other 
percentage were introduced. 


[•.4.1 ji 

For tasks where the operator works 
during part of the machine cycle, further 
computations are necessary before the 
values from all three categories are 
added to obtain the allowance. Let us 
assume we have a task of which 60 
per cent is controlled by the machine. 
However, since the operator prepares a 
load during part of this time, he actually 
works 70 per cent of the cycle. Accord¬ 
ing to Table 5.21, an operator with a 
cycle of 70 per cent hand time would 
receive a 0 allowance; the implication 
is that he could work fast enough during 
the 70 per cent to exceed the standard 
by 30 per cent without any allowance. 
However, his excess productivity during 
40 per cent of the cycle would show up 
How fast he went during the remainder 
of the hand time would be of no value, 
since the machine controls the produc¬ 
tion after the 40 per cent for hand time 
is completed. Conseqeuntly, instead of 
gaining 30 per cent, he would gain only 
^ X 40/70 = 17 per cent. An allowance 
of 30 — 17, or 13 per cent, would have 
to be added to bring this standard to a 
level he could exceed by 30 per cent 
without greater exertion than a 100 per 
cent manually paced operator. Note that 
this allowance is larger, as it should be, 
than the 6 per cent allowance that would 
accompany a job involving 60 per cent 
machine time during all of which the 
operator rested. Other situations may be 
evaluated in a similar manner. 

Table 5.21 is only suggestive. The 
nature of the allowance or the meager¬ 
ness of data may require that some of 
the items be recomputed or negotiated 
before being used in an actual applica 
tion. 

5.4.1.6 Summary. A time study com 
plete with allowances, and with the fin.il 
calculations made and transferred to the 
front, is shown in Fig. 5.37 a and b. The 
two calculations at the bottom of the 
front of the sheet are designed to sum¬ 
marize the effect of the ratings and al¬ 
lowances for the time-study supervisor. 
The “production anticipated at stand¬ 
ard” is computed on the basis of the 
allowed cycle time. The “production dur¬ 
ing study” is computed on the basis of 
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TABLE 5.21 ALLOWANCE TABLE* 


Category 

Reference letter 

Condition 

Time 

in minutes 
in 8-hour 
work spell t 

Per cent 

1—Personal { 

S 

T 

U 

SP 

Comfortable 

Warm or slightly dis¬ 
agreeable 

Hot, dusty, noisy, 
etc. 

Special or unusual 

15 

20 

50 

As required 


2—Irregular 





(Cleanup, tool, etc.) 

Use name 

Evaluate 

Suitable 



To reduce the total of time from categories 1 and 2 to a per cent value, use an equation 
in which: A » minutes per work day; B » minutes personal allowance per work day; 
C »■ minutes irregular allowance per work day. 


B -\-C 

A -iB+ C) 


X 100 


3—Per cent of basa 

V followed by per 

100 of cycle con- 

i 

1 

time of cycle con- 

cent controlled 

trolled by machine 



trolled by the ma- 

by machine 



30 

chine ** 


95 


27 



go 


24 



85 


20 



80 


17 



75 


14 



70 


11 



65 


g 



60 


6 



55 

j 

4 



50 


3 



45 or less 


0 


* From Mundel, Motion and Time Sl-udy: Princtvles and Practice, p. 359. 
t Divided into two 4-houT work s^lls Iw a lunch period. 

I If rest spells are used, as total time of rest pauses instead of this if rest pauses are meant as substitutes 
r personal time taken .at will. 

** These per cent allowances are for standards with a 30 per cent anticipated typical production increment. 


the total average time (with irregular 
elements prorated as necessary). These 
two values sum up the relationship be¬ 
tween observed performance and antici¬ 
pated performance; they are often of 
great aid in indicating when unusual or 
diihcult situations may arise from the 
installation of the standard. 

5.4.2 Synthesized standards. Proce¬ 
dures for synthesizing standards may be 
divided into two main groups: (1) pro¬ 
cedures that use standard elements and 
that are generally designed for use with 
a given type of work, and (2) procedures 


that are based on smaller action units to 
permit more general application. Each of 
these two types is discussed separately. 

5.4.2.1 Synthesized standards from 
standard elements. To develop the basic 
element times from which standards may 
l>e synthesized, it is necessary to have 
a series of time studies of similar jobs. 
The time study data must have the 
following characteristics; 

A. Based on an adequate written 
standard practice with well-defined 
element end points. 

B. Broken down into similar elements. 
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FIG. 5.37a COMPLETED REAR OF TIME STUDY FORM 
FOR TASK OF ASSEMBLE SAXOPHONE 











































From Mundel. Motion and Time Study: Principlee and 
Practice, o. 361. 


FIG. 5.37b COMPLETED FRONT OF TIME STUDY 
FORM FOR TASK OF ASSEMBLE SAXO¬ 
PHONE PAD. 
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C. Similar methods used in the tasks 
observed. 

D. Similar equipment used in the 
tasks observed. 

E. Homogeneous elements. 

F. Rated to a uniform rate of activity. 

G. Comparable allowances used. 

In developing standard data for a 
group of jobs, the following types of 
elements may be encountered (and 
should be isolated): 

A. Constant elements, indentical from 
job to job. 

B. Variable elements, similar from* 
job to job but varying in difficulty with 
the size, shape, and so forth, of the work. 
These may involve handwork or work 
with a machine, if the machine work is 
operator-paced. 

C. Machine elements, mechanically 
controlled by the feed, speed, length of 
cut, welding current, thickness of ma¬ 
terial, and so forth. 

These three types of elements may 
exhibit any of the. following three char¬ 
acteristics of occurrence: 

1. Repeated the same number of times 
in each job. 

2. Repeated a different number of 
times in each job. 

3. Appear in some jobs and not in 
others. 

The data should be obtained and 
handled in the following manner: 

1. Obtain time studies for as wide a 
range of jobs as possible, within a given 
group of similar jobs. 

2. Be sure the time study data meet 
the criteria previously stated, 

3. Summarize the time studies on a 
summary form. (The columns usually 
are for given elements, and the lines for 
given jobs. It is customary to list also, 
on each line, all physical characteristics 
peculiar to the item handled on that job 
—^i.e., weight, volume, etc.) 

4. Ascertain which elements are con¬ 
stant and which are variable (a function 
of some characteristic of the product). 

5. For the constant elements, deter¬ 
mine the average standard time. Statisti¬ 
cal techniques may be used to examine 
the significance of the variability of the 
data for such dao^ts. 


6. For the variable elements: 

a. Determine, on a logical basis, 
what job characteristic or char¬ 
acteristics they are a function of. 

b. Plot on a graph the time for each 
element against a variable or 
variables. (Note that sometimes 
the variables may interact or act 
in combination.) 

c. Fit a smooth curve or curves 
to the points plotted. 

This curve (or curves) may or may 
not pass close to the , points. (If two 
variables control the values, a series of 
parallel curves may be necessary.) If 
the curve does not fit the points reason¬ 
ably well, any of the following causes 
may be responsible: 

(1) The time studies were incorrectly 
or inconsistently rated. 

(2) Other variables as well as those 
plotted also affected the time. 

(3) The method varied. 

(4) An incorrect variable was used. 

Each possibility should be investigated 

and evaluated. Note that even if the 
values fall along a smooth curve, it is 
still possible that two types of errors 
occurred that compensate for each other, 
although this is not likely. The varia¬ 
bles used should be reasonable. When a 
reasonable fit with a smooth curve 
cannot be obtained, or when the reason 
for lack of fit cannot be explained with 
certainty, the investigations and study 
should continue until such can be done. 
Haphazard basic times are never justifi¬ 
able. A good criterion is, "Could this be 
explained in a manner that would be 
acceptable to the typical worker?” This 
criterion rules out the use of complicated 
mathematics in the final statement, al¬ 
though the careful worker may choose 
to fit his curves mathematically. In 
many cases, only a straight line is justifi¬ 
able, and it is often fitted by the method 
of least squares. This method, however, 
is designed to determine the line with 
the best fit and not to justify the line. 

d. If the variable is discrete—that 
is, if it has only definite steps 
between two limits—prepare a 
table for the range of jobs cov¬ 
ered. If the variable is continu- 
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Otts—^that iis, if it has an infinite 
number of possibilities between 
two limits—prepare a graph. 
Some workers prepare a formula for the 
function. But if the formula is at all 
complex, it is often considered undesira¬ 
ble,* because: 

(1) It may complicate the determina¬ 
tion of standard. Of course, the 
analyst may prepare a very com¬ 
plex equation and use it himself 
either to plot the curve or to find 
the basic time for step-by-step 
values of the variable, and then 
prepare a detailed table for actual 
use. However, the questions may 
well be asked, “Are the data really 
as accurate as all this refinement 
would suggest ? Could not accept¬ 
able values be read off the curve 
sketched for the data?” Also, since 
a table has a finite number of 
steps, the values nearest the ac¬ 
tual condition of the variable in 
a specific application must be used 
as a reasonably good approxima¬ 
tion ; hence, extreme accuracy 
cannot be obtained. 

(2) It tends to befuddle most of the 
working groups to whom it is 
“explained.” 

(3) It requires additional work that 
does not usually add utility to the 
basic times. 

(4) It may lead to extrapolation be¬ 
yond the range covered by the 
data, and thus cause serious er¬ 
rors. 

5.4.2.2 Synthesized standards from 
basic motion times. In some cases, it is 
either inconvenient or impossible to en¬ 
gineer a standard directly (the job may 
not be in operation), and studies of 
similar work from which applicable ele¬ 
ment times could be extracted or de¬ 
veloped may not be available. Further, 
it may be desirable to develop a standard 
by another means as an independent 

* This is not true of the common practice 
of using a simple mathematical formula to 
show how the elements are combined into 
a standard. Since such a formula usually 
involves no higher mathematics, it is often 
a helpful device. 


basis of comparison for stop-watch 
standards. However, individual motion 
times for units as small as therbligs are 
not independent values; rather, they are 
affected by the pattern of motions in 
which they occur. Although in the 
method given here, corrections for this 
effect are made, the data given are not 
to be considered absolute values nor is 
the correction to be considered com¬ 
plete. Reference should be made to Art. 
5.5 (Sources of error), which offers sug¬ 
gestions for the intelligent use of these 
data. 

Source oj the data. The data given in 
this section were developed by Dr. I. P. 
Lazarus and are reproduced with his 
permission. Using the camera timing 
technique described in Art. 6.4.1, he col¬ 
lected numerous time studies of indus¬ 
trial operations. These pictures were 
taken at 1,(X)0 frames per minute to 
permit later rating against the multi¬ 
image loops described in Art. 5.4.1. The 
reliability of the samples was checked 
using statistical methods. The rated ther- 
blig times were treated in the manner 
described in Art. 5.4.2, Item 6. 

The data developed were tested by 

(1) reconstituting the original jobs, and 

(2) synthesizing a second group of new 
tasks and comparing the standards thus 
developed against standards set inde¬ 
pendently by stop-watch time study and 
objective rating procedures. The differ¬ 
ences between these latter pairs of values 
were in the order of the usual dis¬ 
crepancy between pairs of independently 
set time studies. 

Variables evaluated. When all data 
Were reduced to a common pace (see 
Art. 5.4.1), the therbligs TE and TL 
(see Table 6.8) were found to be an 
exponential continuous function of dis¬ 
tance. 

Grasp was a discrete function of con¬ 
dition of grasp. Four types were isolated: 

1. Contact: control gained by mere 
contact. 

2. Contact pinch: control gained by 
contact with one or more fingers 
sliding the object into a position so 
that the thumb could oppose them. 

3. Pinch; control gained by maneuver- 
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FIG. 5.38 THE SIX SOUBCE8 OP RESTRICTIONS POS¬ 
SIBLE WITH THE THERBLIG POSITION. 


ing the hand so that the thumb and 
one or more fingers came into oppo¬ 
sition on the object. 

4. Wrap: control gained by fingers 
and palm coming into opposition 
on object. 

Position was a function of the number 
of degrees of positioning required. A 
degree was defined as a restriction in a 
dimension or orientation that had to be 
provided by the operator; there were six 
possible sources of restriction, but no 
more than five were found to occur at 
once. The six sources are shown in Fig. 
5.38. 

Assemble was found to be a function 
of the distance of restricted movement. 

Disassemble And release load ap¬ 
peared to be constants. The interactions 
and interdependence of the therbligs 
were adjusted for by grouping them 
into elements and by applying secondary 
adjustments (see Table 5.20, and 6.41) 
to the elements as a whole. Conse¬ 
quently, it appears that the therblig 
times are a function of (at least) the 
variables given under each therblig, the 
variables covered by the secondary ad¬ 
justments of Table 5.20, and the con¬ 
text of the element in which they occur. 

Basic motion time values. The data 
determined by the procedure described 
above are given, in a form suitable for 
use in synthesizing a task, in Table 5.22. 

Method of use. To develop a standard 


from the data given in Table 5.22 the 
following steps should be followed: 

A. The actual or contemplated work¬ 
place or work area should be carefully 
dimensioned, as shown in Fig. 5.39, and 
the nature of what is to be accomplished 
should be summarized, 

B. Using a form such as that shown in 
Fig. 5.40, each element should be de¬ 
tailed in terms of constituent therbligs. 
Elements of the magnitude of stop-watch 
time-study elements should be used to 
allow for therblig interactions. The con¬ 
ditions of each therblig should be care¬ 
fully evaluated and noted in the proper 
column in terms of the variables used 
in Table 5.22. 

C. Using Table 5.20, the secondary 
adjustment for each element should be 
computed using the proper columns of 
Fig. 5.40. 

D. Using Table 5.22, the time for each 
therblig, for’each hand, should be en¬ 
tered on the computation form, as in 
Fig. 5.40. (The job shown in Fig. 5.39 
was used.) Note that Table 5.22 gives 
basic times, the basic times plus 1 per 
cent increments to 1.10 of the b^c 
time, and then successive 10 per cent 
steps from .10 to .90 of the basic time. 
If the secondary adjustment is 10 per 
cent or less, the therblig time may be 
entered on a form such as that in Fig. 
5.40, with only one entry. If the second¬ 
ary adjustment exceeds 10 per cent, two 
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FIG. 5.39 SKBTCH OF WORKPLACE. 

entries should be made; for a secondary their value from the controlling hand, 

adjustment of 23 per cent, for example, For select, which is basically a therblig 

both the l.(^ multiple (the value from with no controls, twice the grasp time 
column E) and the multiple .20 (from should be used as an approximation, 
column N) should be entered in the two E. The total element time is taken as 

time entry spaces for each therblig pro- that required by the hand with the 

vided on the form in Fig. 5.i0. Unavoid- longest or controlling time. 

aUe delays, holds, and so forth, take F. On a form such as that shown in 
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FIG. 5.40 ELEMENT WORK SHEET FOE USB WITH 
PREDETERMINED APPROXIMATE WORK 
TIMES, (filled in FOR JOB OF FIG. 6.39.) 


Fig. 5.41, the elements qjid job infor¬ 
mation are summarized, the allowances 
computed (see Art. 5.4.1.5), and then 
the standard is computed. (The job of 
Fig. 5.39 was again used in this illustra¬ 
tion.) 

Since the original data were developed 
by the procedure described under 5.41, 
the standard that results from the use 
of these data should be, within limits, 
comparable to the standard described in 
that article. This synthesizing procedure 
is particularly useful for planning new 
work or for comparing contemplated, 
alternative methods. 

5.4.3 Statisticol standards. These are 
usually determined by the following pro¬ 
cedure: 

A. Defining the standard of measure¬ 
ment in terms of some time statistic. 

B. Selecting an apparently related 
work unit. 

C. Determining the relationship be¬ 
tween A and B. 


Statistical standards are usually used 
for management control purposes rather 
than for detailed or incentive use. 

5.4.3.1 Defining the standard of per¬ 
formance. The time statistic selected 
may be the mean or arithmetic average, 
one of the quartile boundaries, or some 
function of the mean and the standard 
deviation. Since all these measures are 
calculated from data on past perform¬ 
ance (usually a considerable period and 
number of people are involved), the sta¬ 
tistical standard may be said to be a 
function of past performance. For ex¬ 
ample, standard time for an activity may 
be defined as the average time previously 
taken, per work unit, over the past two 
mont^ or over the best two months in 
the past year, and so forth. 

Concerning statistical standards, Mr. 
W. R Vogel, Ordnance Manpower Con¬ 
trol Specialist, has written: 

If we set a performance standard sta¬ 
tistically using the arithmetic mean, we 
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FIQ. 5.41 SUMMARY FORM FOR DEVELOPING STAND 
ARD TIME PROM DATA OF FIG. 5.40. 


are defining the performance standard as 
the average amount of time it has taken • 
to produce a work unit in the past. This 
definition makes no assumption of im¬ 
provement. 

If we set a performance standard using 
an upper quartile, we are setting a per¬ 
formance standard that is something 
higher than average past performance. 
On this, 1 have two comments. 

First, in the light of the purposes for 
which this standard is to be used, I 
feel that by using the upper quartile 
method we are automatically introducing 
errors in scheduling work, making budget 


estimates, and arriving at manpower al¬ 
lowances. My reasoning on this is that 
the mere fact that we are setting a high 
performance standard is not at all indica¬ 
tive that we will meet this standard in 
other than the long run sense. If we do 
not meet this standard, obviously we are 
going to require more manpower, money 
and equipment than the standard indi¬ 
cates, which will only complicate the 
budgeting, scheduling, and manpower 
activities. 

Second, the upper quartile perform¬ 
ance standard does not provide a um- 
form approach to the analysis in dif- 
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ferent work areas. In a work where, 
due to the nature of tilte account and the 
work unit, the monthly fluctuations are 
very slight, the upper quartile will be 
very close to the average. In an account 
or woik area where tha% is a great deal 
of dispersion in the data due to type of 
work being measured and the unit of 
measure, the upper quartile performance 
standard will be considerably higher than 
the average. Inasmuch as we have had a 
great deal of dispersion in our perform¬ 
ance data in the past (which was only in 
part caused by fluctuations in produc¬ 
tivity) we have no reason not to expect 
dispersion in the future simply because 
we have set a performance standard. The 
net result of using the upper quartile 
performance standard is that we are 
automatically setting the following cri¬ 
terion for how stiff the standard will be: 

The accounts or work areas with the 
greatest dispersion will have the stiffest 
standard. 

This appears to me to be a particularly 
poor criterion for adjusting manpower. 

The ultimate effect of the application 
of the upper quartile would be to elimi¬ 
nate personnel in a very unrealistic and 
undesirable manner based on a defense¬ 
less criterion. 

No matter what statistical method is 
used to set a performance standard, it 
should be clear that no basis is afforded 
by which we can say an operation is 
good or bad—highly effective or not. 
Statistically, we can validly make state¬ 
ments as to the changes in the effective¬ 
ness ,* not as to the degree of effectiveness 
attained. 

5.4.3.2 Recording the standard 
method and identifying the unit of 
work. The procedure indicated in Art. 

5.4.1.2 can be followed; it needs no fur¬ 
ther detailing. However, since statistical 
standards are usually applied as a gross 
control to departments, operating units, 
or even whole establishments, numerous 
methods on different tasks, in varying 
numbers of repetitions, enter as time- 
consumers. The statistical standard is 
usually expressed as total time for end- 
product units of work. In some cases, 
this work-unit is not easy to identify. 
Take, for example, a shipping depart¬ 
ment for a job shop plant. The work re- 


qtured is a function of the number of 
itons packed, the packing used, the 
weight and size of the items, and so on. 
Keeping records of what is actually done, 
in terms of these numerous variables, 
might require extensive study; in many 
cases, such data are not availabie from 
past records. A convenient work-unit is 
usually selected and its suitability is 
determined by comparing time (man¬ 
hours or man-days) consumed in the 
past and work-units produced. Statisti¬ 
cal techniques such as curve-fitting and 
correlation are used to make this com¬ 
parison. 

5.4.3.3 Determining the relationship 
between time and work-units. Once a 
convenient and significant work-unit has 
been determined, time (man-hours or 
man-days) is stated as a function of 
the work-unit on the basis of the time 
statistic selected (see Art. 5.4.3.1). Ref- 
^ erence to Art. 6.5 (Sources of error) will 
assist in the intelligent use of such stand¬ 
ards. 

5.5 Sources of error. Considerable 
difficulty in working with time standards 
can be avoided if it is realized that they 
involve an extremely sensitive area of 
human relations, and that they are far 
from absolute measures. 

5.5.1 Stop-watch or camera time 
study. Even before the application of 
rating, several possible sources of error 
exist. The method observed may include 
deviations from that commonly used. 
Erroneous decisions may be made as to 
which observations are foreign elements, 
unallowable fumbles, or irregular ele¬ 
ments. The sample of values observed 
may not be a random sample of the 
work required (by the usual product), 
or it may not be a truly random sample 
of performance. The application of sta¬ 
tistical controls only increases the ‘prob¬ 
ability that the sample will be represent¬ 
ative. Further, errors may be introduced 
by faulty reading of the stop watch, al¬ 
though these may be minimized by 
practice. 

5.5.1.1 With common roting proce- 
durvs. There is a considerable possibility 
that the time-study man will introduce 
error in Mtablishing the mental concept 
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with which the observed perfonnance is 
to be compared. Contributing factors may 
be the rdations among the time-study 
department, operators, and foremen, or 
past experience, or simply the time-study 
man's mood. Also, there is no way of pre¬ 
venting these mental concepts from drift¬ 
ing slowly over a period of time. This 
drift may lead to a biased, rather than to 
a random, error. Further, error may arise 
in the comparison of concept and per¬ 
formance. Also, since the application of 
allowances usually requires judgment as 
to which category is applicable, further 
inconsistencies may be introduced in the 
standards. 

5.5.1.2 Improved rating procedure. 
Although the improved procedure re¬ 
moves some of the sources of error com¬ 
mon to conventional rating procedures, 
error may still be introduced when per¬ 
formance is compared with standard 
pace. Further error may be introduced 
by a poor element selection, even if the 
secondary adjustments are correctly ap¬ 
plied. Also, the judgment of selecting a 
pace, to which to compare an observed 
performance, is replaced by the judg¬ 
ment of selecting the proper secondary 
adjustments to apply. However, this is 
a simpler type of judgment, and, al¬ 
though it is still a possible source of 
error, it represents a source of lower 
probability and magnitude; further, the 
resulting error will be random rather 
than biased. (If biased error appears, 
it may be removed by altering the table 
of secondary adjustments.) In addition, 
with the improved rating procedure the 
basis of judgment, both on pace com¬ 
parison and secondary adjustments, re¬ 
mains constant over a period of time. 
And here again, the errors will be ran¬ 
dom rather than biased. The remarks 
made in 5.5.1.1 in respect to allowances 
apply equally to this method. 

5.5.2 Synthesized standards. Methods 
of synthesizing standards tend to hide 
but not eliminate some of the sources of 
error. 

5.5.2J Synthesized stondords from 
standord elements. Since these standards 
axe usuidly based on data from numerous 
time studies, random errors included in 
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the original studies are usually reduced 
in magnitude, whereas biasing errors are 
carried on through- Additional errors 
may be introduced in new jobs by ap¬ 
plying elemental standards to elements 
that are not identical, or by reassembling 
element times into a new pattern in 
which the elements affect each other 
even though no allowance is made for 
such an effect. Further, if variable ele¬ 
ments have been plotted against a for¬ 
tuitous variable, any new value extracted 
from such a curve may be in error. If 
the curve is extrapolated, the implied 
relationship may no longer hold and a 
spurious value will result. In addition, 
the so-called constant elements may not 
be constant; here is another possible 
source of error in application. The re¬ 
marks made previously concerning al¬ 
lowances are also applicable. 

5.5.2.2 Synthesized standards from 
basic motion times. In the first place, the 
original data may be of doubtful accu¬ 
racy. Since the tables are based on aver¬ 
age values, the data should be examined 
to determine possible inherent error. 
Secondly, the time for a therblig has 
been shown to be a function of: 

a. Distance. 

b. Complexity of action. 

c. Amount of body involved. 

d. Bimanualness involved. 

e. Whether the use of the feet ac¬ 
companies the action. 

f. The eye-hand coordination re¬ 
quired. 

g. The sensory requirements. 

h. The weight or resistance involved. 

i. The preceding and following ther- 
, bligs as well as the context of the 

whole pattern of the task. 

j. The direction of the movement. 

k. The place of the therblig in a mo¬ 
tion pattern. 

l. Possible interactions of two vari¬ 
ables. 

m. Several other variables as yet un¬ 
identified. (Even when the effects 
of variables a through k are ex¬ 
tracted, considerable variation in 
observed data still exists.) 

In several available systems of prede¬ 

termining standards, the existence of 
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many of these variablse is disregarded, 
although this is hardly a realistic pro¬ 
cedure for eliminating them as sources 
of error. The system of data given in Art. 
5 .4.2.2 takes into account, to a degree, 
variables a through i. Error may still be 
introduced by an improper description 
of the task, a wrong classification of a 
therblig, a poor element grouping, and 
an incorrect selection of secondary ad¬ 
justments. The remarks made in 5.5.1.1 
concerning allowances are also appli¬ 
cable. 

5.5.3 Statistical standards. Since sta- 
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tistical standards usually do not include 
a description of the work content <in 
terms of actions called for) of the work- 
unit, they lack this essential control and 
will be in error when the work content 
changes. Further, since they are based 
on past performances and provide no 
method of really appraising or evaluat¬ 
ing these performances, they may be 
extremely inconsistent. Standards based 
on data from poor performances (poor 
because of equipment, work effort, 
worker ability, supervision, or intermit¬ 
tent activity) cannot be differentiated 
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FIG. 5.43 PROCEDURE ANALYSIS PROPOSAL SUMMARY 
FORM. 


from standards based on good perform¬ 
ances, nor can the reason for the dif¬ 
ferences be easily detected. Further, the 
larger the group, the more distantly the 
work-unit used may actually be related 
to work or effort input. Indeed, there is 
some question whether the worci “stand¬ 


ard” has the same significance as in the 
techniques of Arts. 5.4.1 and 5.4.2. How¬ 
ever, if one recognizes these possible de¬ 
ficiencies and uses the statistical values 
as guides, they may be of considerable 
value. 

5.5.4 Summary. All methods of deter- 
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From Mund«I, Motion and Time Study; Prmciplet and 
Practice, p. 8M. 

PIG. 5.44 WRITTEN STANDARD FOR PROCESS. * 


mining standards have at least several 
possible or probable source of error. In 
using these methods, one should at¬ 
tempt, as far as possible, to control and 
reduce all controllable sources, while still 


recogniising their nature and the exist¬ 
ence of other sources. Also, it should be 
recognized that the values produced are 
only approximations of the concept em¬ 
bodied in the statement of standard. 


FIG. 5.45 SAMPLE TIME STANDARD FORM FOR RATE 
BOOK. 
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From Muridet, Motion and Tima Study: Principle* and 
F>iarf<r«, p. 399. Reproduced by courtesy of D. C. 
Parsons, Mfg. Mngr., Perfect Circle Co. 


FIG. 5.46o WRITTEN STANDARD PRACTICE FOR OPER¬ 
ATION 


6 . MOTION AND TIME STUDY 
REPORTS 

6.1 TYPES AND USES 

If adequate use is to be made of 
the data developed through motion 
and time study, adequate reports should 


be submitted in connection with: (a) 
each project undertaken, and (b) total 
activity in these functional areas. The 
individual project reports normally form 
a basis for acceptance or rejection. Ade¬ 
quate reports of total activity serve as: 
(a) a continual roninder of what can be 
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From Mundel, Motion and Time Study: Principle* and 
Practice, p. 396. Reproduced by courtesy of D. C. 
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FIG. 5.46b WEIITBN STANDARD PRACTICE FOE OPEB- 
ATION, CONTINUED. (SPACE DOES NOT 
PERMIT BEPBODUCING THE REST OF 
THIS.) 
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FIG. 5.47 METHOD IMPROVEMENT AUDIT FORM. (DE¬ 
VELOPED BY DR. I. LAZARUS, ARMY ORD¬ 
NANCE MANAGEMENT ENGINEERING 


TRAINING PROGRAM.) 

done, (b) a basis for programming future 
activity, and (c) a basis for evaluating 
the worth of the activity. 

6.2 PROJECT REPORTS 

Project reports may be submitted 
in the form of a method proposal, 
a procedure proposal, or a work stand¬ 
ard. 


6.2.1 Method proposal. A form suit¬ 
able for summarizing the content of a 
method proposal is shown in Fig. 5.42. 
This would satisfactorily serve as: (a) 
a letter of transmittal, (b) a summary 
sheet, or (c) a source for summarizing 
the information into a periodic report. 

6.2.2 Procedure proposal. A form 
suitable for summarizing the results of 
a procedure proposal is shown in Fig. 




MOTION AND TIME STUDY 


[«XS 


moatOOKI AMALYSIS ACTIVITY AODtT SHOT 

IMSTAUATIOR 

CBMRTMtNT 

DATS iNSiNa. iraxoo oovnsD 

z 

ACTIVITY 



a. 

Total nunber of aaa houra apant la praeaduro aad fonaa 


b. 

daalga atudlaa during ropert parlod. 

Raduetlon la nan houra of work load par aonth aa raault of 


0« 

procedura and fonaa design ehangaa during report parlod. 
Cumulatlva aavinga In nan hours. 

11 

FROCBOUW STUDIES 


a. 

Approxlnata nunber of proeeduraa la Installation. 


b. 

Total nunber of prooedures recorded graphically at end of 


e. 

last report period. 

Nunber of procedures recorded graphically during this report 


d. 

period. 

Total nunber of prooedures recot^d graphically at end of 


t. 

this report period. * 

Nunber of prooedures propoaale eubnltted during report 


f. 

period. 

Nunber of procedure proposals accepted during report period. 

III 

POHie DBSION 



a. 

Total nunber of forns In use at and of last report period. 


b. 

New fonaa created not replacing old ferns. 


0* 

Nunber of foms conblned. 


d. 

Nunber of foms elininated. 


a. 

Net change In nunber of foms la iwa. 


f. 

Total nunber of foms la use at end of present report 


t. 

period. 

Nunber of foms slaipllfldC. 





FIG. 5.48 PROCEDURE ANALYSIS AUDIT FORM. (DE¬ 
VELOPED BY MB. J. MOQUIN, ARMY ORD¬ 


NANCE MANAGEMENT 
TRAINING PROGRAM.) 


5.43. This fonn serves the same three 
purposes served by Fig. 5.42. 

6.2.3 Work standard. The standards 
for a process may be reported in the 
form shown in Fig. 5.44. The standards 
for an operation may be reported on the 
form shown in Fig. 5.45. Father form 
would be backed up by time studies and 
operator instruction sheets. Part of an 
operator instruction sheet is shown in 
Fig. &AS. 


ENGINEERING 


6.3 ACTIVITY REPORTS 

Separate activity reports may be 
submitted for each of five func¬ 
tional areas: 

a. Methods improvement. 

b. Procedure analysis. 

c. Labor standards development. 

d. Training (work simplification, etc.). 

e. Suggestion plan operation. 

Only the first three of these are de- 
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FIG. 5.49 WORK MEASUREMENT AUDIT FORM. (DE¬ 
VELOPED BY MR. C. SCHNEIDER, ARMY 
ORDNANCE MANAGEMENT ENGINEERING 
TRAINING PROGRAM.) 


scribed in this section. Such reports are 
often referred to as “periodic audits of 
the performance of the function.” 

6.3.1 Methods improvement. A form 
suitable for periodic reports on the per¬ 
formance of this function, as developed 
by Dr. I. Laza'-us of the Army Ordnance 
Management Engineering Training Pro¬ 
gram, is shown in Fig. 5.47. 

6.3.2 Procedure analysis. A form suit¬ 
able for periodic reports on the perform¬ 


ance of this function, as developed by 
Mr. J. Moquin of the Army Ordnance 
Management Engineering Training Pro¬ 
gram, is shown in Fig. 5.48. 

6.3.3 Labor standards development. 
A form suitable for periodic reports on 
the performance of this function, as de¬ 
veloped by Mr. C. Schneider of the 
Army Ordnance Management Engineer¬ 
ing Training Program, is shown in Fig. 
5.49. 
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7. MOTION AND TIME &TUDY 
POLICIES 

7.1 DEFINITION 

Policies are statements of the pro¬ 
cedures and aims to be followed by 
an organization in meeting recurring sit¬ 
uations. 

7.2 AREAS TO BE COVERED 

If routine motion and time study 
work is to be effective, the control¬ 
ling policies should state the aims and 
procedures for at least the following 
seven items. 
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Factory Systems 

and Procedures 


Lawrance F. Bell 


1. Systkm, procedure, and method. 1.1 Administrative plans. 1.2 Procedures. 1.3 
Systems. 1.4 Examples of simple systems. 1.5 Requirements for a system. 

2. Solving advinistrative problems. 2.1 A poor approach to system and procedure 
problems. 2.2 Administrative problems are seldom localized. 2.3 in solving administrative 
problems, avoid unnecessary haste. 2.4 An analytical approach. 

3. System improvement studies. 3.1 Five ways to improve a system. 3.2 Oppor¬ 
tunities for improvement. 3.3 A pattern for system studies. 3.4 Preliminary survey. 
33 The scope of the study should be decided in advance. 3.4 The cost of a study must 
be recoverable. 

4. System analysis. 4.1 Gather information by interview and observation. 4.2 At 
each work station, obtain and record adequate information. 4.3 Summarize the general 
information collected. 4.4 Analyze the responsibility distribution. 4.5 Analyze the flow 
of items and forms. 4.4 Analyze the system information. 4.7 Other techniques of analysis. 

5. System design—planning and development. 5.1 Develop basic plans. 5.2 Plan 
the assignment of responsibilities. 5.3 Correct deficiencies in policy. 5.4 Plan the pro¬ 
cedures and flow of information. 5.5 Design the physical system. 5.4 Improve the new 
system. 5.7 Prepare diagrams or written procedures. 5.8 Obtain suggestions and final 
approval. 

4. System design—probuems and precepts. 4.1 Terminologies. 4.2 Classifications. 
4.3 Two perennial questions of system design. 4.4 Design for the main volume of work. 
4.5 Administrative control. 4.4 An approach to system design decisions. 

7. Building assurance into the system. 7.1 Some ways to eliminate sources of 
system failures. 7.2 System failures should be expected. 7.3 Automatic correction of sys¬ 
tem failures. 7.4 Systematic disclosure of system failures. 73 The balance-checking 
technique of control and error detection. 7.4 Other methods of checking and controlling 
system results. 7.7 Minimizing system timc«in-process. 

8. Some principles of procedure design. 8.1 Procedures are for people. 8.2 A sys¬ 
tem is no stronger than its weakest link. 8.3 Procedure analysis of Example I. 8.4 Pro¬ 
cedures must be sure-starting. 8.5 Design procedures to assure complete performance. 

9. System cost reduction. 9.1 Each increment of system cost must be justified. 
9.2 Achieving cost reduction. 9.3 Some possibilities for improvement. 

10. Procedures installation and control. lO.l Installing new systems and pro¬ 
cedures. 10.2 Procedures control. 103 Forma control. 103 Placing responsibility for 
system improvement and procedures control. 

11. Forms and reports desion. 11.1 Purposes of forms. 11.2 Objectives of forms 
design. 11.3 Planning the form. 11.4 Designing the form. 113 Design of administrative 
control reports. 

12. System methods and devices. 12.1 Information accumulating and storage 
methods. 123 Work planning and progress control devices. 123 Hand sorting and 
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selecting devices. \%A Automatic information-processing machines. 12J Duplication 
methods and equipment. 

13. Materials control systems. 13.1 Economy in materials control systems: the 
objective. 13.3 Matedals control development and organization. 13.3 Materials control 
implies processing information. 13.4 Inventory status and change data. 13.5 Predicting 
materials requirements. 13.4 Criteria for materials control decisions. 13.7 Evaluation of 
system performance. 

14. Pr(H)uction control systems. 14.1 Objectives of the production control func¬ 
tion. 14.2 Relationships of production control to other functions. 14.3 Systems must be 
compatible. 14.4 Effects of the type of industry on production control systems. 14.5 
Division of duties and functions in production planning and control. 


This section is for those interested in 
improving the effectiveness and reduc¬ 
ing the cost of systems and procedures. 
It is essentially a summary of ideas well 
known to professional system analysts. 
Some new concepts and points of view 
are introduced to provide a better 
understanding of problems of system 
design and how they can best be solved. 
The general plan is to describe the na¬ 
ture of procedures and systems and indi¬ 
cate why they are necessary, to point 
out what makes good systems good and 
bad systems bad, to present some im¬ 
portant ideas and principles and develop 
some helpful rules for improvement, and 
to provide some useful information 
about systems devices and techniques 
and the design and forms of reports. 
The ideas and information presented are 
slanted toward the problems of manu¬ 
facturing companies, but are applicable 
to any organization. Special emphasis is 
given to systems for materials control 
and purchasing, and production plan¬ 
ning and control. Accounting systems 
are treated only indirectly, as part of 
the over-all pattern of interrelated sys¬ 
tems. 


1. SYSTEM, PBOCBDURE, AND 
METHOD 

1.1 ADMINISTBATIVE PLANS 

The essence of any organization 
is people working together to 
achieve common goals. For the over-all 
effort to be successful, decisions and ac¬ 
tions must be coordinated among indi¬ 


viduals and between groups; they must 
be consistent, and, -on the average, they 
must yield satisfactory results at a rea¬ 
sonable cost. To accomplish this, a 
structure of administrative plans is nec¬ 
essary to give direction to individual 
activity and to serve as the basis for 
control.* 

Procedures are one type of plans nec¬ 
essary for effective and economical ad¬ 
ministration. To understand the nature 
of procedures and why they are neces¬ 
sary, it is helpful to analyze the total 
complex of administrative plans of 
which they are an essential part. 

Newman divides plans into two gen¬ 
eral categories: those which are stated 
in terms of results to be achieved 
(goals), and those which are stated in 
terms of actions (operating plans).t 
Under goals, Newman includes general 
objectives, deadlines, specifications, 
quotas, and all types of standards for 
operating achievement. He divides oper¬ 
ating plans into single-use plans, which 
“lay out a course of action to fit a 
specific situation and are used up when 
the goal is reached,” and standing plans, 
which “are designed to be used over and 
over again.” Organization, policies, pro¬ 
cedures, and standard methods fall in 
the latter category of standing adminis¬ 
trative plans. 


See B. E. Goetz, Management Plan¬ 
ning and Control (New York; McGraw- 
Hill Book Company, Inc., 1949), Ghapter 
4. 

t W. H. Newman, Administrative Action 
(New York: Prentice-Hall, Inc., 1951), 
Chapters 2 and 3. 
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1.2 PBOCEDUKES 

r 

1J2.1 Definition. A procedure is a 
predeteraiined course of action. 
Procedures are standing plans for people 
to follow in carrying out repetitive ad¬ 
ministrative tasks in a systematic way. 
They are a translation of general plans 
and policies into standard patterns of 
decision and action. They establish who 
shall do what, and when, and in what 
sequence. 

Some examples of procedures are the 
sequences of action required to: 

Initiate purchase of a special item. 

Make a bank deposit. 

Effect a drawing or specification 
change. 

Verify and pay an invoice. 

Establish a new job description. 

Receive an incoming shipment. 

Acquire an additional employee. 

Procedures are not always well planned 
or well designed. They often “just grow” 
piecemeal fashion, as a result of pres¬ 
sures for speed, accuracy, self-protec¬ 
tion, control, and simplified supervision. 
This is a process of evolution, by trial 
and error, in which loopholes are 
plugged and deficiencies are corrected 
as they become problems. Such proce¬ 
dures become standard practice through 
usage, general acceptance, and subse¬ 
quent enforcement. 

Although procedures are managerial 
plans, they are seldom actually initiated 
and developed by executive direction. 
Typically, they are originated in the 
middle and lower levels of the organiza¬ 
tion by the people directly involved in 
routine activities and their immediate 
supervisors. 

A procedure is not necessarily writ¬ 
ten; it may not be recorded either in 
outline nor in detail. Customary practice, 
which has not been recorded or even 
approved, is just as much procedure as 
well-planned, written standard instruc¬ 
tion. 

Procedures do not always involve 
paperwork. Forms and reports are 
merely devices which are commonly used 
to facilitate routine handling of infor¬ 
mation. In the office functions of most 
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organizations, paperwork is so common¬ 
place and evident that it is often difficult 
to discriminate between this physical 
aspect of oflSce activity and the underly¬ 
ing plans and sequ^ces. 

Procedures are necessary for all repet¬ 
itive functions, not only for those car¬ 
ried on in an office. Office procedures are 
perhaps more evident, but hardly more 
important or numerous than those of the 
shop, warehouse, laboratory, and field. 

1.2.2 Procedures ore necessary. When 
a certain situation requiring decision or 
action recurs periodically, or is dupli¬ 
cated for each occurrence of a common¬ 
place event, it is necessary that many 
of the questions shall be answered once 
and for all, and not be re-evaluated each 
time. There are many reasons for this. 
In the first place, no human being could 
be induced to ignore his previous experi¬ 
ence and treat each recurrence of the 
same situation as an entirely new and 
foreign problem. Left to his own devices, 
he would soon revert to standardized de¬ 
cisions and actions, concentrating his 
attention only on the variables and dif¬ 
ferences. This is one reason why pro¬ 
cedures come into existence even in the 
face of supervisory indifference. 

A more business-like reason for pro¬ 
cedures is that it is cheaper to handle 
repetitive activities by routine standard 
practice. Work can be delegated to peo¬ 
ple of less general training and more 
specialized skill. The individual cases can 
be processed much more rapidly at a 
lower unit cost. But perhaps more im¬ 
portant is the economy of supervisory 
and executive time. Newman points this 
out as follows: “If an administrator had 
to develop a complete set of plans each 
time he wished to initiate action or there 
was a change in operating conditions, he 
would be faced with an impossible task. 
. . . Instead, for every enterprise there 
will be found a wide variety of standing 
plans which are followed every time 
a given situation is encountered. . . , 
Such standing plans greatly simplify the 
task of the administrator. They estab¬ 
lish a pattern of action that the planner 
assumes as 'normal,' and he can then 
concentrate his attention on the change 
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he wishes to make in ^is customary pat> 
tern for abhormal circumstances.” * 

Procedures are also necessary to in¬ 
sure consistency among decisions and 
actions of the same type made at differ¬ 
ent times. This is particularly important 
in matters affecting the external rela¬ 
tionships of the company wth cus¬ 
tomers, government agencies, financial 
institutions, and investors. Consistency 
of decision and action is also important 
for internal control, continuity of infor¬ 
mation, and coordination. 

Information for making decisions and 
plans and guiding actions must be reli¬ 
able. This means that it must be accu¬ 
rate enough for the purpose, consistent 
with prior and related information, and 
properly identified as to source and 
meaning. Standard procedures are nec¬ 
essary for collecting, recording, trans¬ 
mitting, and storing this information. If 
they are well designed, the information 
will be reliable. 

By providing plans of action for all 
anticipated eventualities, procedures 
fore.«tall confusion, random action, and 
counteracting effort, and therefore helji 
to exjieditc each individual case through 
the neces.sary administrative processes. 
Thus, speed is another benefit, pro^-ided 
the path to the objective is not littered 
with unuecessar>' procedure or over¬ 
grown with poor work methods. 

Perhaps the most important contribu¬ 
tion of procedures tow'ard effective ad¬ 
ministration is in providing adequate as¬ 
surance that the things w’hich need to 
be done will be done at the proper time 
in the proper way. Many procedures 
are devised for this reason alone. The 
problem of improving this assurance is 
treated in Art. 8. 

Procedures have disadvantages as well 
as advantages. Standardization of deci¬ 
sions and actions tencis to. reduce the 
apparent necessity for thinking. There is 
always the danger that a procedure will 
be applied to a situation for which it 
is not appropriate, or tiiat it will be 
modified in some detail and produce 
chaos or serious loss to the company 

* Newman, Administrative Action, p. 40. 
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through some disregarded ramification. 
Standard procedures can also yield 
costly results when a supervisor or exec¬ 
utive fails to realize ail the procedural 
consequences of a simple request or 
order. In other w'ords, to be effective, 
procedures need to be well understood 
by the people who are following them, 
and also by their superiors. 

One inherent disadvantagje of proce¬ 
dures is that they cost money to develop, 
in.stall, and maintain; this cost must be 
recoverable through repeated usage. It 
is also important to note that they can 
easily cost more to operate than the 
benefits they produce if they are poorly 
designed. They tend to be self-generat¬ 
ing and self-perpetuating, and a great 
deal of money can be spent in following 
procedures which are useless, misleading, 
or so far behind in,operation as to be 
completely irrelevant. 

1.2.3 Distinction between procedure 
and method.* A procedure is a plan for 
an administrative process. It establishes 
the sequence, timing, and coordination 
of ojierations, and specifies where each 
shall be done and by whom. The term 
method is used to refer to how the w'ork 
is accomplished. Procedure, then, means 
"method” only in the broad sense of 
process design, and method means the 
detailed work method employed in any 
one operation. 

1.2.4 Relation between procedure 
and policy. Any organization has a 
structure of policies which define and 
guide the activities of the company. 
These policies encompass all the stand¬ 
ing decisions which establish the nature 
of the company, and its institutional 
jiersonality, attitudes, and behavior. 
They represent the body of internal law 

♦No two authors or procedure analysts 
seem to agree about the exact meaning of 
the words method and procedure, and 
many use these terms interchangeably. 
However, it is helpful to attach different 
meaning to these words in any discussion 
of systems'design. The above definition of 
method IS adapted from Richard F. Neu- 
schel, Streamlining Business Procedures 
(New York: McGraw-Hill Book Company, 
Inc., 1960), pp. 9-10. 
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governing the conduct of the people 
within the company. They establish the 
rules for individual action, and the basic 
patterns for decision. 

Procedures are operational plans for 
repetitive functions. As such, they must 
be consistent with all pertinent policy. 
They also must be supplemented by 
policies for guiding decisions and shap¬ 
ing plans. And they must rely on policies 
for authority and enforcement. 

Policies establish general direction for 
action and patterns for decision. Pro¬ 
cedures fix the specific courses to be 
followed. Policies form a platform of 
decisions on which procedures are built. 
In fact, satisfactory and durable pro¬ 
cedures cannot be established without 
first closing any gaps in policy which 
may exist. 

1.2.5 Relation between procedures 
and organization. Procedures and or¬ 
ganization are two intimately associated 
forms of managerial planning. Two fac¬ 
tors are inherent in both: the assign¬ 
ment of responsibilities, and the problem 
of coordination. In general, organization 
plans are broader and more basic than 
procedural plans. Conversely, procedural 
plans are, or should be, subsidiary to 
organizational plana. 

From one point of view, the develop¬ 
ment of procedures for routine activity 
is merely an extension of organization 
planning into the details of who should 
do what, and the questions of timing, 
sequence, and method. As a practical 
matter, organization planning does not 
go into details except in the matter of 
w’ho shall report to whom. With respect 
to the assignment of responsibilities, 
there is no clear line where organiza¬ 
tional planning leaves off and procedural 
planning takes up. Organization plans, 
in the form of organization charts and 
responsibility descriptions, ordinarily 
define the general areas of responsibility 
delegated to groups and individuals. 
Procedures establish specific duties 
(functional responsibilities) for individ¬ 
uals. Clearly, they need to be consistent 
with organization plans. 

Procedures play a more prominent 
role in the coordination of activities be¬ 
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tween individuals and departments. 
They establish formal lines of. communi¬ 
cation and cooperative effort, which are 
the connecting linkages between organi¬ 
zational units. Whereas the organiza¬ 
tion plan groups and aligns functions 
vertically, procedures operate horizon¬ 
tally across the lines of organization 
as well as up and down along the lines of 
organization. 

Any organization plan arbitrarily di¬ 
vides the employees into groups with 
special interests, loyalties, responsibili¬ 
ties, and authorities. But these individ¬ 
ual organization units cannot operate 
independently; each must contribute its 
special part to accomplishing company 
tasks. For example, the receipt of a 
customer's order for a stock item must 
touch off a chain of actions running 
through several departments to effect 
the release, packing, shipping, and bill¬ 
ing of the item. Subsequent actions must 
include recording the transaction, ob¬ 
taining and handling the customer’s pay¬ 
ment, and initiating replacement of the 
item in stock. Procedures are the means 
of integrating the efforts of different or¬ 
ganizational units in carrying out such 
routine functions. They are the mecha¬ 
nism for interdepartmental coordination. 

1.2.6 Procedures have structure. Pro¬ 
cedures form complex networks of inter¬ 
related plans of action. Few procedures 
are truly independent. The major ones 
are always interwoven into a web which 
spreads across departmental lines and 
physical boundaries. For example, a 
procedure for receiving purchased mate¬ 
rials is merely a segment of the materi¬ 
als requisitioning-procuring-receiving- 
stonng-issuing cycle. This cycle of ac¬ 
tions is, of course, supported and made 
jiossible by prior sequences in the techni¬ 
cal, planning, and control departments. 
In turn, this cycle activates or inter¬ 
locks with other procedures branching 
through accounting, production, and so 
on, and those which feed back informa¬ 
tion to the technical, planning, and con¬ 
trol departments. 

The structure of procedures is, by 
analogy, like the nation’s network of 
railroads. There are main lines and lesser 
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lines, joint lines and separate lines, junc¬ 
tions and sidings, depots and switching 
yards. The traffic flows between systems 
and between areas; activity at any one 
point may ultimately run through 
countless other points. 

Procedures differ in functional im¬ 
portance. The more essential ones neces¬ 
sitate and control the many minor ones. 
At the same time, some apparently 
minor procedures are multi-purpose— 
they serve more than one main-line pro¬ 
cedure. It is often difficult to predict all 
the ramifications of a change in a pro¬ 
cedure, or to recognize possibilities for 
simplification by combining or integrat¬ 
ing related procedures. This requires a 
company-wide point of view, and knowl¬ 
edge of the activities and requirements 
of all departments. 


1.3 SYSTEMS 

A system is an assemblage of peo¬ 
ple, devices, and plans for per¬ 
forming an administrative function. All 
these components are necessary—the 
■people to make decisions and take ac¬ 
tion, the devices for them to work with, 
and the plam to guide them and coordi¬ 
nate their efforts.* 

No administrative system can operate 
without human intelligence and human 
hands. The number of people involved 
may be one or many. Individually, they 
may be engaged full-time or part-time. 
They may be responsible for certain 
tasks continuously or intermittently— 
for all cases, or only in certain circum¬ 
stances. One ever-present problem in 
systems design is that frequently the 
"person” responsible for a necessary ac¬ 
tion is not a specific individual, but one 
or all of a group of people. In these situ¬ 
ations, the system must accommodate 

* Some authors define a system as 
merely a set of related procedures, the 
distinction between a procedure and a 
system being only a matter of degree of 
complexity. It is considerably more help¬ 
ful to view a system as a fully equipped 
and staffed administrative mechanism. 
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many individuals acting in the same ca¬ 
pacity at different times or places. 

The core of any system is a network 
of standard procedures reinforced with 
standard methods. This procedural 
structure must be built on a foundation 
of policies and shaped to fit the organi¬ 
zation pattern. It is the framework of 
the system. It fixes the functions and 
purposes, and it provides the necessary 
direction and coordination for effective 
operation. 

The devices and forms employed in 
the system may be a major determinant 
of its cost and effectiveness. This is par¬ 
ticularly true where a large number of 
items of information must be handled, 
or where speed and accuracy are impor¬ 
tant. In such cases, the choice of equip¬ 
ment may control many decisions con¬ 
cerning the forms, methods, and proce¬ 
dures, and may effectively establish the 
general plan of the system. In other 
cases, the devices and forms may have 
a heavy influence on the functional 
soundness of the system. Examples of 
this are common in planning and con¬ 
trol activities. 

Dynamically, a system may be viewed 
in terms of information flowing, and be¬ 
ing recorded, processed, summarized, 
used, stored, and discarded. Information 
is the life blood of an administrative sys¬ 
tem. It is necessary for making decisions 
and plans, for initiating and directing 
action, and for comparing results against 
plans. Information may also be an objec¬ 
tive in itself—for example, the informa¬ 
tion necessary for external reports re¬ 
quired by law. 

A system may be analyzed or de¬ 
scribed in various ways: 

In terms of its scope and purposes. 

In terms of the responsibilities of the 
departments involved. 

In terms of what the people do— 
procedures and methods. 

In terms of the forms and their use. 

In terms of the information with 
which it operates. 

In terms of the equipment it em¬ 
ploys. 

Ordinarily, some combination of these 
factors must be described to give an 
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lidequate picture of the system as a 
whole. The most practical combination 
for most uses is a statement of scope 
and purposes, a summary of depart¬ 
mental responsibilities, and a description 
of the procedures and methods. 

1.4 EXAMPLES OF SIMPLE SYSTEMS 

The following examples of factory 

systems were chosen because they 
are relatively simple in scope and pur¬ 
pose, and relatively independent of other 
systems. Although they are not typical 
in complexity or importance, they serve 
well to illustrate many useful ideas 
about systems and procedures. 

1.4.1 Example I—a tool supply sys¬ 
tem. This system was designed for a 
small company of about 250 people. It 
was aimed at correcting many problems 
associated with the cutting tools used 
on 33 production lathes of various types. 
These machines were operated by 50 to 
55 men, day and swing shifts combined. 
Prior to the installation of this system, 
each man maintained his own supply of 
tool bits at the machine to which he was 
ordinarily assigned. He had the option 
of sharpening his own, tools or taking 
them to the tool grinder to have them 
sharpened to his specifications. New tool 
shanks and tips, and ready-made pur¬ 
chased tools, were available at the tool 
crib on verbal request. The day shift 
tool grinder made periodic trips through 
the shop (and to the scrap bins) collect¬ 
ing worn, broken, and obsolete tools for 
salvage. The major changes necessitated 
by the new system included placing the 
inventory of lathe tool bits under tool 
crib control, and transferring the 
responsibility for tool bit design and 
sharpening from the machine operators 
to the tool grinder in the maintenance 
department. 

The following description was con¬ 
densed from the original report present¬ 
ing the proposed new system for review 
and approval. 

I. Functions and Scope: 

A. Providing cutting tools for the 

production lathes. 
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B. Sharpening and replacing dull 
and broken tools. 

II. Purposes: 

A. To reduce production costs: 
setup time, tool change frequency and 
time, wait-for-tool time, operation time 
(feed and speed), and amount of scrap 
and rework. 

B. To minimize and control the 
costs of tool grinding, tool materials, 
and tool inventories. 

III. General Plan: 

A. Classify all tool bits: 

1. Standard tools—those to be 
sharpened in the tool room (in¬ 
cluding all carbide-tipped and form 
tools). 

2. Stock tools—those to be 
sharpened by machine operators 
(mainly carbon-steel tools of simple 
design). 

B. Establish specifications and iden¬ 
tification numbers for all standard tool 
bits. 

C. Standard tools; 

1. Place under tool crib con¬ 
trol. 

2. Sharpen in tool room. 

3. Provide for foreman’s au¬ 
thorization of temporary and ex¬ 
perimental tools. 

D. Stock tools: 

1. Place under inventory con¬ 
trol in tool crib. 

2. Provide for issuing and 
replacing. 

IV. Equipment: 

Tool bit rack and "At Grinder” 
checks (see Fig. 6.1). 

V. Forms: 

Tool tag (see Fig. 6.1), tool req¬ 
uisition slip, standard tool record sheet. 

» 

VI. Procedures: 

A. Machine operator; 

1. To obtain a standard tool, 
write tool tag and exchange for tool 
at tool crib. 

2. When tool dull or broken, 
exchange for sharp tool (no tag 
required). 

3. When job completed, re¬ 
turn tool to crib. Receive and de¬ 
stroy tool tag. 

B. Tool crib attendant: 

1. Issue sharp tool on receipt 
of tool tag. Hang tag on tool raxik. 
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FIG. 6.1 SECTION OF TOOL STORAGE RACK USED IN 
THE TOOL SUPPLY SYSTEM DESCRIBED IN 
EXAMPLE I. LABEL INSERTED IN HOLDER 
ON FACE OF SHELF CARRIES IDENTIFICA¬ 
TION NUMBER AND STOCK QUANTITY OF 
TOOL, (there ARB FOUR COPIES OP TOOL 
NUMBER 67-1 A: TWO IN THE RACK, ONE 
AT MACHINE NUMBER 39, AND ONE AT 
THE TOOL ROOM BEING RE-SHARPENED.) 


2. Issue sharp tool in exchange 
for dull or broken tool. Hang “At 
Grinder” check on tool rack and 
place dull tool in tote pan. 

Note: If all copies are out 
when a tool is requested, notify 
shift foreman immediately. 

3. When tool turned in from 
shop, place in tote pan. Replace 
tool tag with “At Grinder” check 
and return tag to operator. 

4. When sharp (or replace¬ 
ment) tool returned by tool grinder, 
put tool in rack and remove check. 

Note: All copies of each tool 
must be accounted for at all times. 
The number in the rack plus the 
number of checks and tags on the 
hooks should always equal the stock 
quantity for that tool as ihown on 
the bin label. Notify s'.iift foreman 
of any discrepancy. 

C. Tool grinder: 

1. Pick up dull tools at tool 
crib daily. Sharpen (or replace) 
per specification sheet, and return 
to cri)> within 24 hours. 


2. Requisition tool steel from 
crib as necessary. Salvage and re¬ 
use shanks of worn-out and broken 
tools whenever practical. 

3. Make special tools, and ad¬ 
ditional copies of standard tools, per 
tool requisition slips signed by ma¬ 
chine shop shift foreman. 

4. Assign tool numbers. De¬ 
velop and record specifications for 
standard tools. 

5. Maintain record of usage 
and replacement. Eliminate obso¬ 
lete tools with approval of machine 
shop foreman. 

Additional procedures which are part 
of this system, but are not described 
here, provide for (1) establisliing the 
specifications, identification number, and 
stock quantity for each standard tool. 
(2) Increasing the stock quantity of a 
standard tool. (3) Authorizing and con¬ 
trolling experimental and temporary 
tools. (4) Issuing and controlling stock 
tools. (5) Issuing and re-ordering tool 
materials. 
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FIG. 6.2 DIAGRAM OP AN INCOMING PARTS INS^^KC- 
TION SYSTEM. 
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Quite properly, tUs system requires 
very little paperworic of the skilled 
workers and foremen. The only writing 
required for a complete use-sharpen- 
store cycle of a tool, is in making out the 
tool tag (three items of information) 
and noting the date and a tally mark on 
the tool record sheet. A tool requisition 
slip is required only if a new tool, or an 
additional copy of an existing tool, is to 
be made. Of course, additional paper¬ 
work is required in the adjacent systems 
concerned with purchasing tool materi¬ 
als, accounting for tool costs, and plan¬ 
ning and specifying operation methods. 

One unique aspect of this system is 
that it affects directly people in only 
two departments—the machine shop 
(lathe production centers and tool crib) 
and the maintenance department (tool 
room). For this reason, it is relatively 
independent and easy to isolate for the 
purposes of analysis and description. 

1.4.2 Example II—an incoming parts 
inspection system. The system dia¬ 
grammed in Fig. 6.2 is adapted from a 
medium-sized company producing many 
varieties of a technically difficult prod¬ 
uct. The dimensions, finish, and physi¬ 
cal and chemical characteristics of the 
component parts have an important ef¬ 
fect on the quality of the end product. 
Consequently, all parts and subassem¬ 
blies received from subcontractors are 
subjected to a rather thorough physical 
inspection before being placed in stock. 

Considerable time is required to in¬ 
spect adequately an incoming lot, mak¬ 
ing it necessary to pay vendors’ invoices 
on the basis of parts received rather 
than parts accepted. If any unsatisfac¬ 
tory parts are returned, they are 
charged back to the vendor by means 
of a debit memo originated in the inspec¬ 
tion department. 

For each part, the quality character¬ 
istics to be inspected, the methods of 
inspection, and the amount of inspection 
are pre-planned. This information is 
recorded on a duplicator master from 
which triplicate sets of the inspection 
report form are run off as needed. 

The copy of the receiving report 
which arrives with each lot is used in 
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inspection to identify the lot and to 
serve as a job routing and record sheet. 

Operationally, this system may be 
broken down into four procedures, the 
purposes of which are as follows: 

1. Inspecting each lot and determin¬ 
ing the disposition of rejected parts. 

2. Transferring accepted parts to 
stock, and distributing and using the 
inspection report. 

3. Notifying the vendor and produc¬ 
tion control of nonconforming parts 
accepted. 

4. Returning unsatisfactory parts and 
back-charging the vendor. 

The first two of these procedures ap¬ 
ply to each lot, with variations depend¬ 
ing on the inspection results and the 
possibility of splitting the lot into two or 
more parts. The last two of these pro¬ 
cedures apply for only that fraction of 
the lots in which a significant number 
of defective parts are found. 

People in four different divisions of 
the organization (seven different depart¬ 
ments) are directly involved in the rou¬ 
tine of this system. For any one lot, the 
number of different people required to 
take action or make decisions is not less 
than eight (if all parts are accepted) and 
may exceed 20 (if both nonconforming 
and unacceptable parts are found). Ob¬ 
viously, there are problems of coordina¬ 
tion even in administrative functions as 
simple as this. 


1.5 REQUIREMENTS FOR A SYSTEM 

In order to judge how satisfac¬ 
torily an existing or proposed sys¬ 
tem IS, a set of requirements is useful 
as a starting basis of inquiry. The follow¬ 
ing is not a complete list of criteria; it 
is merely a selected group of ideas cov¬ 
ering the major factors which influence 
the success of a system. Furthermore, 
the ideas presented below are neither 
mutually exclusive nor independent of 
each other. But they are useful in diag¬ 
nosing the deficiencies of a system. 

1.5.1 Seven specific requirements. 1. 

A system must fulfill its purposes ef- 
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fectively. To detennine how well it does 
this, its purposes must be clearly defined 
and stated in terms of actual benefits 
expected. It is then possible to compare 
results with plans by asking and answer¬ 
ing specific questions. Does the system 
adequately control that certain activity ? 
Does it actually reduce this cost ? Is tWs 
information sufficiently accurate and 
current ? How frequently does that extra 
expense result from a failure in the 
system? Unfortunately, such questions 
are seldom asked until a deficiency be¬ 
comes obvious as a result of trouble. 

2. Another requirement is speed. De¬ 
lay in administrative jjrocesses can be 
very expensive, and in some cases may 
even threaten the success of the business. 
Excessive time lag can nullify the value 
of a control report or notice of change, 
or may result in lo^ of a customer or an 
opportunity. Also, slow, cumbersome 
systems tend to discourage people, sap 
initiative, and lower morale. What is 
needed is fast handling on the average 
and reasonable speed in the worst cases. 

3. A system should minimize the con¬ 
fusion, and the consequent loss of time 
and effort, that results when repetitive 
administrative activities are not ade¬ 
quately planned. It must provide ac¬ 
ceptable answers to such questions as: 
“What do I do with this?” “What in¬ 
formation do they need?” “Who has to 
approve these?” “How do we handle one 
like that?” A complete set of standing 
plans is needed. Within the functional 
scope of the system, all possible ques¬ 
tions of procedure and policy should be 
covered in one of two ways: by setting 
up the answer in advance, or by refer¬ 
ring it to a proper level of authority 
when the problem comes up. 

4. Another factor of importance is the 
cost of the system. An appropriate cri¬ 
terion is that it should cost less in the 
long run than any other way of accom¬ 
plishing the same results. This implies 
that someone must devise and propose 
one or more alternative systems to com¬ 
pare it against. An existing system 
should be subjected to such a challenge 
periodically. Also, of course, any pro¬ 
pped system should be given this same 


examination before it is approved and 
installed. 

5. A system should be adaptable. Its 
mechanics should be built on a sound 
foundation of basic plans and should be 
designed and assembled in such a way 
that the system can be easily adjusted to 
changing conditions. Otherwise, it may 
require frequent overhaul, or become 
excessively expensive to operate or cease 
to fulfill its purposes satisfactorily. 

6. A system must be acceptable to the 
management and the personnel engaged 
in its operation. All concerned must un¬ 
derstand it, and therefore it must be sim¬ 
ple and logical. In addition, the person¬ 
nel must want to make it work, or it 
will ultimately be discarded. This is 
partly a matter of introduction. But it 
is also necessary that responsibilities are 
properly assigned, that work loads are 
reasonable, and that the system shall 
function smoothly. 

7. The plans of the system must con¬ 
form with the company structures of 
policy and organization and with ex¬ 
ternal requirements imposed by custom 
and law. They must not violate superior 
decisions and regulations or conflict with 
the aims and requirements of other 
systems. 

Summarizing the above, a system 
must: 

1. Fulfill its purposes effectively. 

2. Require minimum time to process 
each successive case. 

3. Provide a complete set of plans. 

4. Cost less than possible alternatives. 

5. Be adaptable to changing condi¬ 
tions. 

6. Be acceptable in the long run. 

7. Conform to imposed restrictions. 

1.5.2 Two general requirements. The 

first three of the above requirements 
have to do primarily with the benefits 
expected of the system. If it is effective, 
fast, and complete, chances are that it 
is producing the expected results. As¬ 
sume also, that its cost is reasonable 
in comparison with other conceivable 
schemes for accomplishing these results. 
It IS then proper to ask whether or not 
the value of the benefits produced is 
greater than the cost of the system. 
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A necessary objective in any enter¬ 
prise is a net excess of receipts over 
isbursements sufficient to justify the 
investment of the owners and perpetuate 
the business. Any administrative activ¬ 
ity within the company is worth while 
only if it contributes toward that objec¬ 
tive. Consequently, a system should be 
expected at least to pay its own way. 

Evaluating a system in this respect 
requires the point of view of an economy 
study in which the question is “Why do 
this at all?”* This approach is to ask 
what would be the actual differences in 
future money receipts and disburse¬ 
ments of the company in the long run 
if this system were dropped as compared 
to continuing to operate it. In other 
words, the “benefits” of a system should 
be measured in terms of the expected 
increases in future expen.-«es that would 
result if the present system were elimi- 
nated.t And the “costs” of the system 
should be measured in terms of the ac¬ 
tual decreases in future expenses that 
might be expected in this event. Of 
course, if a system provides a service 
which is essential for the ojieration of 
the company (e.g., a payroll system), 
it is quite clear that the benefits will 
exceed the costs. But it does not follow 
that such a system cannot be improved. 

Ideally, all the costs and benefits of a 
system or procedure should be converted 
to dollars so that they can be combined 
in an appropriate way for ea.sy compari¬ 
son. As a practical matter, it may not 
be worth while or feasible to do this in 

*Sep Section 3. Also Eugene L. jGrant, 
Principles of Engineering Economy, 3rd 
Ed. (New York: The Ronald Piess Com¬ 
pany, 1950), Chapters 1 and 2. 

t Some administrative systems act to 
increase receipts of the company by in¬ 
creasing sales, improving credit collections, 
securing reimbursemeni for purchase re¬ 
turns. and so forth. Such increases in in¬ 
comes have the same effect, in general, as 
reductions in expenditures; both are posi¬ 
tive in the sense of being beneficial to the 
company. For the sake of simplicity, when 
system benefits are referred to in terms of 
decreased disbui-sernents or savings, the 
possibility of benefits of the other type is 
assumed to be understood. 
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any formal or detailed way. Neverthe¬ 
less, it is always helpful to apply the 
above reasoning and point of view. 

If it appears that the system cannot 
pay its own way, one of two actions 
should be taken—replace it, either in 
whole or in part, or eliminate it entirely. 
Replacement implies that a substitute 
scheme can be devised which will pro¬ 
duce benefits at least equivalent to costs. 
This possibility brings out a further and 
even a more basic requirement for any 
system— it should ■produce a greater 
excess of benefits over costs than any 
other available alternative. Eliminating 
the system entirely may be viewed as 
one such alternative, and therefore the 
requirement that a system must pay its 
own w’ay is really subsidiary to this one. 
So also is the requirement that it should 
cost, less than any gther way of accom¬ 
plishing the same results. 


2. SOLVING ADMINISTKATIVU 
PROBLEMS 

In most companies, there is a con¬ 
stant propagation of administra¬ 
tive problems. They arise in many ways. 
For example, a deadline is missed, a pro¬ 
curement mistake occurs, inaccuracy of 
time reporting becomes intolerable. Or 
someone finds out that an item of infor¬ 
mation is not w'hat he thought it was. Or 
a piece of equipment cannot be located, 
or a large inventory discrepancy is dis¬ 
covered. When something like that oc¬ 
curs, corrective action may be initiated 
to save money for the company or to 
provide protection against personal criti¬ 
cism in the future. 

Other problems appear in the form of 
new administrative requirements—^an¬ 
other government regulation, a clarifica¬ 
tion of personnel policy, a switch in or¬ 
ganization or readjustment of depart¬ 
mental responsibilities. Events like these 
often make it necessary to add to or 
modify existing systems. Although such 
changes ordinarily can be anticipated, 
they are often left to the last minute and 
sometimes create minor procedural 
crises. 
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2.1 A POOB APPBOACH TO SYSTBM AND 

FBOCfiDURE PBOBLBMS 

A 'common way of meeting these 

administrative problems is to 
adopt some obvious countermeasure re¬ 
quiring a minimum of time and trouble 
to conceive and put into effect. Such a 
solution is seldom the best, and has a 
good chance of turning out to be unsatis¬ 
factory, Nevertheless, in the face of im¬ 
mediate difficulty, the tendency is to 
avoid adequate inve.«tigation and con¬ 
sultation, and jump directly to action 
along the line of least resistance. The 
following are some of the typical results 
of this approach. 

2.1.1 Start an independent proce¬ 
dure. This practice is well illustrated by 
the following example. A foreman for 
a small machine shop was criticized for 
not starting the assembly of a certain 
unit in time to meet the delivery sched¬ 
ule. Subsequently, he requested a com¬ 
plete set of drawings. Heretofore he had 
received only drawings for parts to be 
made in the shop, and was never sure 
when he had all the necessary purchased 
parts on hand. In effect, what he in¬ 
tended to do was analyze the drawings 
and make a complete bill of materials 
list for himself. Then as jiurchased items 
were received, and shop-made parts 
completed, he would check them off on 
his list. As soon as the list was com¬ 
pletely checked out, he would commence 
assembly. 

Unfortunately, there were several 
things wrong with this scheme. In the 
first place, there was no provision for 
maintaining his set of prints up to date 
with the latest revisions. Secondly, many 
of the parts were common to different 
product units. Also, the foreman was 
planning to add a burdensome clerical 
task to an already hectic day, and to 
spend a considerable amount of money 
for additional blue prints and filing 
equipment. What the foreman did not 
know was that up-to-date parts lists were 
available for reference or reproduction 
in engineering. And he did not con¬ 
sider the possibility that the information 
he needed could be derived readily from 


the purchasing records. Obviously, there 
were better ways to solve his problem. 

2.1.2 Extrapolate an existing proce¬ 
dure. Another way to answer an ad¬ 
ministrative problem with little effort is 
to make use of existing procedures and 
forms. For instance, in a certain com¬ 
pany several problems came up in con¬ 
nection wnth closing out equipment fab¬ 
rication jobs and transferring the com¬ 
pleted equipment from maintenance to 
production. A fiction of paperwork was 
subsequently invented to make the pro¬ 
cedures for constructed items completed 
the same as for purchased items re¬ 
ceived. This involved, primarily, writ¬ 
ing and distributing a receiving report. 
Later on, this idea was extended to in¬ 
clude writing a purchase order for each 
equipment construction job. The result¬ 
ing ramifications in purchasing, sales, 
maintenance, shipiiing and receiving, 
and accounting were indeed remarkable. 
At one point, it appeared that in order 
to terminate the paperwork chain, it 
would be necessary for accounts receiva¬ 
ble to bill accounts payable. Then, a 
voucher check would have to be pre¬ 
pared, signed, endorsed, and deposited 
in the bank. This would clear up the 
matter by transferring the tail of the 
confusion to the bookkeeping system of 
the bank. 

In general, extrapolating a procedure 
or using a form for abnormal purposes, 
may create more problems than it solves. 
One source of trouble is that the special 
application of the procedure often re¬ 
quires special treatment of details all 
along the line, even though the general 
pattern may be standard. This leads to 
confusion and supervisory problems. 
Another is that unless all the normal 
procedures apply to the new case, it 
may be difficult to utilize certain ones 
without involving the others. One hkely 
consequence is undue expense. 

2.1.3 Author a new form or report. 
This possibility is apparently very at¬ 
tractive to clerical workers and super¬ 
visors of administrative activities. The 
line of reasoning often goes like this: 
“This thing would not have happened 
if we had known about so-and-so. There- 
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fore they will have to send us a report 
each time. For tlus we will need a form.” 
Thereupon a fojm is penciled out and 
given to a stenographer to polish up and 
duplicate. Such questions as who will 
make it out, how many copies are re¬ 
quired, and how they will be used, may 
get little attention or may be deferred 
until the form is ready for use. It is 
often unclear what items of information 
are required, and why, and from what 
sources they will be obtained. 

An example of this occurred in one 
company when a customer requested a 
monthly report of the number of units 
containing their parts and materials 
which were scrapped, broken down by 
reasons for rejection. Someone in the 
sales department invented a new form 
entitled “Scrap Report.” (There were 
already three forms with this name.) 
The new form was filled out by a clerk 
in the production department, who de¬ 
vised an ingenious method of finding out 
about scrap, recording it, and summariz¬ 
ing it each month for transfer to the 
report. This required perhaps an hour 
a day plus six hours at the end of the 
month. The resulting information re¬ 
ported to the customer (re-typed in a 
different form) was misleading and in¬ 
accurate, and in no way reconcilable 
with existing records of quality results. 

Starting a new form without proper 
planning is merely a way of backing into 
extemporary procedures..Both the form 
and the procedures are likely to be ex¬ 
pensive to use and still may not accom¬ 
plish the desired result. 

2.1.4 increase the number of copies 
of an existing form. This is often done 
to solve a temporary problem or provide 
someone information which they think 
they need for reference or protection. 
One example of this came to light in a 
pathetic letter from one plant of a large 
company engaged in a defense contract. 
Following a full explanation of a need for 
three copies of receiving reports, origi¬ 
nated at that plant, were the following 
comments: “Four months ago we re¬ 
quested that the receiving report be 
increased from six copies to eight copies, 
so that we could send five to the main 
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oflSce and keep three ourselves. Last 
week we received a supply of the new 
eight-part receiving report. But today 
we got a letter from Mr. Blank instruct¬ 
ing us to smd seven copies to the main 
office commencing immediately. This 
puts us right back where we were four 
months ago with only one copy for our¬ 
selves.” It turned out that one copy 
requested for the originating plant was 
to be used for a purpose that would 
duplicate work done at the main office. 
Also, by proper routing and distribution, 
and by eliminating unnecessary uses and 
files, the main office could get along with 
only four copies. A total of six were 
needed, not eight or ten. 

The cost of an extra copy itself is not 
very important ordinarily. But an addi¬ 
tional copy means additional procedure. 
The handling, use, filing, and ultimate 
disposition should be planned and justi¬ 
fied before the extra copy is requested. 

2.1.5 Make a blanket rule. If the 
trouble at hand is not the' result of a 
direct violation of an existing policy or 
procedure, a first impulse may be to 
make a new rule. In some cases this is 
effective, worth while, and necessary. 
However, many rules which are handed 
dowm at a time of administrative trou¬ 
ble turn out to be unenforceable, unreal¬ 
istic, or unduly restrictive. For example, 
unknown to the purchasing agent, an 
engineer investigated the capabilities 
and costs of parts made by a new proc¬ 
ess. Because of a misunderstanding, he 
accepted delivery of a small “sample 
order” for which a fifty-dollar invoice 
was later received. Subsequently, a 
memorandum was sent to all department 
heads stating that hereafter “no con¬ 
tacts shall be made with vendors except 
through the Purchasing Department.” 
It soon became necessary, of course, to 
make numerous exceptions and amend¬ 
ments to this rule in order not to dis¬ 
courage the flow of technical informa¬ 
tion into the company, and to facilitate 
various classes of purchases. The instiga¬ 
tion of such a broad and restrictive rule 
as this ip clearly not warranted by an 
occasional fifty-dollar mistake. 

Some rules that come about in this 
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way can be very wasteful. If enforced 
literally, the rule cited above would re¬ 
quire an unnecessary amount of time 
and effort of people needing information 
and performing liaison fimctions with 
vendors, as well as for people in the 
purchasing department. Or a rule can 
result in a considerable waste of materi¬ 
als. Suppose, for example, in an effort to 
reduce breakage, a rule is made that 
broken tools will be replaced with new 
ones only on the authority of a stores req¬ 
uisition signed by a foreman. This would 
undoubtedly reduce the number of 
broken tools turned in at the tool crib, 
but it is unlikely to affect the number of 
new tools issued. 

Closely allied to the new rule idea is 
the “get tough” line of attack. Policies 
and procedures need to be enforced. But 
lack of conformanc^ is often a result of 
weakness in the procedure, rather than 
indifference or carelessness of employees, 
or lack of supervision. Many apparent 
violations are the result of well-intended 
efforts to follow incomplete or unclear 
procedures. In other cases, what is con¬ 
sidered to be an acceptable level of con¬ 
formance may not be realistic. This is 
often the case where the performance 
of a procedure depends too heavily on 
someone's memory, or where a clerical 
function is delegated to somebody lack¬ 
ing the necessary skills and interest. 

In making new rules, and restating old 
ones, adequate thought should be given 
to all the consequences and to whether 
or not its requirements are realistic. 
Poor rules can be expensive, not only 
in dollars and cents, but also in their 
effect on the attitudes of the employees 
toward their jobs and their company. 

2.1.6 Acquire a new machine or de¬ 
vice. Sometimes a problem of accuracy, 
speed, or control results in a hunch de¬ 
cision to buy a machine or piece of 
equipment, or even a whole “system” of 
mechanical devices, without a clear pic¬ 
ture of how it will produce the desired 
results or what it will cost to operate. 
Machines and devices are only tools for 
a system. They must have information 
brought to them, put into them, and 
taken from them. They impose special 


requirements and extra costs that tend 
to offset labor savings and other benefits. 
While modem office equipment can be 
extremely worth while, each item should 
be required to pay for itself and provide 
a satisfactory rate of return on the in¬ 
vestment. In general, it is not a good 
idea to buy a systems tool and then fig¬ 
ure out what it will do and how to use it. 
What may appear to be a cure-all for 
existing problems may turn out to be 
an expensive experiment if such a deci¬ 
sion is made without critical examina¬ 
tion. 

2.1.7 Hire more people. Continuing 
administrative problems are often met 
by adding people to the work force. For 
instance, if jobs are frequently falling 
behind schedule in the shop, one answer 
is to add follow-up men or stock-chasers. 
Or, if time and production reports are 
not acceptably accurate, to add time 
checkers. Each such person represents 
continuing future expense. It may be 
easy to justify each of these extra peo¬ 
ple, in turn, as compared to doing noth¬ 
ing about the problem. But often there 
are other alternatives which should be 
considered. Chronic troubles, such as 
failures to meet schedules, tie-ups in 
coordination, or inaccuracies in records, 
indicate basic deficiencies in the admin¬ 
istrative mechanisms. Many of these 
persistent difficulties could be eliminated 
at the source or systematically con¬ 
trolled at considerably less expense. 

2.1.8 Borrow a system from some 
other company. Outright adoption of a 
system because it was successful some¬ 
where else rarely turns out to be satis¬ 
factory. In the first place, the situations, 
the people, and the problems of two 
companies, even in the same industry, 
are seldom more than superficially alike. 
But perhaps even more important is the 
fact that a system requires more than 
forms, equipment, and procedures to 
operate successfully. It needs roots of 
policy, a suitable organizational environ¬ 
ment, and a large mass of experience and 
detailed knowledge which cannot be 
transplanted. Also, it must dovetail into 
other systems on which it depends 
and which depend on it. What often 
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happens when this is attempted is a pro¬ 
longed struggle to St the situation to the 
requirements of the borrowed system, 
and vice versa, until one of two things 
results. Either the system is thrown out, 
or it-is made to work at considerable 
expense. Even so, it is not likely to pro¬ 
duce maximum benefits. 


2.2 ADMINISTRATIVE PROBLEMS ARE 

SELDOM LOCALIZED 

Frequently it pays to look behind 

the immediate difficulty. Many 
problems which sprout up in one depart¬ 
ment are merely evidence of larger prob¬ 
lems whose roots are elsewhere. Treat¬ 
ment to cure the symptom may only 
disguise the disease, and it will continue 
undiagnosed to pop up at other points 
and require additional treatment. 

For example, the cost accounting de¬ 
partment of a manufacturing plant was 
having difficulty processing multiple- 
item stores requisitions because some of 
theiA were coming through from produc¬ 
tion control with one or more of the 
items unpriced. Because it was undesir¬ 
able to delay the posting of the priced 
items, accounting proposed that a sep¬ 
arate requisition slip be made out for 
each item issued. But this would elimi¬ 
nate the possibility of using pre-printed 
copies of assembly orders as stores requi¬ 
sitions, and would require a considerable 
amount 6f extra writing for all multiple- 
item issues. A compromise was reached 
whereby production control would mark 
off any item appearing on a multiple 
requisition for which no price was avail¬ 
able and make out a separate slip for it. 
Thus the amended multiple requisition 
could be processed m accounting and 
the slip for the deleted item could be 
held until the price was available. Al¬ 
though this solved the immediate prob¬ 
lem, it did nothing to eliminate the rea¬ 
sons why prices were not available for 
many purchased and manufactured 
parts until some time after they were 
issued from stock. Investigating this 
question pointed the way to correcting 
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this and several other deficiencies of 
greater importance. 

The point of view of an individual re¬ 
sponsible for one activity or department 
has certain inherent limitations with re¬ 
spect to systems problems. Necessarily, 
his primary concern when trouble oc¬ 
curs is how it affects the functioning 
of his group. He is not expected to try 
to solve other pieople’s problems, and 
may meet with considerable resistance 
or criticism if he does. Also, a person in 
one department is often not sufficiently 
aware of the activities and objectives ol 
other groups to properly appreciate all 
the interdepartmental aspects. Conse¬ 
quently, many little problems, and some 
important ones, are disposed of in a 
manner which is not always best for 
the over-all interests of the company. 
This was illustrated in several of the 
cases cited in Art. 2.1. 

Another limitation of the depart¬ 
mental viewpoint is the tendency to view 
with some distrust the records and re¬ 
ports of other groups, and to set up 
independent checking, recording, and 
filing activities for self-protection. For 
example, in the process of transferring 
material by messenger from Dept. A to 
Dept. B, it was being counted three 
times. Each party retained a signed and 
countersigned copy of the transfer slip, 
and accounting received a fourth copy 
carrying all three signatures. Three of 
the four copies were filed in essentially 
the same way in different departments. 
This is a simple case. Sometimes defen¬ 
sive record-keeping involves such ab¬ 
surdities as complete little timekeeping 
systems, sets of-private logs and regis¬ 
ters, and schemes for following up on 
the results of someone else’s follow-up 
system. Not uncommonly, such things 
are started as a result of a single in¬ 
stance of error or failure in another 
department. A further consequence of 
departmentalization is the reluctance of 
a supervisor to add work in his depart¬ 
ment m order to save work in some 
other department. This is particularly 
noticeable where there is an effective 
syston for controlling overhead expenses 
by departments. 



FACTORY SYSTEMS AND PROCEDURES 


409 


2J] 

Clearly, all decisions between alterna¬ 
tives of system and procedure should be 
made on the basis of what is best for 
the company as a whole. 


2.3 IN SOLVING ADMINISTRATIVE 
PROBLEMS, AVOID UNNECES¬ 
SARY HASTE 

There is always a certain amount 
of urgency connected with systems 
problems. Sometimes a reasonable an- 
sw'er right away ’s more desirable than 
a better answ’er at some future time, 
particularly if there is a strong chance 
that continuing in the present way might 
have serious consequences. But even in 
the most pressing cases, a few hours or 
perhaps a few days of investigation and 
diagnosis can be very well spent. Usu¬ 
ally, the problem has existed for some 
time without being recognized. Sudden 
discovery should not dictate sudden ac¬ 
tion. 

It is frequently enlightening to pursue 
the question of just what happened to 
bring this problem to the focus of at¬ 
tention right now. This is partly a 
matter of examining the evidence that 
a problem of consequence exists at all. 
It may have been a very rare event 
for which the existing defenses are 
reasonably adequate from a long-run 
point of view. Or the real cause of the 
trouble may be found to be quite 
different from what was originally as¬ 
sumed. Or the state of concern present 
at a managerial level may be traceable 
through a senes of mi.Minderstandings, 
amplifications, and poor assumptions, to 
the w'ell-intended complaint of a ])er^on 
not in a position to see the whole 
picture. Poorly conceived plans of cor¬ 
rective action may sometimes be headed 
off by a little investigation of this sort. 

As a practical matter, many of the 
“sudden” problems for w'hich precipitous 
action is proposed, are seldom as urgent 
as they may seem. They usually have 
a way of becoming less important and 
considerably less pressing if action is 
deferred. Sometimes they disappear in 
the course of solving a more basic prob¬ 


lem. Or difficulties in several depart¬ 
ments may turn out to be interrelated 
and can be extenninated as a group. 

Also, if final judgment on an admin¬ 
istrative matter is postponed, it may be 
seen in a better light when taken up 
again. A ca.se of this kind came up dur¬ 
ing the preliminary stages of in.stalling 
a deiiartmental cost control system. 
Several department heail.® a.-ked that a 
form be devised to request one depart¬ 
ment to do work for auoihei .md to 
authorize charging of the neces.s^iry time 
and materials to the overhead account 
of the reque.sting department. The argu¬ 
ments for this wore (1) if a department 
head is to be re.^-ponsible for co.sts, he 
should have control over everything 
charged to hi.s account, and (2) the 
de])artment providing the service .should 
have a written work order to avoid 
misunderstandings and to prove that 
the ex[ien(iitures were authorized. The 
form was dc.-^igncd and the procedure 
was planned and routed for comment. 
Because of other pressing matters no 
further action was taken for several 
weeks. Then, upon reviewing the mat¬ 
ter, the chief accountant became aw'are 
that there would be little or no benefit 
to the company as a whole m return for 
the writing, signing, handling, using, 
and filing of this proposed form. The 
monthly tabulating-machinc svimmary 
of departmental costs gave detailed list¬ 
ings of all such interdeiiartmental 
charges. Hence, each department head 
was afforded adequate oiiportunity for 
after-the-fact control m lieu of prior 
approval. Where necessarv, written work 
msTructions could be transmitted by 
memorandum. And the jirotective value 
of an authorizing .signature seemed to 
ha\'e little real merit. The procedure 
was tabled indefinitely. 


2.4 AN ANALYTICAL APPROACH 

As was pointed out in Arts. 2.1, 
2 2, and 2 3, busy people tend to 
jump to conclu.sions about the solution 
to probicm.s of system and procedure. 
One common practice is to seek an 
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answer directly in tenns of forms, equip¬ 
ment, people, or policies, without benefit 
of conclusive analysis. This almost in¬ 
evitably results in failure to recognize 
one or more superior alternatives. And 
it precludes the careful planning neces¬ 
sary to avoid serious defects in the plan 
adopted. 

A better approach would be to follow 
the simple plan of attack outlined below. 

1. Investigate and diagnose the nature 
of the trouble and its causes (or the new 
requirements that must be met). Trace 
back to original sources. 

2. Describe the ‘problem in terms of 
the real benefits sought. 

3. Turn up cdtemative solutions —as 
many as practicable, including the possi¬ 
bility of no change at all. 

4. Plan each alternative at least to the 
extent necessary to evaluate its probable 
consequences (costs) and its expected 
results (benefits). 

5. Compare the various alternatives 
from the viewpoint of the company as 
a whole, and select the one which would 
appear to offer the greatest net differ¬ 
ence between benefits and costs. 

For very simple problems of policy, 
procedure, or forms design, this whole 
line of reasoning can be compressed into 
a few minutes of conversation and doo¬ 
dling. For complex system problems in 
which considerable sums of money are 
involved, several man-w’eeks or months 
may be necessary and worth while. But 
regardless of the size of the problem or 
how urgently a solution is needed, this 
type of analysis is necessary to make 
reasonably sure that some excellent pos¬ 
sibility is not overlooked, and that the 
proposed plan of action is feasible and 
will clearly pay. 


3. SYSTEM IMPROVEMENT 
STUDIES 

The administrative systems of in¬ 
dustrial organizations are a fertile 
field for improvement. Waste is typical. 
In most systems it is to be found in 
two forms—excessive expenditure, and 
failure of the system to achieve a reason- 
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able fraction of the benefits potentially 
available within its area of influence. 
The first is a matter of unnecessary pro¬ 
cedure and poor methods. Thb second is 
a matter of ineffectiveness and inade¬ 
quacy. Both are important sources of 
savings. Reducing this waste should be 
the central objective of a continuous and 
coordinated program of system studies. 


3.1 FIVE WAYS TO IMPROVE A SYSTEM 

In any given area of system 
and procedure, improvement is 
achieved only by making changes, addi¬ 
tions, and deletions in such a way as to 
increase the net difference between the 
benefits produced and the costs incurred. 
There are five fundamental ways in 
which this can be dqne (see Fig. 6.3): 

1. By decreasing the operating costs 
of the system. 

2. By increasing the real benefits. 

3. By concurrently decreasing operat¬ 
ing costs and increasing benefits. 

4. By eliminating or reducing certain 
benefits if a greater savings in adminis¬ 
trative costs can thus be gained. 

5. By adding or increasing certain ad¬ 
ministrative costs in order to gain a 
greater increase in benefits. 

Of these five possibilities, the first 
three are obvious. The last two are not 
so obvious. They are often overlooked, 
particularly as they might apply to 
systems that have been operating for 
some time without benefit of serious 
review. In seeking to improve a system, 
it is important to keep all these possi¬ 
bilities in mind and to avoid undue 
emphasis on one, such as (1) or (2), 
to the exclusion of the others. 


3.2 OPPORTUNITIES FOB IMPROVEMENT 

Article 2 dealt with the correction 
of functional deficiencies of vari¬ 
ous kinds, but was limited to those which 
turn up more or less by themselves— 
in the form of trouble or new require¬ 
ments. Typically, such problems are 
looked upon as something to be dis- 
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FIG. 6.3 FIVE POSSIBLE WAYS TO IMPROVE A SYSTEM. 


posed of rather than opportunities for 
improvement. An administrative diffi¬ 
culty should be considered as merely 
evidence of the need for a study of the 
system. Rather than seeking to cure the 
immediate trouble at any cost, such a 
study should be undertaken to discover 
and put into effect as many worth-while 
changes as possible. 

Efforts toward functional improve¬ 
ment should not, of course, be restricted 
to areas in which an ob dous problem 
exists. Only a small part of the functional 
deficiencies of a system ever become ap¬ 
parent as the result of trouble. And 
usually these are not as important to the 
company as the many possibilities for 
new benefits, and opportunities for in¬ 
creasing present benefits, which lie 
dormant. Ordinarily, if a system has 
been operating without trouble or com¬ 
plaint it gets very little attention; it is 
assumed to be fulfilling its purposes fully 
and effectively. But this is seldom more 
than partially true. Analysis of existing 
systems inevitably turns up many ways 
to improve and extend their effective¬ 
ness, and thus increase their net benefits. 

With respect to costs, there is room 
for improvement in any system, and 
frequently the possibilities are remark¬ 
able. Unlike functional deficiencies, ex¬ 
cessive and unnecessary costs of admin¬ 
istrative activities seldom cause sudden 
trouble or criticism. In fact, inefficient 
methods and unnecessary work have a 


way of becoming less conspicuous the 
longer they persist. They defy expense 
control schemes by diluting the averages 
against which current costs are com¬ 
pared. And they tend to weather econ¬ 
omy drives and across-the-board cut¬ 
backs of administrative expenses. The 
only effective way to locate and focus 
attention on these opportunities for cost 
improvement is to analyze each system 
periodically and to compare the existing 
methods and procedures against possible 
alternatives. 


3.3 A PATTERN FOB SYSTEM STUDIES 

The following outline represents 

the analytical process which is 
found by professional system analysts to 
be most efficient and most likely to 
produce satisfactory results. It is in¬ 
tended as a guide for action and a check¬ 
list of things to consider. 

If it is reasonably comprehensive, any 
such outline appears formidable. For¬ 
tunately, there are few system studies 
in which it is necessary to carry out all 
the steps in detail. A system analyst or 
supervisor always has a lot of pertinent 
information and ideas to begin with. 
Also, in most cases there are a number 
of points which are either obvious or 
not important. The simpler the system 
the more this is true. 
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3.3.1 An outline for a major system 
study 

1 . Planning 

A. Make a preliminary survey. 

B. Define the scope of the study. 

C. Evaluate the cost of the study. 

2 Analynis 

A Organization and personnel. 

B. Responsibility distribution. 

C. Policies, terminologies, and de¬ 
ficiencies, 

D. Procedures and methods. 

E. Information flow. 

F. Workload—classes, quantities, 
and variability. 

G. Equipment and layout. 

3. Design 

A. Develop ba.sic plans. 

B. Plan the assignment of responsi¬ 
bilities. 

C. Correct deficiencies in policy. 

D. Plan the procedures and flow of 
information. 

E. Define and ju.stify each item of 
information. 

F. Select the system techniques and 
devices. 

G. Design the forms and reports. 

H. Plan the work methods. 

I. Improve the new system. 

4 . Implement alum 

A. Prepare diagrams and/or writ¬ 
ten procedures. 

B. Obtain suggestions and approv¬ 
als. 

C. Plan the installation. 

D. Install the new .system; fol¬ 
low-up. 

In general, it pays to give some 
attention to each point in the above out¬ 
line, and to proceed roughly in the se¬ 
quence indicated. A methodical approach 
like this saves time in the long run and 
has a much greater chance of yielding 
improvements which are both significant 
and durable. 

The arrangement of this suggested 
pattern for system 'tudies in outline 
form carries several implications which 
are misleading. A first impression is that 
each successive point should be taken 
care of before proceeding to the next. 
This is neither practicable nor desirable. 
Effort on the four main phases properly 
should overlap. Likewise, within each 
phase it is usually helpful and more 
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efficient to pursue several of the tasks 
at the same time. 

Another false inference is that the 
individual undertaking or coordinating 
the study should be able to devote his 
full time and attention to it until it is 
completed. Although this may get the 
job done sooner, and may be somewhat 
more efficient, it is certainly not essential 
for the success of the study. Conse¬ 
quently, this plan is no less suitable for 
administrative supervisors than for staff 
analysts or consultants. 

3.3.2 A special case—devising a sys¬ 
tem for a situation where none of its 
functions has ever been performed be¬ 
fore. Strictly speaking, such a project 
only arises in connection with a pro¬ 
posed new plant, program, or company 
for which suitable systems must be de¬ 
veloped prior to tbc start of activities. 
However, a somewhat similar situation 
may occur in an expanding company 
where the development of systems has 
seriously lagged the progressive division 
of labor and departmentation. In other 
words, there may be very little system 
to study and improve. In a case like this, 
the general plan of a system study is 
essentially the same as outlined in Art. 
3.3.1, with appropriate modifications, of 
course. In the analysis phase, for ex¬ 
ample, the emphasis is shifted from de¬ 
tails to general plans, and from obtain¬ 
ing data to estimating them. 

As a rule, designing a system “in a 
vacuum” is considerably more difficult 
than improving an established one. 
There are no activities to study, no past 
records to obtain information from, and 
no present forms to trace and analyze. 
Policies and assignments of responsibil¬ 
ity may be fuzzy. Many of the things 
ordinarily derived by analysis of the 
existing system must be supplied from 
personal experience, imagination, and 
information from outside sources. And, 
of course, there is no opportunity to try 
out ideas in advance. On the other hand, 
there is greater freedom of choice, lack 
of resistance to change, and the problem 
of gaining acceptance and approval is 
likely to be somewhat simpler. 
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3.4 PRELIMINAHY SUHVEY 

A preliminary survey should be 
made for any system study in 
virgin territory, and for any major re¬ 
view not associated with a recent project. 
The purposes of such reconnaissance are 
several; 

1. To establish a clear idea of what 
is to be achieved, what it will cost, and 
how long it wiU take. 

2. To obtain sufficient information 
with which to plan the study. 

3. To obtain useful background in¬ 
formation. 

4. To secure the cooperation and en¬ 
dorsement of all responsible managers, 
department heads, and supervisors. 

The best way to accomplish this first 
phase of the study is to interview briefly 
the managers and department heads di¬ 
rectly concerned. For simple studies this 
is usually combined with the analysis 
phase. 

3.4.1 Determine the objectives of the 
study. Although the general purpose of 
any system study is improvement, there 
are usually some explicit objectives such 
as solving certain problems or simplify¬ 
ing certain tasks.* Frequently, interest 
will be focused on a particular area of 
system by one person for one reason, 
and subsequent investigation will bring 
out a number of additional problems or 
possibilities for cost reduction. These 
suggestions should be collected, clarified, 
evaluated, and condensed into a specific 
set of things to be accomplished. This 
should be agreed upon as the minimum 
goal of the study. 

3.4.2 Determine the framework of 
organization. A working knowledge of 
the organization, and the relationships 
between individuals and groups, should 
be acquired before starting detailed in¬ 
vestigation. What is needed is both the 
structure of supervisory authority (who 

* See Section 5, Art. 3.9.2.2 for a list of 
some of the common types of special ob¬ 
jectives of system studies. Also, Neuschel, 
Streamlining Bueinest Procedures, pp. 105- 
12 . 


reports to whom), and also the structure 
of technical authority (the functional 
assignments of the various groups). If 
an up-to-date organization chart is not 
readily available, it is best to sketch one 
showing names, job titles, and functions. 
It should at least include all groups 
which might be affected by the study, 
and their respective supervisors, and 
should be carried back to the individual 
whose span of control covers all these 
groups. 

3.4.3 Seek background information. 

It is always helpful to find out as much 
as possible about what has gone before, 
and what the present trends and future 
expectancies are, with respect to the 
administrative activities to be studied. 
Some knowledge of how the present sys¬ 
tem developed is likely to be very useful. 
And, of course, any reliable opinions 
about future changes in work load, or¬ 
ganization, policies, or related systems, 
may have a direct bearing on improve¬ 
ment decisions. In addition, to supple¬ 
ment the official organization data, 
information about the actual working 
relationships between groups, and some 
slant on the interests and attitudes of 
key individuals, are likely to be of 
value. 

3.4.4 Secure proper sanctions and 
enlist cooperation. Obtaining coopera¬ 
tion, enthusiasm, and authoritative 
approval for a study is sometimes a 
problem in itself. It is to be expected 
that a system analyst or administrative 
supervisor will encounter defensive re¬ 
actions, indifference, and limited points 
of view in the course of any major 
study. Discussion of the causes and con¬ 
sequences of these phenomena, and how 
they can be avoided and deflected, is 
beyond the scope of this section.* How¬ 
ever, as a matter of procedure, it is 
best to: 

1. Obtain prior approval and support 

♦See Neuschel, Streamlining Business 
Procedures, pp. 118-21. Also John H. Ross, 
Technique oj Systems and Procedures 
(Office Research Institute, Inc., 1948), 
Chapters II and III. 
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at an appropriate levd of management. 

2. Let everyone concerned know what 
is being planned, and why, and how they 
can participate. 

3. Make any special requests and 
effect all changes through normal lines 
of technical and supervisory authority. 


3.5 THE SCOPE OF THE STUDY SHOULD 

BE DECIDED IN ADVANCE 

A system study has a way of 

spreading out in all directions 
from the area originally contemplated. 
In the process of probing back to the 
sources of information used, and trac¬ 
ing out the destinations and purposes of 
information produced, new problems and 
opportunities for improvement are dis¬ 
covered. It is frequently tempting to 
expand the scope of the study, little by 
little, until it becomes unmanageable 
and the original objectives get lost in 
the confusion. To avoid this, it is a good 
idea to define appropriate and reason¬ 
able limits for the study. 

Investigation and corrective action in 
other areas should be limited to those 
necessary for the immediate purposes. 
In many cases, methods and procedures 
lying outside the study limits need to 
be changed in order to accomplish im¬ 
provements within the defined area. Side 
problems like this must be solved in the 
course of the present study. But usually 
there are many other deficiencies in these 
related procedures which can be toler¬ 
ated a little longer without serious effect. 
Unless their subsequent correction is 
likely to make the results of the present 
study obsolete in the near future, it is 
best to defer action rather than divert 
time and attention from the original job. 

3.5.1 Establishing the study limits. 
Fixing the scope of a system study is 
essentially a matter of defining the scope 
of the system to be studied, which in 
turn is a matter of isolating a particular 
area of administrative activity for analy¬ 
sis. But to define the scope of a system 
in a satisfactory way is not always sim¬ 
ple. One difficulty arises from the fact 


that a system has many dimensions. 
Another difficulty is that the systems 
within an industrial organization are so 
interconnected and interdependent that 
any boundaries drawn between them are 
necessarily arbitrary. 

To completely define a system, limits 
must be established for all its parame¬ 
ters. But it is important to begin with 
those which are fundamental. A com¬ 
mon mistake is to mark out the bounda¬ 
ries of a system in terms of ph 3 ^ical 
factors, such as forms, locations, people, 
and equipment. These are superficial 
characteristics of the system. To estab¬ 
lish the scope of the system in such 
terms severely restricts the thinking that 
goes into the analysis and subsequent 
attempts at improvement. The limits so 
established are usually incomplete, and 
sometimes very poofly chosen. The con¬ 
sequences are likely to be duplication 
and waste of improvement effort, and 
procedures which overlap, conflict, and 
are poorly integrated. 

A better plan, for important system 
studies, is as follows: 

1. Clearly define the administrative 
functions to be studied and the range of 
application. 

2. Decide where to break off each 
sequence of procedures crossing the 
fringes of this functional area. 

3. Identify the items of information 
(and the forma on which they are 
carried), the people (and their depart¬ 
ments), and the equipment employed 
in the procedures to be studied. 

3.5.2 Define the functions and range 
of application first. Basically, the scope 
of a system is determined by its adminis¬ 
trative purposes. Therefore, the two 
fundamental parameters of the system 
which should be defined first are its 
functions and its range of application. 

For most systems, the range of appli¬ 
cation is specified in terms of the classes 
of items for which it applies. For in¬ 
stance, the system describe in Example 
I (Art. 1.4) applied to lathe tools (which 
accounted for nearly all of the cutting 
tools that were being sharpened by 
machine operators). The study might 
have been expanded to include milling 
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eutters, drills, and other resharpenable 
tools; or it might have included all tools 
loaned from the tool crib. For the system 
analyzed in Example II (Art. 1.4), the 
range of application covered all pur¬ 
chased parts and subassemblies. Ex¬ 
cluded were purchased items requiring 
less formal or routine inspection, such 
as raw materials and tools. In these 
systems, as in many others, the object 
of the system’s function is a physical 
item of a certain class. In other cases, 
the basic item which the system applies 
to or acts upon may be a more abstract 
thing, such as an order, a request, a 
task, a shipment, or a report. 

The functions of the system should be 
stated in terms of administrative activi¬ 
ties or tasks pertaining to the specified 
classes of items. In Example I, the 
general functions w§re supply and con¬ 
trol. More specifically, the functions of 
this system could be defined as supply¬ 
ing sharp lathe tools to the shop, keep¬ 
ing track of their location, and control¬ 
ling them with respect to specifications, 
quantity, and cost. In Example II, the 
general function was inspection of in¬ 
coming parts. A more detailed descrip¬ 
tion would be: (1) inspecting purchased 
parts in accordance with predetermined 
plans, (2) handling and disposing of 
accepted and rejected parts, (3) trans¬ 
mitting information necessary for subse¬ 
quent administrative processes, (4) noti¬ 
fying the vendor of non-conforming 
parts accepted, and (5) returning and 
back-charging unusable parts. 

3.5.3 Each system study should be 
part of an integrated program. From a 
short-run viewpoint, any definition of 
the scope of a system to be studied is 
acceptable if it is suitable for the im¬ 
mediate purposes. Nevertheless, it is 
always helpful to consider first the entire 
field of related administrative activities 
in which the intended study area lies. 
This usually leads to a somewhat differ¬ 
ent and more definite idea of the scope 
and purposes of the immediate study. 
And it pays off in long-run benefits, 
some of which are as follows: 

1, Avoiding inconsistencies, conflicts, 
and duplications between different pro¬ 


cedures bearing on the same administra¬ 
tive activities. 

2. Avoiding duplication and obsoles¬ 
cence of system improvement efforts. 

3. Avoiding confusion caused by lack 
of basic definitions and the use of non¬ 
standard terminologies. 

Suppose, for example, a study of the 
procedures for controlling, reporting, 
and recording changes in location and 
departmental assignment of capital 
equipment is proposed in a medium¬ 
sized company. The objectives are to 
improve the relative accuracy of the 
property accounting records, for cost 
distribution and fire insurance reasons, 
and to attain adequate location control, 
primarily of the more portable items. 
Also, there is the possibility of cost 
savings by reducing the frequency with 
which physical inventories must be taken 
and reducing the time required to find 
specific items for various reasons. Im¬ 
mediately many qucvstioms arise. What is 
meant by “capital equipment’’ for the 
purposes at hand? Should relatively ex¬ 
pensive durable tools be included? What 
about new equipment coming into the 
system and old equipment going out? 
When is an item “transferred,” and 
when is it just “borrowed” or removed 
to a more convenient spot for repair or 
maintenance? Decisions on all such 
questions must take into consideration 
all of the related procedures—those 
which have been improved and stand¬ 
ardized as a result of previous studies, 
and those which have not yet been 
studied adequately. Before attempting 
to plan the present study, it would be 
worth while to take a reconnaissance of 
all the related procedures and records 
concerned with the durable properties of 
the company, particularly if this has not 
been done before. 

Figure 6.4 is a simplified representa¬ 
tion of the procedures which might 
somehow be directly involved in this 
proposed study, classified by administra¬ 
tive function and type of property. The 
heavy lines are meant to indicate bound¬ 
aries between systems as they might be 
marked out for the purposes of analj^is, 
improvement, and subsequent proce- 



41« 


FACTORY SYSTEMS AND PROCEDURES 


[3.S^ 



FIG. 6.4 DIVISION OF A FIELD OF ADMINISTRATIVE 
ACTIVITY INTO SYSTEM AREAS. 


dures control. The area contemplated 
for immediate analysis is presumably 
some combination of the blocks in the 
center of the table. Just what should be 
included needs to be clarified before the 
study is undertaken. 

Clearly, boundaries are between ad¬ 
jacent systems. Establishing limits for 
one system necessarily establishes par¬ 
tial limits for related systems. If sys¬ 
tem studies and their products are not 
to. overlap and conflict, decisions on the 
scojje of such studies should be coordi¬ 
nated. 

Obviously, there are many other rea¬ 
sonable combinations of the 24 blocks 
shown in Fig. 6.4. Also, there are many 
other w'ays such a table could be divided 
with respect to functions or with respect 
to classes of items. For instance, in this 
case the range of application could have 
been broken down in any one of the fol¬ 
lowing ways: 

1. By owmership—company, govern¬ 
ment, customer, IcvSior. 

2. By method of acquisition—pur¬ 
chased, constructed, rented or bor¬ 
rowed. 

3. By first cost valuation—i.e., up to 
$100, $100 to $5000, over $5000. 

4. By physical characteristics—such 
as floor space, portability, or severa¬ 
bility. 

5. By organimtional assignment— 


i.e., production, Tnaintenance, experi¬ 
mental shop and laboratory, etc. 

6. Expected service life—i.e., less 
than two years, two years or more, 
duration of job, leassehold period. 

The last four of these factors were taken 
into account to some extent in the break¬ 
down showm in Fig. 6.4, and the defini¬ 
tions of the six classes of items shown 
would no doubt establish lower limits on 
such factors as first-cost valuation and 
expected service life. Other differences 
between the various items covered by 
any one of the systems would require 
variations in jirocedure. 

What is desired in breaking down a 
large area of administrative activities 
such as this, is that each system shall 
be: 

1. Reasonably homogeneous through¬ 
out its range of application. 

2. Relatively independent of adjacent 
systems. 

3. Small enough, in number and com¬ 
plexity of procedures, to be a convenient 
and comprehensible study unit. 

Usually no one plan is clearly the best. 
But any reasonable plan is better than 
none at all. 

3.5.4 Completing and testing the 
scope of the study. Having marked out 
the general area of the study in terms 
of administrative purposes, it should 
then be defined in more detail from the 
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viewpoint of procedure content. The 
pirurture of procedures included should 
he complete and contiguous within itself. 

The study should cover all applica¬ 
tions of any procedures falling within 
the system limits. For instance, the anal¬ 
ysis behind the system in Example I 
covered all the items being loaned from 
the crib and all the tools being sharpened 
in the tool room. This was necessary in 
order to devise a system for lathe tool 
bits which could be integrated with, or 
expanded into, a larger system covering 
all tyiies of tools. In general, the study 
should cover all the alternatives and 
v.ariations of the procedures included 
w’ithin the chosen range of application. 
If the range is sharply restricted for 
practical reasons, as in Example I, the 
excluded classes of items should be in¬ 
vestigated sufficienliy to avoid undesir¬ 
able spccializ.ation of any new proce¬ 
dures developed for the limited applica¬ 
tion. 

Similarly, the administrative functions 
included in the study area should be 
tested with respect to procedures. There 
are always procedures at the fringes of 
the system, on which it depends or 
which depend on it, that are not wholly 
owned by the .sy.stem. Unless recently 
reviewed in another study, each of these 
must be investigated if it might rea.son- 
ably affect, or be affected by, changes 
within the study area. But for the pur¬ 
poses of improvement and procedures 
control these procedures may or may 
not be included in the system. This is 
illustrated in Example II. The receiving 
and receiving report procedure was 
omitted from the diagram because the 
inspection system applied to only a mod¬ 
est fraction of the various kinds of items 
received, and there was no intention of 
disturbing the receiving segment of the 
procurement and supply cycle in this 
study. However, at the other end of the 
system, transmitting and posting the 
quantity accepted to the inventory 
record was shown for the sake of clarity 
and reference even though it is clearly 
a part of the inventory control system. 
This is in contrast with the entire set 
of procedures for returning and secur¬ 


ing credit for rejected parts which was 
shown because it was considered to be 
wholly and exclusively within the scope 
of the system. 

Any decisions about the procedural 
content of the system prior to un¬ 
dertaking the study presuppose some- 
knowledge of what is being done now 
and some prediction of the possible 
structures of procedures that may result. 
Obviously, pertinent information and 
ide.as accumulate during the analysis, 
and flaw's in the original plan will be¬ 
come apparent. Thus the preliminary 
definition of scope should be open to 
criticism and subject to change as the 
study progresse.s. Nevertheless, it i,s al¬ 
ways worth while to have a guiding plan 
and to attempt to predict the results. 

Defining the area of a study by its 
administrative purjioses and procedures 
necessarily cuts across other dimensions 
of the system. Some of the people .and 
equipment will be found to be engaged 
full time; others only infrequently or 
periodically. And they are usually scat¬ 
tered both physically and organization¬ 
ally. Information, and the forms (or 
other means) for transmitting it, w'ill 
flow in and out across the boundaries 
of the area marked out. (This is true no 
matter how the system is defined.) A 
preliminary attempt to list all the peo¬ 
ple, department.s, machines, devices, and 
form.s involved in the present system is 
frequently helpful in planning and con¬ 
ducting the analysis of the study. 

Clearly, the purpose of defining the 
scope of the system to be analyzed is 
not to restrict investigation strictly 
wdthin rigid limits. The idea is to con¬ 
centrate effort toward achieving definite 
objectives with respect to a definite sys¬ 
tem. Investigation outside of this system 
should be viewed as a necessary supple¬ 
ment to the analysis of the system itself. 


3.6 THE COST OF A STUDY MUST BE 
RECOVERABLE 

Obviously, there is a point of di¬ 
minishing returns for the amount 
of time that can justifiably be spent in 
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improving a system or procedure. From 
a long-run point of view, the time de¬ 
voted to system study by the analyst, 
supervisors, and other people, should be 
valued at their respective hourly rates 
plus a reasonable allowance for variable 
overhead costs. This and other incidental 
costs of a study are justified only if there 
is a reasonable expectancy that they can 
be recovered, with a return, in additional 
savings accruing from the new system 
during its foreseeable life. 

In an expanding company, for exam¬ 
ple, it would clearly be unwise for an 
analyst or a supervisor to spend two 
weeks to realize an annual saving of $75 
in clerical labor and supplies. On the 
other hand, three to six man-months 
would be well spent in developing a bet¬ 
ter scheduling system which would in¬ 
crease administrative expenses by $2000 
a year, but save seven man-and-machine 
hours a day and reduce inventories 
$40,000. 

To evaluate the probable costs and 
the potential savings of a major system 
study may require some preliminary 
analysis and planning. For a simple 
study, a rough mental calculation will 
do. Nevertheless, a prior judgment 
should be made in each case.* 

4 . SYSTEM ANALYSIst 

The surest and quickest way to 

maximum improvement is by 
thorough investigation and systematic 
analysis of the information obtained 
therefrom. Professional analysts agree 
that the time spent making an exhaus- 

• There is always a tendency to under¬ 
estimate the number of man hours re¬ 
quired to make a reasonably good system 
study. This is particuU.rly true if the per¬ 
son making the estimate is not the person 
who will make the study. 

t The following articles on system analy¬ 
sis, design, and improvement are presented 
in terms of studies covering systems of 
moderate complexity. For smaller parts 
of the system, the same principles and 
techniques are valid, but their application 
is considerably simpler than indicated 
here. 


tive investigation not only improves the 
results, but also saves time in the long 
run. The alternative is to make unneces¬ 
sary assumptions, either knowingly or 
unknowingly. These assumptions fre¬ 
quently lead to wasted effort and unfor¬ 
tunate decisions. 

The major purposes of the analysis 
phase of a study are: 

1. To collect all available facts, opin¬ 
ions, ideas, and miscellaneous informa¬ 
tion relating to the system with respect 
to: 

A. organization and personnel 

B. responsibility distribution 

C. policies, terminologies, and defi¬ 
nitions 

D. procedures and methods 

E. information flow 

F. work load—classes, quantities, 
and variability 

G. equipment and layout. 

2. To sift out that part of the infor¬ 
mation which is pertinent and record it 
in usable form. 

3. To gather together as many po¬ 

tential ideas for improvement as pos¬ 
sible: .4 

A. from the people interviewed 

B. by analysis of the information 
collected and by application of the 
principles of system and procedure de¬ 
sign and motion study 

C. from other system improvement 
studies 

D. from outside sources—other com¬ 
panies and available literature. 


4.1 GATHER INFORMATION BY INTER¬ 
VIEW AND OBSERVATION 

The first step is to determine the 
general scheme of the system, who 
are involved, where they are located, and 
what forms are used. At this point it is 
helpful to review existing organization 
charts, manuals, procedure instructions, 
reports, and data from the forms control 
records. Then, by personal interview and 
observation, find out what each person 
does, and when, how, and why. If this 
is done in a thorough and orderly way, 
and if sufficiently detailed and accurate 
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Dotes are made, it should be possible to 
construct from this person-by-person 
data a complete picture of the flow of 
information and the sequence of events 
in the system cycle. 

4.1.1 Arrange interviews in organiza¬ 
tional sequence. In each department, it 
is both proper and efficient to start at 
the top and work down the organiza¬ 
tional ladder. Thus each introductory 
contact is made with knowledge of at 
least the person’s name, title, and gen¬ 
eral duties, and there is no violation of 
protocol. Where there are a good num¬ 
ber of people under one supervisor, and 
personal introductions would be incon¬ 
venient, it is often helpful to make a 
rough layout sketch of the area and to 
note the necessary information about 
each person in the rectangle represent¬ 
ing his desk or work^station. It may also 
be a good idea to sketch an organization 
chart of the department if it includes 
several supervisors and/or group leaders. 
By progressing down the organizational 
chain, the harvesting of information pro¬ 
ceeds in an analytical pattern from the 
general plan to, the routine work—from 
the fundamentals to the details. The re¬ 
lationships between the various activities 
are determined first. Thus the more spe¬ 
cific knowledge is readily understood and 
categorized. Questions are more perti¬ 
nent and well put, and important fac¬ 
tors are less likely to be overlooked. 
Also, the supervisors' explanations of 
policies, special terminologies, technical 
matters, personnel problems, operating 
problems, and other background items 
are obtained early enough to be helpful 
in planning and conducting the 
study. 

Some supervisors prefer to go into 
considerable detail in explaining the 
workings of their part of the system. 
This is helpful, but it does not reduce 
the importance of interviewing the peo¬ 
ple who actually do the work. Inevitably 
there are many discrepancies between 
what the supervisor believes is being 
done and what is actually going on. This 
is simply a reflection of the fact that 
the only person who is really up-to-date 
about what is done, and how it is done. 


is the person who is doing the job every 
day. 

4.1.2 Interview technique suggestions. 

The manner in which the interviews are 
conducted is extremely important. Al¬ 
though space does not permit an ade¬ 
quate discussion of this topic,* a few ele¬ 
mentary suggestions are as follows: 

1. Be patient, pleasant, and courteous. 

2. Speak the language of the system. 

3. Ask definite, objective questions. 

4. Be thorough, but stay within.the 
person’s area of responsibility and fac¬ 
tual knowledge. 

6. Encourage questions and sugges¬ 
tions. 

6. Avoid proffering your own ideas 
and opinions. 

7. Make no promises, and give no 
instructions. 

8. Avoid implied criticisms of meth¬ 
ods, procedures, people, or policies. 

4.2 AT EACH WORK STATION, OBTAIN 
AND RECORD ADEQUATE INFOR¬ 
MATION 

The objective should be to obtain 
all the pertinent information at 
one interview. It is not enough to ask 
the person to explain in detail what he 
does and how he does it. Very few people 
are able to give a comprehensive, well- 
organized summary of the tasks they 
perform without considerable help in the 
form of directed questioning. Also, of 
course, the person doing the job cannot 
be expected to know the kinds of infor¬ 
mation needed, and seldom realizes the 
importance of details. If the person has 
been on the job for some time, it is usu¬ 
ally necessary to watch him perform 
each task in order to find out what he 
actually does. 

Complete and legible notes must be 
taken, and they should be recapped 
promptly. It is difficult to remember 
fragments of information which were not 

♦See Neuschel, Streamlining Business 
Procedures, pp. 161-62; also Ross, Tech¬ 
nique of Systems and Procedures, Chapters 
III and IV, particularly pp. 106-106 and 
116-121. 



FACTOKY SYSTiMS AND PROCIDUMS 


410 

written down or to decipher interview 
notes two or three days old. For obvious 
reasons, it is undesirable to ask the same 
questions twice. 

4.2.1 Obtain copies of all documents. 

For each document received, kept, or 
originated at the work station, acquire 
at least two copies (or sets). One copy 
is for a reference file or “morgue"; the 
other is tor u.se in discussion and note 
taking. This .second copy should be filled 
out with typical data. 

4.2.2 Information to be obtained 

1. For each task perjonned at the 
work station, find out: 

A. AVhen it is done, how often, and 
how it gets started. 

B. What the task consi.sts of—and 
how it is done—a slep-by-step descrip¬ 
tion of the work and the methods. 

C. How much time it takes—per day, 
week, or month, and also per unit of 
W’ork. Olitain nut only an average or 
typical figure, but also estimates of max¬ 
imum and minimum time. 

D. The customs and rules followed 
in interpreting information and making 
decisions between alternative courses of 
action. 

It is also important to know the reasons 
for each element of each task performed. 
If not obvious, or previou:?ly lietermnied, 
this can soinetmies be lietennined by 
discreet questioning of the ofierator or 
clerk. However, it is often necessary, or 
better, to obtain this information else¬ 
where. 

2. For each transmittal* received at 
the work station find out: 

A. When and how received, and from 
where or whom. 

B. How many received at a time; how 
many per day or week. 

C. Information checked, (ioiel'-d, U'-od, 
and/or posted to a record, work sheet, or 
another tran.smittal. 

D. Typical errors and omissions 
found, their frequency and ..eriou.sness, 
and the corrective action taken. 

E. Information added, including check 

* Transmittal is used to denote one or 
more items of information sent at one 
time on a document (form or otherwise) 
or by any other means. 
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marks, signature, date, rubber stamps, 
marginal notes. 

F. Handling and ultimate disposition 
of all copies. 

3. For each record kept at the work 
station, determine: 

A. Information posted—definition and 
source of each item, how posting is ini¬ 
tiated, and frequency of posting. 

B. IMcthods of posting and filing, time 
required, and equipment • uscil. AI.vo, 
where, when, and how individual .sheets 
or card.s are originated, 

C. Information checked, deleted, used, 
referred to, summarized, posted to other 
documents, or rejiortod orally, and fre¬ 
quency, method, purpc.'U, and time re¬ 
quired for each operation. 

D. Retention tune and ultimate dis¬ 
position of all copies. 

4. For each transmittal originated at 
the work station, find out: 

A. When originated, how often, and 
how origin is initiated. 

B. How compiled or filleil out, repro¬ 
duced, sorted, checked, and so forth, 
and time required fur each ojieration. 

C. Information iran.^'mitted and the 
source and/or derivation of each item. 

D. Purposes and uses of each copy 
and Its destination or routing. 

E. Errors and oini.ssions referred back 
to this work station—nature, frequency, 
and corrective action required. 

5. For each item of equipment at the 
work station, determine: 

A. Identification and description (and 
pos.sibIy the floor plan layout). 

B. Uses—applications in this and 
other systems. 

C. Work load—amount of use and 
breakdown by classes of work. 

D. Capability—cnjiacities, speed, and 
other operating data. 

4.2.3 Probe for latent information 
and ideas. Generally, the analyst will 
know in advance the major tasks per¬ 
formed at the work station with respect 
to this system. But, almost invariably, 
there are numeroua suppiementary tasks 
of w'hich he is not aware. It is often 
very worth while to ask specifically 
about the things listed below. 

1. Periodic tasks—those which must 
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be done only at certain dates or every 
so often, as necessary. 

2. Special jobs and fill-in work; spe¬ 
cial requests for information. 

3. "Reference” files and “dead” files, 
log books and notebooks, and other 
records not used in the normal run of 
work. 

Such probing frequently turns up un¬ 
necessary work, duplications of records, 
and tasks which arc being done at the 
wrong work station. 

It is also a good idea to ask about 
special problems ein oiintered at the 
work station, such as wrong information 
received, incomplete information, spe¬ 
cial cases the procedures do not cover, 
work load lulls and peaks, criticisms re¬ 
ceived concerning quality of work, diffi¬ 
culty in meeting deadlines, and interrup¬ 
tions. And, of course^ ail kinds of ideas 
and suggestions that might lead to im¬ 
provements should be solicited. One way 
to bring out ideas is to encourage the 
person to ask questions. In fact, one 
of the important results of skillful and 
enthusiastic interviewing is developing 
the questioning, improvement-seeking, 
point of view in the administrative per¬ 
sonnel. 


4.3 SUMMARIZE THE GENERAL INFOR¬ 
MATION COLLECTED 

The information collected by ob¬ 
servation and interview at the 
various work stations, and from other 
sources, must be analyzed, sorted, and 
summarized in various ways. For a given 
system study, some or all the following 
types of summaries may be worth while, 
particularly the first two. 

1. System junctions and benefits. This 
should be an outline of the administra¬ 
tive functions the system is supposed to 
serve, supplemented with a listing of 
the ways in which the system is expected 
to achieve savings for the company. It 
should include notations to indicate the 
extent to which the jiresent system 
serves its purposes and produces actual 
benefits. 

2. Ideas for improvement. Summarize 


ideas obtained from the system person¬ 
nel and derived by the analyst during 
the investigation. Record the source of 
each idea. 

3. Special requirements for the sys¬ 
tem. This should be a simple list of 
sjiecific requirements, such as deadlines 
and urgencies, relative accuracy and 
comjileteness of information produced, 
legal requirements, and special demands 
of superior and related systems. 

4. Special lunitations imposed on the 
system. Include any unusual restrictions 
with respect to .such things as personnel, 
organization, and acquisition of equip¬ 
ment, and also inherent weaknesses m 
supporting systems which cannot be cor¬ 
rected immediately. 

5. Technical information. Clarify 
notes on such things as the mathematics 
of calculations made and statistical 
parameters used, principles of machine 
and equipment operation, and definition 
and usage of special terminologies. 

6. Basic work load data. Recap per¬ 
tinent data, such as sales analysis, prod¬ 
uct breakdown, and employment figures. 

7. Major policies. Outline those poli¬ 
cies affecting or controlling the proce¬ 
dures and the important decisions. 


4.4 ANALYZE THE RESPONSIBILITY 

DISTRIBUTION 

A written analysis of the distribu¬ 
tion of responsibilities for system 
functions among the various organiza¬ 
tional units is often valuable. It is not 
uncommon to find important re.sponsi- 
bilities which are not clearly assigned, 
responsibilities which are unaccom¬ 
panied by authority, responsibilities 
which are duplicated or overlapped, and 
responsibilities which are poorly placed. 
A simple way to summarize the existing 
distribution of responsibilities is to list 
all departments or groups participating 
in the system and then to write a brief 
description of the tasks and duties for 
which each is accountable. A word of 
warning—it is easy to make assumptions 
here which are either false or only half 
true. Responsibilities are not always 
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3. Cuatoner oharges and oredlts. 
b. Sales Sap's coseilsslon. 

Notify Accounting of above action. 
Initiate shipment oft 
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FIG. 6.5 A RESPONSIBILITY CHART OF A SIMPLE 
SYSTEM. 


found to be where they were originally 
assigned, or where managers think they 
are. To be truly and firmly placed, a 
responsibility must not only be assigned, 
but must also be accepted and carried. 

A responsibUity chart is a good way to 
present this analysis in a clear and com¬ 
pact manner in order to discuss it with 
supervisors and managers. Figure 6.5 is 
an example of how this can be done. 

If the analysis of responsibilities is 
properly drawn up, it will not only point 
up basic deficiencies, but will also give a 


complete functional description of the 
sy.stem broken down by departments. 

4.5 ANALYZE THE FLOW OF ITEMS 
AND FORMS 

For most system studies, the most 
useful and productive analysis is 
of the flow of the documents* and the 
items which the system controls or 

*Or other devices for transmitting in¬ 
formation—see Art. 12. 
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pro^isses. The general technique is to 
describe the system as an administrative 
process consisting of interconnected se¬ 
quences of operations, transportations, 
and storages. This should be done in 
such a way as to show aU the necessary 
tasks in proper sequence, and all the 
information transmittals and storages, 
in relation to the movements and stor¬ 
ages of each successive item or case 
processed through the system. 

A system flow analysis may be written, 
tabulated on a form, or diagrammed. In 
general, a chart of some kind is a more 
satisfactory means of summarizing and 
analyzing the system flow and function 
than a written description. The use of 
symbols and lines instead of words 
makes it possible to bring together the 
complete operational structure of the 
system in a compact form. This is use¬ 
ful not only for reference and discussion, 
but also for bringing out deficiencies and 
opportunities for improvement. Subse¬ 
quently, a chart of the present system 
is often useful in explaining the advan¬ 
tages of proposed changes. 

4.5.1 How to chart the system flow. 
There are many ways to draw a chart of 
the system transmittals and activities. 
The manner in which this is done and 
the time spent on it should be whatever 
is appropriate for the particular system 
and the people involved in the study. 
Brief descriptions of four types of sys¬ 
tem flow c^rts follow this paragraph. 
All these charts show sequence and flow, 
in different ways. Each also is designed 
to show certain other relationships and 
information. Any one, or perhaps two, 
may be very worth while, depending on 
the nature and complexity of the system 
and the specific objectives of the study. 

Each document should be traced from 
origin to final disposition. Each item 
controlled by the system should be 
traced from its entry to its exit from 
the system (or through a complete cycle 
if recirculated). This provides a check 
on the completeness of the information 
collected and also shows up pointless 
terminal storages, duplications of rec¬ 
ords, and other possibilities for improve¬ 
ment. 


41S 

In general, any chart of the present 
system is a working paper, not a formal 
presentation. Fine art work is not neces¬ 
sary; free-hand sketches are good 
enough. On any one chart, and within 
any one company, consistency in the 
charting conventions has some advan¬ 
tages. But strict adherence to standard 
rules and symbols focuses attention on 
drawing the chart rather than thinking 
about the facts being recorded and the 
possibilities for improvement. Some in¬ 
novation and imagination is called for 
to fit the technique to the situation and 
to summarize the data collected in the 
most useful ways. 

4.5.2 Types of sequence-flow charts. 

Four types of charts are described below 
to show some of the different techniques 
and possibilities. The examples referred 
to are from systems which are fairly well 
designed. Consequently, the figures illus¬ 
trate how sequence-flow charts can be 
drawn and what they show, but they do 
not demonstrate the ways in which they 
point up system deficiencies, 

1. Simple sequence diagram. Shows 
the sequence of tasks (operations), in¬ 
formation transmittals, item transpor¬ 
tations, and storages (those not ter¬ 
minated until a certain time arrives or 
a certain event transpires), and indicates 
relationships between sequences. Usually 
carries selected explanatory explanation 
on the diagram and/or in footnotes. Ex¬ 
amples: Figs. 6.6 and 6.7. 

2. Interdepartment flow diagram. 
Similar to a simple sequence diagram 
except operations and storages are 
grouped in columns or blocks by or¬ 
ganizational units. Example: Fig. 6.2. 

3. Travel diagram. A specialized chart 
aimed at pointing up unnecessary travel 
(number of moves and distances), back¬ 
tracking, and tortuous flow patterns. 
Shows sequence of events and can carry 
same data as a simple sequence diagram. 
Special feature: indicates travel routes, 
relative locations, and distances, usually 
on a scaled layout sketch. For examples 
of this type of chart, see Section 8. 

4. Time diagram. Useful for cyclical 
procedures where the same sequence of 
events is repeated for the same or sue- 
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BETURNED PRODUCT ROUTING AND PROCEDURES 


Raturnad 

iMl 


\ From Customer 

Receive, count, Check serial number, 
affix tag. Write Rec'v. Report; 

' copies to Sales, Acctg., Cost Acctg. 

, . In Sales Stock Room 

Waiting for routing ( Rework ! 


^ To Test Department 


2k 

^ with form S-8a 

i 

[rO To Shop with Work Order 

K Test returned unit 
^ Enter data on S>8a 

1 

1 

» 

Rework or repair 

-^To Production Engr. 

1 

4 

A 

N Analyze data & unit 
w Enter info, on S>6a 

1 

1 

Test and inspect 

sjTo Sales Stock Room 

1 

1 

|r^ To Sales Stock Room 

y 1 ....- 

■ ' T 

--To Sales Stock Room 


Walt for decisions 
' by Sales Department 


(If credit is allowed ) 


r^Of no credit) 
l^Reship to 
Customer 


To Parts Crib 
for scrap 


. To Sales Stock 
'for resale 

Remove tag 
Store until sold 


Test or process unit 

Route for special work 
(test, adjust, repaint) 


To Parts Crib for 
'lab use assignment 

Remove tag, store 
I until requested 


Notes; 

I 3^ 1nitlated by Sales: transmittal of Test Report, S-8a, to Prod. Control 

I 6^ Initiated by Production Engineer when analysis is complete 

r^A Disposition initiated by Sales: release of Shipping Ticket; copies 
to Shipping, Sales Stock Room, Cost Acctg., Acc|g. Receivable 

Disposition initiated by Sales: release of Transfer Ust 

rsf) Rework or repair initiated by sales: release of Transfer Ust 

r?A Special routing authorized by Sales: release of Transfer List 
Initiated by Prod. Control (make out Trans. List), or by Sales 

All interdepartmental moves by Production Control Messenger (only). 


FIG. 6.6 A SEQUENCE DIAGRAM SHOWING THE BASIC 
PLAN OF THE SYSTEM DESCRIBED IN FIG. 
6.5. THE FLOW ITEM CHOSEN FOR THIS 
CHART IP THE SOLD PRODUCT UNIT RE¬ 
TURNED BY THE CUSTOMER FOR REPAIR 
OF CREDIT. 


(»8Bive items processed. Special feature; 
the elements of the cycle are laid out on 
a time scale, usually along the vertical 
dimension of the chart. Points up delays 
Mid often indicates ways to shorten 


the system cycle. Example; Fig. 6.8. 

There are a number of charts used in 
system analysis which are somewhat 
different from the four types described 
above, as well as many variations of 
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FIG. 6.7 A SEQUENCE DIAGRAM SHOWING THE FLOW 
OF KEY ITEMS OF PAPERWORK IN THE SYS¬ 
TEM ILLUSTRATED IN FIG. 6.5 AND 6 . 6 . 


these four.* There a*re also innumerable 
different sets of symbols and conven¬ 
tions. In general, the design of the 
chart and the details of its construction 
are not important if it tells the whole 

♦See Section 5, pages 317-342; also 
Norman N. Bansh, Systems Analysis (New 
York: Funk & Wagnalls Co., 1951), Chap¬ 
ter V; and Neuschel, Streamlining Busi¬ 
ness Procedures, pp. 146-159, 312-313. 


story and brings out clearly the types 
of deficiencies it was intended to show. 

4.6 ANALYZE THE SYSTEM INFORMA¬ 
TION 

Analysis of a system is not com¬ 
plete without an item-by-item re¬ 
view of the information it receives, 
processes, stores, and produces. The ob- 


FIG. 6 . 8 . ONE CYCLE OF TOOL SUPPLY SYSTEM OF 
EXAMPLE 1 (art. 1 . 4 ). 
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jectives are to find out just what in¬ 
formation is needed utd why and to 
discover possibilities for eliminating un¬ 
necessary information, extra work, and 
opportunities for errors. 

The importance of a detailed infor¬ 
mation study depends on the volume of 
work handled by the system. For ex¬ 
ample, consider a travel expense reim¬ 
bursement procedure. If there are 100 
reports per year, a little extra informa¬ 
tion on each report is of little real 
consequence. For comparison, consider 
a daily time report procedure covering 
400 employees. If they average five jobs 
per day, each item of information re¬ 
quired per job is written, checked, and 
tabulated more than half a million times 
per year. Extraneous, vague, or poorly 
defined items of information become 
expensive in a case like this. 

4.6.1 Information flow study. One 
general way to analyze system informa¬ 
tion is to trace the flow of each item 
from its origin to its final disposition 
and to determine its definition, source, 
derivation, frequency, recordings, trans¬ 
mittals,* storages, transcriptions, verifi¬ 
cations, and uses. To do this systemati¬ 
cally, it is necessary to classify all the 
items of information handled in a system 
so that none are overlooked and so 
the analysis can be carried out in an 
orderly manner. Theoretically, the best 
classification would be by type of infor¬ 
mation. This would bnhg together simi¬ 
lar items of information and help to 
make diiplications and redundancies ap¬ 
parent. A more practical classification 
IS by transmittals and storages. In most 
systems, nearly all the information is 
transmitted and stored in written form. 
Therefore, a natural grouping is by the 
documents on which it is recorded. 

For each document, complete notes 
covering each item of information can be 
made on or attached to the sample copy. 
Then, by studying these sample docu¬ 
ments, together with the paperwork flow 
diagram, the system information can be 
reviewed rapidly and thoroughly. Notes 
should be taken of the following things: 

1. Transcriptions of information from 
one form to another. These represent 
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error opportunities as wdl as olerifial 

work. 

2. Duplications and redundancies of 
information recorded on different trans¬ 
mittal and record documents in con¬ 
current use. These point out opportu¬ 
nities for eliminating and combining 
documents. 

3. Items of information whose defi¬ 
nition and meaning are not clear, in¬ 
cluding derived statistics (such as aver¬ 
ages) and reported items whose titles or 
descriptions are indefinite or ambiguous. 
These often lead to discovery of incor¬ 
rect and inappropriate uses of informa¬ 
tion. 

It may be necessary to make a sup¬ 
plementary study of items of informa¬ 
tion used in a system which are not 
recorded in writing, such as those trans¬ 
mitted by voice or obtained by obser¬ 
vation. This is likely to become more 
and more important as electronic and 
mechanical devices for handling spoken 
and coded information become more 
prominent in the field of administrative 
systems. 

4.6.2 Input-output analysis. Another 
way to analyze the information is to 
break the system into segments by 
tasks, locations, or organizational unite 
and to study the flow of information into 
and out of each segment. The essential 
idea here is to isolate an area of ad¬ 
ministrative activity and make an item- 
by-item review of the input and output 
of repetitive information. This concept 
is particularly helpful in the analysis 
of systems utilizing data-processing 
equipment, such as punched card ma¬ 
chines. 

An input-output analysis can readily 
be made for each work station, or for 
each task performed at each work sta¬ 
tion, from the interview data. For each 
item of input, determine its source and 
definition and how it is received, re¬ 
corded, checked, stored, and used. For 
each item of output, determine the im¬ 
mediate source or derivation, the fre¬ 
quency produced, the destinations and 
purposes, Mid how and when it is re¬ 
corded, cheeked, and transmitted. 

If the items of input and output are 
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listed by type of infonnation, duplica¬ 
tions and redundancies will stand out. 
And, if each item is reviewed with re¬ 
spect to purpose and manner of state¬ 
ment, it is often possible to eliminate 
or combine some of them and reduce 
others to more concise form. Also, com¬ 
parison of the input-output analyses of 
different work centers, procedures, or 
systems is likely to reveal overlapping 
functions, poor placement of responsi¬ 
bilities, and lack of coordination. 


4.7 OTHER TECHNIQUES OP ANALYSIS 

There are numerous methods of 
system analysis covering a wide 
range of specific objectives. Some of 
these have been published; many have 
not. The general types of analysis de¬ 
scribed in the preceding paragraphs are 
aimed, in general, at improving the basic 
system process with respect to effective¬ 
ness and cost. The motion study tech¬ 
niques they employ are those for process 
analysis and improvement. 

Analysis of the work methods used to 
perform the various system tasks is 
basically the same problem as analysis 
of factory operations. Here the more 
refined techniques of motion analysis 
and time analysis and the principles of 
motion economy can be profitably ap¬ 
plied.* 

Another technique is the analysis of 
administrative activities by organiza¬ 
tional groups—sections and departments. 
This is particularly effective for develop¬ 
ing inter-system coordination and ob¬ 
taining information with which to plan 
an integrated system study program. 
The results of this type of analysis may 
be summarized in a work distribution 
or activity analysis chart.t This type of 
chart usually breaks down the activities 
of each person or work station in detail 
and shows an estimated distribution of 
the working time among these activities 

*See Section 5; also Barish, Spatemt 
Analyait, Chapter VII. 

t See Neuschel, op. cit., pp. 154-57. Also 
Barish, Syatems Analytis, pp. 74-87. 


If one of the specific objectives of the 
study is to improve the physical ar¬ 
rangement and location of one or more 
work areas, plaift layout analysis meth¬ 
ods (such as the travel diagram) may 
be an important part of the system 
analysis.* 

Sampling techniques and methods of 
statistical analysis are often very valu¬ 
able in studying systems which depend 
on, or process, numerical data. In some 
cases, effective application of statistical 
methods is essential for analysis and 
improvement. 

5 . SYSTEM DESIGN—PLANNING 
AND DEVELOPMENT 

This article is concerned with the 
practical question of how to de¬ 
velop a better system. As far as possible, 
principles and refinements of system de¬ 
sign are deferred to Arts. 6, 7, and 8. 
The objective here is to devise alterna¬ 
tives, to choose between these alterna¬ 
tives, and to prepare recommendations. 

Having analyzed the present system, 
a general decision must be made about 
the scope and extent of change contem¬ 
plated. Shall the basic plan of the 
system be retained, or should it be 
completely overhauled? Factors to be 
considered are: the time and man power 
available for the job, the potential in¬ 
crease in benefits and decrease in cost, 
and the probabilities of acceptance of 
recommendations affecting different di¬ 
visions and departments. Although it is 
essential to take the point of view that 
there is nothing sacred about the present 
‘system or any of its parts, it is also 
important to keep in mind that there 
is no point in developing recommenda¬ 
tions that cannot be sold, or in making 
changes that do not clearly benefit the 
company in the long run. 

This article deals in terms of building 
a new system from the bottom up. If the 
situation calls for less drastic action, 

* For techniques and principles of layout 
analysis and improvement, see Section 8. 
Also Barish, Syatems Analysia, Chapter 
VI. 
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as is frequently the <Mse, many of the essential, and, hence, the basic plan of 
steps outlined below can be shortened, the system, 
combined, or omitted^ 


5.1 DEVELOP BASIC PLANS 

The first step in designing the 
system should be to state roughly 
the objectives to be achieved with re¬ 
spect to costs and benefits. 

Cost reduction objectives can be for¬ 
mulated by reviewing the methods and 
procedures improvement ideas obtained 
thus far, evaluating the potential of each, 
and arranging them in possible combina¬ 
tions. Then the important goals of re¬ 
design, such as a reduction of work force, 
elimination of overtime, or the release 
of time for more productive use can be 
established. 

Objectives relating to the effectiveness 
of the system can be formulated by re¬ 
viewing its purposes in terms of the 
actual benefits it can produce and out¬ 
lining the fundamental actions necessary 
to obtain those benefits. This helps to 
confine the new system to the functions 
it is intended to cover and to focus 
attention on critical procedures. For in¬ 
stance, in planning the system of Ex¬ 
ample I (Art. 1.4), the following things 
were seen to be necessary in order to 
secure the desired benefits: 

1. All carbide-tipped and special form 
tool bits must be sharpened properly 
and in accordance with standard specifi¬ 
cations. This requires suitable equip¬ 
ment, adequate skills, and centralization 
of the work. 

2. Sharp tool bits must be available 
when needed, but the stock must not be 
excessive. Therefore, tool bits must be 
placed under a tool crib control designed 
to assure their ptompt return and 
sharpening, to initiate correction of er¬ 
rors and violations, and to accommodate 
changes in tool usage. 

If the design objectives are clearly 
thought out, the task of working out the 
best methods and procedures is greatly 
simplified. The purposes of this first step 
are to define in practical and definite 
terms what the sj^t^ must do, what is 


5.2 PLAN THE ASSIGNMENT OP RE¬ 
SPONSIBILITIES 

The next problem is to allocate 

the functional responsibilities in 
the best way, considering the existing 
organization plan, economy of time and 
money, and the operating effectiveness 
of the system. Clearly, any distribution 
of the system responsibilities is neces¬ 
sarily a compromise. It is not possible 
to minimize cost and time, maximize 
benefits, and conform to a precise or¬ 
ganization theory all at the same time. 
Consequently, any set of rules, such as 
those which follow, are inherently in 
conflict with one another because they 
affect different variables of a complex 
problem. 

5.2.1 Some rules for assigning system 
responsibilities. 

1. Assign system tasks to groups hav~ 
ing suitable equipment and personnel. 
Consider job skills, knowledge, and rates 
of pay. Attempt to utilize free time and 
to balance work loads. Frequently it is 
best to place tasks according to type 
of work rather than on the basis of 
function or purpose. Minimize the num¬ 
ber of departments involved. Place se¬ 
quences of tasks in the same location if 
practicable. 

2. Make the same person or group 
responsible for similar and related de¬ 
cisions. Consider work loads, rates of 
pay, and availability, as well as qualifi¬ 
cations of the personnel. Delegate rou¬ 
tine decisions to specialists rather than 
to supervisors and technicians. The ob¬ 
jective is reliable, consistent, and speedy 
decisions at the least cost. 

3. A control or follow-up responsibil¬ 
ity shoidd be placed in the department 
most concerned about the results and 
least influenced by the department re¬ 
sponsible for the performance of the 
function being controlled. This is neces¬ 
sary to avoid bias in action or reporting, 
or lack of interest, either of which would 
impair the effectiveness of the control 
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mechanisms. For example, location cen¬ 
tred of capital equipment is likely to be 
more effective if placed with the group 
responsible for plant layout rather than 
with the accounting department. Or, the 
follow-up to obtain decisions about re¬ 
jected products returned by customers 
should be the responsibility of sales 
rather than inspection. 

5.2.2 Adjustments In organization 
may be necessary. Frequently, impor¬ 
tant system improvements are not feasi¬ 
ble without transferring people from one 
supervision group to another concur¬ 
rently with reallocation of responsibili¬ 
ties. For example, to reduce the cost and 
improve the effectiveness of a quality 
control system, it may be necessarv to 
centralize the accumulation, analysis, 
and reporting of quality information. 
Such work is often scattered through 
various groups witB little coordination 
and considerable duplication. By focus¬ 
ing the responsibility for such a function 
on one group of people brought together 
under common supervision, it is often 
possible for two people to do the work 
of three, or three to do the work of 
four, and to do it more effectively. 


5.3 CORRECT DEFICIENCIES IN POLICY 

In most system design projects, 
four common kinds of policy prob¬ 
lems can be expected: 

1. Policies which are not clearly for¬ 
mulated, and are therefore applied 
inconsistently or changed whenever con¬ 
venient. 

2. Departmental policies which di¬ 
rectly conflict with those of another 
department. 

3. Policies which are wasteful or ex¬ 
pensive to follow. 

4. Policies which are not, or cannot 
be, enforced. 

These policy problems and questions 
should be clear^ up as soon as they 
are encountered. Otherwise, much de¬ 
tailed planning of procedures, methods, 
and forms may have to be done over 
again. For instance, the system of Exam¬ 
ple II (Art. 1.4) depends heavily on the 


decision that the vendors* invoices may 
be paid before inspastiou is completed. 
Other policies which affected the design 
of this system ranged from questions 
concerning vendor contact and relations 
to whether or not a hand-written ship- 
ping-ticket-debit-memo would be per¬ 
missible. 

Many systems and procedures are 
purely a means of implementing and 
enforcing policies. These range from 
such simple matters as visitor control 
and the use of company cars, through 
problems of security and public rela¬ 
tions, to complex things like incentive 
wage systems. Clearly, in cases like 
these, the policy should be formulated 
and approved before the system is de¬ 
signed. 

In other systems, policy questions may 
be encountered with respect to details 
of method and information. For ex¬ 
ample, should money amounts be en¬ 
tered to the nearest penny or nearest 
dollar? Should requisitions be written 
for items of small value ? Should a work 
request be approved at the supervisor 
level, department head level, or division 
head level? It is usually wise to obtain 
prior agreement if changes in such things 
are to be incorporated in the new system. 


5.4 PLAN THE PROCEDURES AND PLOW 
OP INFORMATION 

If the design objectives, responsi¬ 
bility distribution, and basic pol¬ 
icies have been established, the foun¬ 
dation and general structure of the 
system are determined. The next step 
is to plan the operation of the system 
in terms of procedures and flow of 
information. 

5.4.1 A suggested plan of attack. The 

best approach is to make a rough free¬ 
hand sketch of the flow of necessary 
information and then proceed to revise 
it and improve it until a fully satirfac- 
tory scheme emerges. In doing this, the 
analysis notes will supply the data and 
the responsibility distribution will serve 
as a guide. At this stage of design, the 
system information, procedures, meth- 
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ods, and forms are treated in general 
terms; their detailed design should be 
deferred until the framework of infor¬ 
mation How is completed. 

5.4.2 Provide a complete set of plans. 
Clearly, the better a system is planned, 
the more different cases and problems 
it will handle without improvising and 
the greater will be the benefits of 
planning—speed, coordination, effective 
use of time and effort, economy of 
.supervisory and executive time,, con¬ 
sistency of decisions, and reliability of 
information. It is necessary to anticipate 
all the different cases falling within the 
range of application of a system, and 
the important variations and special cir¬ 
cumstances which may arise. For in¬ 
stance, in any system dealing with 
successive lots of parts, such as Example 
II, it is usually necessary to provide 
for splitting a lot into two or more 
parts for scheduling reasons, reworking 
rejected parts, or special diversion or 
processing of part of a lot. In Example 
I, it was necessary to provide for such 
eventualities as experimental tools, new 
standard tools, and increasing or de¬ 
creasing the stock quantity of a standard 
tool. In a payroll system, it is necessary 
to provide for special deductions, .salary 
advances, and employee terminations, 
as well as new hires, transfers, changes 
of rate, and numerous other things. 

In planning a system, it is usually 
best to sketch out the plan for the 
normal routine first, and avoid the side 
tracks which must be provided for vari¬ 
ations and special events. However, 
these must be kept in mind, because they 
usually affect the main-line procedures. 

5.4.3 Plan the forms and their use. 
Planning the flow of information and 
the procedures inherently involves plan¬ 
ning the documents needed and how 
they will be used. In general, the num¬ 
ber of forms and the number of copies 
of each should be minimized Wherever 
possible, the forms of other systems 
from which and to which information 
flows should be utilized in place of new 
forms. 

Each copy of each document origi¬ 
nated and/or handled in the system 
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should serve as many purposes as prac¬ 
ticable, and its life history should be 
planned from origin to termination. It 
is important to provide for the ultimate 
destruction of each copy vrhen it is no 
longer worth keeping. 

5.4.4 Coordination, consistency, and 
integration with other systems. Because 
no one system in a company is com¬ 
pletely independent, it is usually true 
that decisions concerning one system 
also will affect the cost and effectiveness 
of other systems. 

Coordination with related systems is 
always important and sometimes vital. 
For example, a capital equipment ac¬ 
quisition procedure must coordinate 
functionally with the budget system, 
the equipment control and maintenance 
system, the purcliasing and receiving 
system, and numerous accounting pro¬ 
cedures. Also, inter-system coordination 
wdth respect to time may be important. 
For example, it is often necessary that 
reporting periods and cut-off dates of 
planning, accounting, and control sys¬ 
tems be made to coincide, or that daily 
routines of related systems be closely 
scheduled to avoid delay and idle time. 

Whenever possible, systems requiring 
similar action in one or more depart¬ 
ments should be designed so that the 
common procedures are similar if not 
identical. For example, the production 
oontrol procedures for experimental pro¬ 
duction lots should be consistent with 
those for other work-in-process. Or, the 
receiving department procedures should 
follow the same pattern for all classes of 
items received. The advantage of con¬ 
sistent procedures lies in standardiza¬ 
tion, which permits rapid automatic 
processing with a minimum of questions 
and decisions .and gives greater assur¬ 
ance of correct results for all cases. 

Integration between systems is ac¬ 
complished by devising multi-purpose 
procedures, records, and reports. In 
general, these represent duplications 
eliminated or avoided. Such possibilities 
are obvious when the systems are in¬ 
terdependent, as in purchasing, receiv¬ 
ing, controlling, issuing, and accounting 
for materials and parts. Th^ are not 
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^ obvious between systems such as in- 
process quality control and production 
control, design control and production 
planning, and tool control and methods 
control. 


5.5 DESIGN AND PHYSICAL SYSTEM 

Having answered the questions 
what, where, when, why, and who, 
about the system, the question still 
remains, How will the work be accom¬ 
plished? The answer to this consists of 
three interrelated parts: selecting suit¬ 
able machines and equipment, designing 
the forms and reports, and planning the 
work methods. 

5.5.1 Select the system methods and 
devices. Usually there are many possible 
methods and labor-saving devices which 
should be considered (see Art. 12). The 
problem is to select the combination 
which will minimize the costs of labor, 
supplies, and equipment. All reasonable 
alternatives should be considered. This 
requires not only a review of commer¬ 
cially available equipment, but also some 
thought about the possibility of design¬ 
ing and building special-purpose equip¬ 
ment. Of course, preference should be 
given to equipment already on hand. If 
the system involves a large volume of 
repetitive work, a choice of equipment 
may have been made earlier in the 
project and need only be reviewed for 
cost justification of this point. 

Comparing the costs of alternative 
equipment necessarily requires planning 
and evaluating the related work methods 
and forms. 

5.5.2 Design the forms and reports.* 

The decisions to be made for each docu¬ 
ment fall into three classifications: 

1. Type of document. The main'fac¬ 
tors which affect the type of document 
are the number of copies, the rate of 
use, and (therefore) the method of 
writing and/or reproduction. 

2. Specifications. Decisions must be 
made concerning the size, type of paper, 
and numerous details, such as punching 
and binding. 

3. Layout. This is a matter of deciding 


what items of information are to be 
recorded, the dcKiription or instructions 
for each item, and the arrangement and 
spacing of the form. 

Obviously, the design of the forms 
should be subordinate to the planned 
information flow and procedures, and is 
inherently tied in with the selection of 
equipment and the determination of 
work methods. It also requires decisions 
about the definition, description, and 
cost justification of each item of infor¬ 
mation. 

5.5.3 Plan the work methods. In order 
to evaluate the various alternatives of 
procedure, equipment, and form design, 
it is necessary to predict the work 
methods. This requires visualizing just 
how each task will be done and making 
a rough estimate of the time it will 
require. It is then possible to derive a 
reasonable idea of the cost and work 
load involved. 

If the contemplated work methods ap¬ 
pear to be satisfactory, it often pays to 
check them further by writing brief job 
instructions. If the system tasks involve 
a large volume of repetitive work, it may 
even bo worth while to make a formal 
detailed analysis of the new work meth¬ 
ods planned 


5.6 IMPROVE THE NEW SYSTEM 

There is always room for im¬ 
provement. This is particularly 
true of an untested new system which 
represents a significant departure from 
the way things have been done in the 
past. If the system is at all complex, 
there are bound to be some things 
neglected, some false assumptions, and 
.some errors in reasoning. Also, there are 
usually a number of ways to simplify 
and streamline the system which have 
been overlooked. Ordinarily, many 
worth-while changes can be made and 
occasionally an important improvement. 

Analysis notes containing ideas for 
improvement should be reviewed, and 
previously discarded alternatives should 
be reconsidered. The system should be 
tested with respect to principles of sys- 
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tern and procedure |e»gn (Arts. 6, 7 
and 8) and reviewed for new improve¬ 
ment ideas (Art. 9). Also, it may be 
worth while to apply some of the 
techniques of analysis ‘ (Art. 4) to the 
new system. 

There is, of course, a point of dimin¬ 
ishing returns for any improvement 
effort. However, it is important to 
correct deficiencies and incorporate as 
many improvements as possible before 
submitting the new system for criticism 
and approval. 


5.7 PKEPARE DIAGRAMS OR WRITTEN 
PROCEDURES 

There are two main techniques 
for presenting a proposed new 
system: written procedures and instruc¬ 
tions, and diagrams. Usually, some com¬ 
bination of diagrammed and written 
explanation is most satisfactory. A 
diagram has the advantage of presenting 
a comprehensive summary in a simple 
way, and can be designed to emphasize 
important relationships which are likely 
to get lost in a mass of written words. 
On the other hand, it is often impossible 
to convey basic ideas and definitions ex¬ 
cept in writing. 

5.7.1 Charts and diagrams. Any of 

the types of system analysis charts may 
be appropriate for presenting the pro¬ 
posed system. The two which are most 
likely to be useful are the responsibility 
chart (Fig. 6.5) and the interdepart¬ 
ment flow diagram (Fig. 6.2). If one 
or both of these types of charts were 
sketched during the design process, it is 
a simple matter to redraw them in 
finished form. 

5.7.2 Written procedures and instruc¬ 
tions. In place of diagrams, or to supple¬ 
ment them, a written procedure may be 
desirable. It’should include the follow¬ 
ing: 

1. A clear statement of the purpose 
and scope of the procedure. 

2. Key definitions and policy state¬ 
ments. 

3. A straightforward summary of de¬ 
partmental responsibilities. 
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4. An outline of the procedures and 
how the s>'stem works. 

Details of methods, forms, and equip¬ 
ment should be omitted from this pro¬ 
cedure. It should establish relationships, 
ideas, definitions, and the general scheme 
of the system. It should be designed for 
management-level readers and should 
be suitable for incorporation in eidst- 
ing standard practice or procedure 
manuals. 

To supplement the manual procedure, 
and/or the diagrams, it is often neces¬ 
sary to write out detailed instructions 
for the people who will perform the 
system tasks and their immediate super¬ 
visors. These instructions should explain 
what is to be done, when it is to be 
done, and how it should be done. They 
should establish method as well as local 
procedure. 

P'or very simple systems, diagrams 
may not be justified, and the detailed 
instructions can sometimes be included 
in the manual procedure without making 
it over-complicated. 

5.7.3 Formal presentation serves two 
purposes. The obvious reason for pre¬ 
paring the diagrams or written proce¬ 
dures is to make a favorable but honest 
presentation of the proposed system for 
review, criticism, and ultimate approval 
by those concerned and to aid in the 
installation and subsequent maintenance 
and enforcement of the new system. A 
less obvious but equally important pur¬ 
pose is to make a final review and 
check of the entire system. The process 
of setting down on paper a full ex¬ 
planation of the proposed system should 
not merely be an end in itself, but 
should also serve as a final test and in¬ 
spection of the system. In general, if 
the system is difficult to diagram or 
explain in writing, it will be difficult for 
the people to learn and follow. Also, it 
is a common experience to find ends 
that are dangling, points that have not 
been covered, definitions that are am¬ 
biguous, and numerous fuzzy details that 
lead to doubt and confusion. It is better 
to discover and correct these things 
before presenting the system, if possible, 
and certainly before installing it. 
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S.8 OBTAIN SUGGESTIONS AND UNAL 

APPROVAL 

It is usually best to obtain 

agreement among the supervisors 
affected before soliciting the approval 
of managers and executives. This is 
time consuming, but it has obvious ad¬ 
vantages. The supervisors and the people 
who will do the work are in the best 
position to detect flaws in the system 
and deficiencies in the way it is ex¬ 
plained. Their questions should be 
answered and their suggestions incorpo¬ 
rated before seeking high-level approval. 
Also, if they are consulted first, there is 
likely to be little resistance to the 
installation and enforcement of the new 
system. 

It is usually cheaper and more satis¬ 
factory to obtain at,least tentative agree¬ 
ment and acce])tance and to incorporate 
all worth-while suggestions before in¬ 
stallation. This may require compromises 
as well as acceptance of new ideas. Al¬ 
though it is annoying to rewrite pro¬ 
cedures and redraw diagrams at the last 
minute, this is often less expensive than 
making changes or reselling the system 
after it is installed. 


6 . SYSTEM DESIGN—PROBLEMS 
AND PRECEPTS 

The following is a collection of 
ideas and suggestions dealing with 
some of the perennial problems and basic 
decisions of system design. The objective 
is to point out some ways of solving 
these problems and to develop a basis 
for making certain design decisions. Th6 
importance of these topics in a particu¬ 
lar project depends on the kind of 
system being designed and its complex¬ 
ity. 


6.1 TERMINOLOGIES 

Key terminologies should be care¬ 
fully chosen and clearly defined. 
The choice of words and phrases used 
to denote status or classification or to 


identify items or documents can be a 
source of misunderstanding, error, con¬ 
fusion, and inconsistency. 

For example, in analyzing the pro¬ 
duction control and quality control pro¬ 
cedures of one company, the adjective 
“rework” was used to mean four differ¬ 
ent things. (See Fig. 6.9.) The reasoning 
behind them, and their relative merits, 
were as follows: 

Number 1. Promoted mainly because 
of the simplicity of record keeping. Not 
satisfactory because a unit could be 
recorded as completed new work two or 
more times at the same work station. 

Number 2. Based on the premise that 
rework should not be recorded unless it 
is of a serious nature and might affect 
final quality of the unit. Has same dis¬ 
advantage as Number 1. Also, creates 
a further problem of defining “major” 
and “minor” rework and precludes the 
possibility of clear-cut standard proce¬ 
dures for handling rework units. 

Number S. Based on the idea that 
once a unit is rejected, at any point 
for any cause, it should be identified 
and treated as a bad-quality suspect 
thereafter. The proponents also believed 
the progress and disposition of such 
units should be recorded separately so 
the control records would be based en¬ 
tirely on units which were never re¬ 
jected at all. One weakness is that some 
units would pass through the process 
without ever being recorded as good 
production at one or more work stations. 
For this and other reasons, various 
records and reports would be badly 
biased. 

Number 4- The point of view here is 
that a unit reverts to “,new” status, 
without prejudice, if it successfully 
passes the original point of rejection 
after being reworked. Avoids the dis¬ 
advantages of 1,2, and 3, and provides a 
basis for reporting each unit as new 
W'ork accomplished once, and only once, 
for each work station it passes through. 

The main effects of these four con¬ 
flicting ideas were misunderstandings be¬ 
tween individuals, misinterpretation of 
reports and records, and misuse of 
figures transmitted interdepartmentally. 
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PLIED CONCURRENTLY IN THE SAME COM 
PANY. 
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llie worst resolt was that the work-in* 
process control records and the periodic 
production and inventory reports were 
based on the third concept of “rework.” 
But numerous people using this informa¬ 
tion, including production planning and 
cost accounting, were interpreting it 
according to the last concept. 

Subsequently, the fourth meaning was 
agreed upon by ail concerned, and the 
following set of simple definitions was 
published: 

New work —work that is being done 
for the first time. 

New unit —^a unit at a work station 
for the first time. 

Rework — work that is being done 
Over again. 

Rework unit —a unit in process at a 
work station it has been through be¬ 
fore. 

The reporting procedures were then 
corrected so as to maintain the iden¬ 
tity of “rework” units in a systematic 
way. This made it possible to compute 
consistent and unbiased planning and 
control figures (such as per cent re¬ 
jected and yield factor), to produce 
inventory and production reports which 
were meaningful, and to properly segre¬ 
gate the cost of rework from the cost of 
new work. 

Terminologies which are carelessly 
used in conversation, memoranda, forms, 
and reports tend to become part of the 
language of the system. For instance, the 
term “A.Q.L.” means “acceptable quality 
level,” and is an important concept in 
the field of statistical quality control. 
Unfortunately, the term is sometimes 
used in local situations to mean “aver¬ 
age quality level,” which is quite a 
different thing. Ordinarily, in cases like 
this, an attempt to change local custom 
is not likely to be successful and fre¬ 
quently creates confusion of the type 
illustrated in the “rework” example. In 
other words, the theoretical nicety of 
a terminology and how it is used in 
other companies is not vitally important 
if it is lued consistently and is uni¬ 
versally understood by all those con¬ 
cerned. 


6.2 CLASSIFICATIONB 

The success of many systems de¬ 
pends heavily on the design of 
sound plans for classifying the things 
with which the system deals. This prob¬ 
lem of classification involves the system¬ 
atic segregation of a set of individual 
things (or cases) into distinct groups 
according to conunon characteristics. 
These groups, or classes, need to be de¬ 
fined and named so as to be logical, 
useful, and easily understood. 

6.2.1 Some rules for classification. For 
a system of classification to be complete 
and satisfactory, the following things are 
necessary: 

1. The total range of individual items 
to be classified must be clearly defined 
and limited with respect to kind and 
characteristics. (Defining the range of 
application of the system is the most 
common problem of this type; see Art. 
3.5). Frequently, difficulties of classifica¬ 
tion can be traced directly to lack of 
clear definition of the range of items 
to be classified. For instance, the answer 
to a question of how to treat units 
borrowed from work-in-process for spe¬ 
cial purposes, depends on whether such 
units should be considered in-process or 
out-of-process for the purposes of the 
system. In other words, the first question 
is, What is work-in-process? 

2. The different classes must be mu- 
tually exclusive. That is, there shoidd be 
no overlapping, and each individual item 
to be classified should clearly fall into 
one and only one group. Ordinarily this 
means that the basis of classification 
must be a single characteristic of the 
items. If it is necessary for all the items 
within each group to be homogeneous 
with respect to two or more characteris¬ 
tics, each class must be defined with re¬ 
spect to each characteristic. And this 
should be done in such a way that an 
item failing in one cla® with respect to 
one characteristic will not also fall in 
another class with respfgp^t to another 
characteristic. 

3. Jointly, the various classes should 
cover the defined range. In other words. 
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they should comprise a complete set. 
Thus, any item fallins within the range 
of the classification system must fall 
into one of the established classes. 

In the “rework” case, the classification 
problem was to establish a breakdown 
of units-in-process according to quality 
status and progress. Defining the “re¬ 
work” status necessarily required nam¬ 
ing and defining the “new” status. Then, 
to complete the classification, a “re¬ 
jected” status was defined to cover re¬ 
jected units awaiting disposition as 
“scrap” (out-of-process) or “rework.” 

6.2.2 A simple classification problem. 
In designing a new time reporting and 
control plan for a production work cen¬ 
ter, it was found that within a period of 
one month, ten two-man crews operating 
four machines (2V^ shifts per day) had 
reported “idle” time under fifty-six dif¬ 
ferent descriptions. However, they had 
not reported set-up time, lunch time, 
and crew time spent on periodic machine 
servicing, all of which apparently were 
thrown in with the production time 
charged to jobs in process. Obviously, to 
get consistent and reliable time distribu¬ 
tion data, a well-planned classification 
system was necessary. A master system 
of time classification was devised for all 
machine production work centers, based 
on “equipment capacity hours” (24 
hours per day, 7 days per week, per ma¬ 
chine). The standard breakdown was as 
follows: 

UNSCHEDULED HOURS-No crew 
on duty at machine. 

Lack of orders. 

No crew available. 

Major repairs. 

Excess capacity. 

SCHEDULED HOURS—Crew on duty 
at machine. 

Productive Hours 

Definition: Machine time employed 
to accomplish useful work. 

To be broken down by jobs or 
classes of product worked on. 

Unproductive Hours 
Neceseajpy work delay—crew per¬ 
forming work necessary for con¬ 
tinued operation. 

Wait for crew—i.e., lunch, first aid 
or meeting. 


Service delay—i.e.. wait for tru(&, 
inspector, or tool. 

Wait for order—delay due to lack 
of scheduled work. 

R & M delay—waiting for mainte¬ 
nance man to arrive or to perform 
service or make repair. 

Change set-up—crew changing 

set-up for new job. 

Other delay—(Special classifications 
authorized as necessary). 

Working within this framework, a list 
of authorized standard descriptions for 
unproductive time was prepared and 
posted at each production center along 
with instructions for describing produc¬ 
tive jobs. The operator or crew leader 
was required to report all “scheduled 
hours” in accordance with the standard 
instructions and to refer any unusual 
cases to the shift foreman. 

6.2.3 A more difficult classification 
problem. In a company engaged in re¬ 
search, development, and production of 
a complex line of equipment, the need 
became apiiarent for a system designat¬ 
ing the status of each product model 
with respect to: 

1. Placement of responsibility for 
manufacturing and quality conformance. 

2. Type of control over design and 
manufacturing specifications. 

3. Placement of responsibility for de¬ 
velopment and quality engineering. 

4. Performance specifications and war¬ 
ranty status. 

In the early stages of developing the 
necessary planning and coordination 
procedures, a linear classification system 
was established based on the concept of 
a new product proceeding sequentially 
through four distinct phases from re¬ 
search to standardized mass production. 
Subsequently, it was found to be difficult 
to define or determine just when a par¬ 
ticular model graduated from one class 
to the next. Many models appeared to 
be in two or three classes at the same 
time. The basic difficulty was that 
changes in the four general parameters 
of model progress listed above did not 
coincide in time. This was particularly 
true between technical responsibility and 
manufacturing responsibility. 
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It was believed that to force coordina¬ 
tion of model progress with respect to 
all four of these factors in a rigid way 
would make it difficult to telescope the 
design, quality assurance, and produc¬ 
tion efforts when necessary and would 
therefore create undesirable inflexibility. 
Nevertheless, effective planning and co¬ 
ordination procedures could not be de¬ 
veloped without establishing a sound 
basic plan of product status classifica¬ 
tion. 

To solve this problem, the following 
reasoning was applied* 

1. Manufacturing responsibility for a 
product model must be assigned to one 
of three facilities—research and develop¬ 
ment laboratories, product engineering 
job shops, or production. This responsi¬ 
bility should normally be passed from 
lab to job shop to production. 

2. Development an*d quality engineer¬ 
ing is the responsibility of development 
engineering for a model being built in 
the laboratories, and of product engi¬ 
neering for a model in production. 
Transfer of this responsibility from de¬ 


velopment to product engineering should 
therefore occur during the job shop 
manufacturing phase, as soon as proto¬ 
type performance specifications are ap¬ 
proved. 

3. Performance specifications and 
product warranty should progress 
through four stages: objective (class 
IV), preliminary (class III), prototype 
(class II), and standard (class I). Ob¬ 
jective specifications should be replaced 
by preliminary specifications as soon as 
satisfactory samples are produced. Pre¬ 
liminary specifications should be re¬ 
placed by prototype specifications as 
soon as adequate quality assurance is 
attained. Prototype specifications should 
become standard and the design should 
be placed under control of the engineer¬ 
ing change order system as soon as suf¬ 
ficient manufacturing experience and 
quality history have been accumulated 
in production. 

Figure 6.10 is a diagram of the classi¬ 
fication plan derived from the above line 
of reasoning. Note that each product 
model is to be classified with respect to 


FIG. 6.10 A PRODUCT STATUS CLASSIFICATION PROB¬ 
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each of the four paiimeters of progress 
and status but t^t the four classifica¬ 
tion schemes are integrated in suitable 
ways. However, maximum freedom is 
allowed in the relative timing of changes 
in technical and manufacturing status. 

It can be seen from this example that 
whether or not a system is sound and 
workable may depend very much on the 
solution of an underlying problem of 
classification and terminology. Clearly, 
in this case, the classification plan estab¬ 
lishes the nature and basic purposes of 
the procedures required to attain coordi¬ 
nation and control. 

6.2.4 Indexing classifications and 
symbols. A somewhat different type of 
problem is that of classifying and assign¬ 
ing identification symbols to a large 
variety of items which must be indexed 
in a systematic way. This problem is 
inherent in the design of systems deal¬ 
ing with .such things as drawings, tools, 
capital equipment, accounts, raw materi¬ 
als, forms, employees, and so forth. The 
problem in these cases is to devise a sys¬ 
tem of classes and sub-classes into which 
any present or future item will fit in a 
logical and definite way and to establish 
a system of symbols or abbreviations 
such that each item has a unique identi¬ 
fication code. Usually, it is desirable that 
the symbols should not only identify the 
items and serve as a basis for indexing 
the records in a suitable way, but should 
also provide some descriptive informa¬ 
tion and/or mnemonic aid,* 

Designing an efficient, complete, and 
durable plan of symbols or codes may be 
an intricate and difficult task. But the 
coding scheme is often an important 
factor affecting the cost and effectiveness 
of the system. This is particularly true 
of systems utilizing high speed informa¬ 
tion processing equipment, such as 
punched card machii>es and electronic 
computers. In general, the coding be¬ 
comes more important as the variety 

*For specific information concerning 
classifications and symbols, and the design 
of coding plans, see Cecil Gillespie, Ac¬ 
counting Systema: Procedures and Meth¬ 
ods (New York: Prentice-Hall, Inc., 1061), 
Chapter 6. 
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of items and the frequency of the repeti¬ 
tive system operations become greater, 

6.3 TWO PERENNIAL. QI7BBTIONS OF 

SYSTEM DESIGN 

The following are two questions 

which frequently come up in de¬ 
signing the mechanics of a system. 

6.3.1 Standard procedure versus ol- 
ternative procedures. The same methods 
and procedures should be employed each 
time a similar set of circumstances is 
encountered. But this brings up the 
question of what shall be considered 
"similar circumstances.” 

In general, it is desirable to apply 
standard methods and procedures to all 
cases falling within the range of a sys¬ 
tem. This eliminates the need for choices 
between alternative courses of action. 
Thus, wrong choices are avoided along 
with the time required to make such 
decisions, and the results are more con¬ 
sistent and predictable. In fact, most of 
the benefits of administrative systems 
depend on, or are by-products of, pro¬ 
cedural standardization. But this can 
easily be overdone, and it often is. 

Frequently, it is not economical to 
force all cases through the same pro¬ 
cedures. Common evidence of this is the 
existence of petty cash funds and ap¬ 
propriately simple procedures for han¬ 
dling certain classes of receipts and dis¬ 
bursements, such as purchases and sales 
involving small amounts of money. 
Clearly, it does not make sense to re¬ 
quire the expenditure of $10 to $20 
worth of administrative effort to pur¬ 
chase a $1 item or to sell some postage 
stamps to an employee. Unfortunately, 
the justification for an alternative pro¬ 
cedure is not always this clear. 

A slightly different kind of question of 
this type is whether or not a standard 
procedure should be enforced under ex¬ 
treme circiunstances. For example, a 
procedure for reporting the transfer of 
capital equipment from one building to 
another, or from the responsibility of 
one department to another, was designed 
for the normal case of oecasional trans- 
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f<jrs of one or two items. Then, for mov¬ 
ing a large amount of equipment from 
one plant to another, provision was 
made for transferring up to 25 small 
items packed in the same box using one 
“transfer tag" supplemented by a pack¬ 
ing list. Thus the basic procedure for 
transfer notification remained in force 
for these mass moves, but a simplifica¬ 
tion of the paperwork was permitted. 

Sometimes an alternative procedure 
may cause more trouble than it is w'orth. 
For example, consider the following 
situation. The^finished goods inventory 
is under the physical control of the ship¬ 
ping department, but the authority for 
releasing product units is assigned to 
the sales department. Frequently, fin¬ 
ished units must be withdrawn from 
stock for modification, retesting, or for 
temporary use for special purposes. The 
standard procedures* for releasing and 
returning finished-stock units originally 
were consistent with the procedures for 
other inter-departmental transfers of 
product. Thus, all additions (and re¬ 
turns) to stock w'ere reported by “trans¬ 
fer list,” and all releases from stock 
were authorized and effected either by 
shipping ticket or by transfer list. Sub¬ 
sequently, a simplified informal proce¬ 
dure was instigated for “borrowing” 
items from stock. In this case, it soon 
became apparent that the di.sadvantages 
of the alternative procedure outweighed 
the advantage of slightly less paperwork. 
It was not clear which cases should be 
treated as “borrowing,” and in several 
other ways the existence of two proce¬ 
dures caused confusion, errors, and diflS- 
culty in reconciling records. 

In designing the sj'stem in Example I 
(Art. 1.4), consideration was given to 
the idea of providing a special procedure 
for issuing a standard tool permanently 
to a machine on which it would be used 
for many different jobs. Under this pro¬ 
cedure, a tool would be issued against 
a requisition signed by a foreman. No 
tool tag would be required, and no rec¬ 
ord would be kept of the location of 
that copy of the tool. The requisition 
slip would be used by the crib attendant 
to authorize fabrication of another copy 


of the tool to replenish the crib supply 
The question here was whether or not 
continuous control should be maintained 
for all copies of all standard tools in 
existence or w-hether exceptions should 
be made in certain cases. Although the 
suggestion had considerable merit, it was 
finally dropped in favor of the single 
uniform procedure for issuing standard 
tools. 

6.3.2 Multiple-item or single-item pro¬ 
cedure? In many procedures, one of the 
first decisions to be made is what shall 
be the normal unit of system work—^a 
.«ingle item, a group of items of one class, 
or any assortment of items requiring 
similar action at the same time? For 
cxam[)le, in designing a parts and ma¬ 
terials procurement system, there is the 
po.-^.sibility of restricting each purchase 
order to a single item. For non-catalog 
itcm.s (subcontracted parts and subas¬ 
semblies), copies of single-item purchase 
orders may then be sorted, processed, 
and filed by part number in all depart¬ 
ments affected (such as planning, pro¬ 
duction control, and quality control, as 
well as purchasing). Whereas multiple- 
item purchase orders could save some 
time and paper in purchasing, they 
might have to be broken down and 
transcribed onto individual part-number 
records in several other departments, 
and the over-all cost would be excessive. 
On the other hand, purchase orders for 
raw materials, commercial parts, and 
supplies might be handled most effi¬ 
ciently by combining as many similar 
items as possible on each purchase 
order. 

In general, multiple-item procedures 
,are desirable and efficient if they are 
properly designed. Some of the things 
which should be given careful considera¬ 
tion are as follows: 

1. If any single item in a list cannot 
be treated in the normal manner, either 
the processing of the remaining items is 
delayed or supplementary paperwork is 
required. An example of tffis was cited 
in Art. 2.2. 

2. A multiple-item document must 
remain in active status in the various 
files and records, and be included in all 
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tabulations, and the like, until the last 
action is completed on the last item. 

3. If the items need to be treated indi¬ 
vidually or sorted into another classifica¬ 
tion, at one or more subsequent points, 
the advantages of the original grouping 
may be more than offset by the cost of 
transcribing or using poorly classified 
data for these other purposes. 

In many cases, single-item records 
may cost a little more to ori^nate than 
a list, but will pay off handsomely in the 
long run. Not only can the set of indi¬ 
vidual records be sorted into any classi¬ 
fication, and re-sorted into different clas¬ 
sifications for different purposes, but 
also items can be added and deleted 
readily. For example, a log sheet record 
of joIk in process can become extremely 
unwieldy if there is considerable varia¬ 
tion in time-in-process. Currently active 
jobs are then scattered among many 
pages of completed jobs. Also, the clas¬ 
sification of items in such a list is ordi¬ 
narily restricted to chronological or nu¬ 
merical sequence. For many purposes 
this is quite appropriate and perfectly 
satisfactory, but frequently it is not. 

Work-in-process control systems are 
sometimes based on unrealistic assump¬ 
tions about the processing of multiple- 
item paperwork. The usual results are 
excessive cost and paperwork delay. For 
example, a dispatching and control 
scheme for a complex mechanical prod¬ 
uct was set up on a lot-by-lot basis. 
This proved to be unsatisfactory because 
a large percentage of the individual 
items were reworked or given special 
processing one or more times. Therefore, 
"spht lots” were the rule rather than the 
exception, and for lots of more than two 
items excessive supplementary paper¬ 
work was required. Clearly, multiple- 
item procedures were not appropriate 
in this case. 


6,4 DEiSlGN 70B THB MAIN VOLUME OF 
WORK 

Many systems have failed to 
achieve maximum economy and 
effectiveness because their design was 
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too heavily influenced by branehline 
procedures, special cases, or extreme 
variations which occur infrequently. 

Economy in secondary procedures 
should not be had at the expense of the 
mainline procedures. For example, in 
planning quality control procedures 
which deal with the results of inspection, 
it is helpful to keep in mind that for the 
large bulk of the cases the result is ac¬ 
ceptance rather than rejection. Thus, 
it is quite appropriate for the basic 
paperwork to be designed for the effi¬ 
cient treatment of inspections which fail 
to turn up any defects, and to provide 
supplementary procedures and forms to 
handle the important, but less frequent 
cases of rejection. Here, the decisions 
and actions required in the minority case 
are considerably more complicated and 
require recording, transmitting, and us¬ 
ing information which is not otherwise 
necessary. Unfortunately, forms and 
procedures are often designed which re¬ 
quire unnecessary work in most of the 
cases in order to simplify treatment of 
the exceptions. Such examples are not 
limited to the field of quality control. 

The same problem comes up in a 
slightly different form in systems cover¬ 
ing a wide range of items or cases which 
differ in various ways. Procedures relat¬ 
ing to capital equipment (see Art. 3.5.3) 
are an example of this. Any procedures 
which are to cover the whole range of 
capital equipment must be sufficiently 
adaptable to accommodate unusual and 
extreme items but should be designed 
primarily for efficient processing of the 
main bidk of items which are “typical” 
with respect to method of acquisition, 
value, physical characteristics, and other 
parameters. Special cross-classifications 
which represent a small fraction of the 
total, such as government-owned or 
rented equipment, for example, should 
not unduly influence the basic proce¬ 
dures. It may be better to provide sup¬ 
plementary procedures and forms for 
such special classes of items. If the prod¬ 
uct line of the company is varied, pro¬ 
cedures for functions such as production 
control can become exceptionally un¬ 
wieldy and expensive if they are de- 
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signed primarily for the more difficult 
cases. Here again the best approach may 
be to establish a basic pattern for the 
system and then elaborate the proce¬ 
dures for extreme items as necessary. 

There are usually a number of quan¬ 
titative variables which affect the sys¬ 
tem design. For example, the number of 
jobs recorded on daily time cards, the 
relative magnitude of factory orders, or 
the distribution of system workload by 
hours, days, or months. In general, it is 
better to make special provision for the 
extreme cases than to over-simplify 
or over-complicate the procedures and 
forms for the run of the work. 


6.5 ADMINISTRATIVE CONTROL 

There are two general ways of con¬ 
trolling the results of a delegated 
activity. The most obvious is to require 
the prior review and approval of the 
responsible executive- for each occur¬ 
rence of certain specified events. The 
other approach is to allow decisions to 
be made and actions to be taken in 
accordance with predetermined plans 
and to provide for reviewing and check¬ 
ing the results. The essential difference 
is the degree to which authority is dele¬ 
gated. Both techniques are useful, effec¬ 
tive, and efficient under appropriate cir¬ 
cumstances. Prior approval tends to be 
more suitable when the event being con¬ 
trolled has an important monetary sig¬ 
nificance, and the frequency of occur¬ 
rence is small. Subsequent review is 
likely to be more desirable when the 
repetition rate is high and the possible 
consequences of each case are less seri¬ 
ous. 

6.5.1 Use prior approval sparingly. 

There is a strong tendency to require 
prior approval of repetitive actions 
where the delay and the necessary exec¬ 
utive time are not warranted. For exam¬ 
ple, plant manager review of all pur¬ 
chase requisitions, regardless of the na¬ 
ture of the item or the amount of money 
involved, is a relatively expensive and 
unsatisfactory method of controlling ex¬ 
penditures. Nor is it likely to be worth 


while for a company officer to review all 
outgoing correspondence in an effort to 
protect public relations and avoid un¬ 
intended conunitments. Such procedures 
reflect inability or reluctance to delegate 
authority properly, either because of 
lack of confidence in subordinates or 
because subordinates are unwilling, for 
various reasons, to assume full respon¬ 
sibility. 

Prior approval procedures are often 
instigated by persons other than the 
approver or his subordinates. Not un¬ 
commonly, the motive is self-protection 
rather than benefit to the company. The 
case cited in Art. 2.3 is an example of 
this. 

A common mistake is to assume that 
checking each case beforehand will ac¬ 
complish the desired control. For exam¬ 
ple, executive approval of each new hire, 
promotion, raise, and transfer does not 
provide assurance that the total work 
force will remain commensurate with 
production, sales, and income. Here, in¬ 
dividual prior approval may be well 
worth while, but it should be supple¬ 
mented with a less detailed comparison 
of over-all results against plans. Or, all 
such changes proposed each month 
might be submitted for approval at one 
time together with an appropriate con¬ 
trol report, so that both the immediate 
direct effects and the long-run total 
effects can be considered simultaneously. 

6.5.2 Control by subsequent review. 
Control of delegated activities by peri¬ 
odic review of results is effected by com. 
paring actual performance with that 
which was intended and taking action 
with respect to significant differences.* 
Necessarily, predetermined plans must 
establish goals and standards of perform¬ 
ance as well as policy, procedure, and 
organization. If an appraisal of ronilts 
is to be meaningful, it is essential that 
both the reviewer and the reviewed have 
a clear and common understanding of 
what is expected. 

Most schemes for subsequent-review 
control invoke the principle of manf^BD- 


* Newman, Administrative Action, Chap¬ 
ter 23. 
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m«it by exception. Thus, the reviewer 
concentrates attention on the important 
deviations, both good and bad. Obvi¬ 
ously, when undesirable events occur, 
appropriate corrective action must be 
t^en to minimize the consequences and 
to reduce the probability of their recur¬ 
ring. Otherwise, the entire process is 
worthless ritual. 

6.5.3 Administrative control mecha¬ 
nisms. The procedures, methods, and 
forms for implementing an administra¬ 
tive control should be designed to fit the 
situation. In most cases, the possibilities 
are innumerable; there is seldom an obvi¬ 
ous answer. One approach is to invent 
a suitable scheme, working from basic 
ideas and applying available knowledge 
of system techniques and devices. An¬ 
other is to adopt a plan which has been 
successful in a similar case and modify 
it to suit the special conditions of the 
immediate problem. 

The mechanisms by which control sys¬ 
tems accomplish managerial purposes 
are similar in many respects to the 
methods of controlling errors, omissions, 
and delays within a system, which are 
discussed in Art. 7. More specific in¬ 
formation concerning system devices 
and methods is presented in Art. 12. 


6.6 AN APPROACH TO SYSTEM DESIGN 
DECISIONS 

Many decisions must be made in 
planning and designing a system. 
Each such decision involves a choice 
between two or more alternatives. The 
objective in each case should be to select 
the alternative which will be most eco¬ 
nomical for the company as a whole in 
the long run. 

The differences between system design 
alternatives are likely to be numerous. 
In other words, many different kinds of 
future receipts and disbursements of the 
company may be affected by the deci¬ 
sion. In addition, there are likely to be 
secondary effects on the costs and bene¬ 
fits of related systems. Of course, all sys¬ 
tem design decisions should be made 
frtnn the viewpoint of what is best for 
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the company as a whole rather than 
from the viewpoint of what is best for a 
single person, department, or system 
Also, because systems and procedures 
tend to be self-perpetuating, it is impor¬ 
tant to consider the long-run as well as 
the immediate future. If a design deci¬ 
sion must be based mainly on short-run 
considerations, it should be so qualified, 
and provision should be made for re¬ 
viewing the system when conditions 
change. 

One or more of the benefits of a sys¬ 
tem may lie in minimizing the proba¬ 
bility of an undesirable event. A design 
decision may affect such a benefit in 
either or both of two ways. It may 
change the probability that the event 
will occur (in any one year, for exam¬ 
ple), and/or it may affect the value of 
the loss which will* result if the event 
does occur. It is necessary to judge both 
factors for each alternative in order to 
evaluate the net difference between the 
alternatives. 

In gene.al, all system design decisions 
should be approached from the economy 
study viewpoint,* even though it may be 
necessary to base many choices on rela¬ 
tively rough informal estimates. 


7. BUILDING ASSURANCE INT3 
THE SYSTEM 

One of the main objectives of sys¬ 
tem design is to provide adequate 
assurance that poor decisions, errors, 
omissions, delays, and other syste.m fail¬ 
ures will not have serious consequences. 
To achieve‘this, the following things can 
be done. 

1. Design the system so as to: 

A. Minimize opportunities for fail¬ 
ures—i.e., minimize their probability 
of occurrence, 

B. Provide methods and procedures 
for detecting and correcting all the im¬ 
portant kinds of failures which can be 
anticipated. 

*See Section 3. Also Grant, Principlei 
of Engineering Economy, 3rd ed.. Chap¬ 
ters 1,2, and 11. 
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2. Design critical procedures so as to 
minimize the effects of inherent human 
fallibility. (See Art. 8.) 

7.1 SOME WAYS TO ELIMINATE 
SOURCES OF SYSTEM FAIL¬ 
URES 

1. Avoid transcribing information. 
Each time an item of information 
is transcribed from one document to 
another, or from one medium to another, 
there is an opportunity for error. These 
often can be eliminated by providing 
duplicate copies of original records for 
all necessary uses. 

2. Avoid the use of biased informa¬ 
tion. For example, if the only alternative 
to charging time to direct labor jobs is 
to report it under the description “idle 
time," a considerable amount of indirect 
labor will be reported as direct labor. In 
other cases, information may be biased 
unintentionally. For example, process 
yield figures used for planning parts pro¬ 
curement and release would be pessimisti¬ 
cally biased if based on rejections re¬ 
ported rather than actual scrap. 

3. Use first-hand information. It is 
frequently tempting to use available in¬ 
formation for purposes for which it is 
inappropriate and was never intended. 
The misuse of accounting figures in mak¬ 
ing administrative decisions is probably 
the most typical mistake of this kind. 
Secondhand information may be badly 
biased, out of date, not sufficiently ac¬ 
curate, or it may be something other 
than what it is assumed to be. It is 
better to use source information w’her- 
ever possible unless it is unduly expen¬ 
sive. 

4. Avoid accumulation of residual 
errors. For example, a running balance 
of purchase order commitments was 
brought up to date each week bj' adding 
the total amount of new orders and sub¬ 
tracting the amount paid against opien 
orders. Of course, all undetected errors 
were carried forward indefinitely in the 
running balance. A similar difficulty is 
encountered with many pei-petual in¬ 
ventory records. 

5. Avoid biased decisions. There are 
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many factors, other than personal and 
social, which may undesirably influence 
repetitive decisions. Examples are pres¬ 
sure of time, misdirect^ budgetary 
incentives, extraneous information, in¬ 
correct methods of computation, and 
illogical methods of analysis. Such fac¬ 
tors can often be eliminated, or their 
effects minimized, by proper design of 
the system. 

6. Don’t oversimplify complex deci¬ 
sion-making steps. When a certain type 
of decision must be made many times, 
there is a tendency to resort to habit, 
rule of thumb, or a mechanical method 
employing a formula, chart, or graph. 
Common examples are decisions about 
purchase quantities, lot sizes, budgets, 
schedules, estimates, and price quota¬ 
tions. Although it is important to mini¬ 
mize the cost of making such decisions, 
it is more important that the decisions 
be reasonably good. 

7.2 SYSTEM FAILURES SHOULD BE 
EXPECTED 

Regardless of how well a system is 
designed, poor decisions, errors, 
and omissions are virtually inevitable. 
There is always a considerable difference 
between theoretical and actual results. 
In fact, it is not reasonable to expect 
otherwise—if no failures occur, the sys¬ 
tem is undoubtedly too elaborate and 
expensive. 

Beginning with the premise that fail¬ 
ures will occur, the first problem is to 
predict, from local experience and analy- 
S 1 .S, what kinds they will be, and at 
what point each will originate. The next 
problem is to establish mechanisms to 
disclose and counteract these expected 
failures and to reduce the chances ol 
their recurring. Of course, the methods 
and procedures for doing this must cost 
less than they save. 

7.3 AUTOMATIC CORRECTION OP SYS¬ 

TEM FAILURES 

One of the best defenses against 
an expected type of failure is to 
design the system so that the effects of 
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such failures will autoRoatically be eliim> 
Dated in the normal course of the system 
operation. This can be done in certain 
kinds of situations by having new plans 
supersede previous plans (or the latest 
information supersede previous informa> 
tion). The point of view applied here is 
that the information used in making 
present decisions about courses of action 
and plans should be the most current 
available data concerning present status 
and future events. Such decisions may 
be guided by, but should not be based 
solely upon, historical data which may 
be out-of-date or contain previous errors 
or information which is not pertinent. 
Following are some examples of the ap¬ 
plication of these ideas to assurance 
problems of system design. 

An alternative to the method of de¬ 
termining the amount of money com¬ 
mitted against open purchase orders 
described in Art. 7.1 would be to run a 
tabulation of the actual open orders. 
For the same amount of clerical work, a 
reliable figure could be derived quar¬ 
terly, or perhaps monthly, directly from 
this current and reliable source of infor¬ 
mation. 

The idea of superseding previous 
plans with new plans which start im¬ 
mediately is illustrated in the order- 
filling system of a large mail-order 
house. Merchandise picking and assem¬ 
bly by orders is planned and controlled 
by a block scheduling technique. Work 
is scheduled in 20-minute blocks, and 
that which is not accomplished in the 
expired period is automatically incor¬ 
porated into the plans of a subsequent 
period. 

Materials control schemes wherein 
new orders are initiated to replenish 
stock according to the results indented 
by cumulative perpetual inventory rec¬ 
ords are always vulnerable to errors and 
delays in transmitting and recording in¬ 
formation about withdrawals and addi¬ 
tions to stock. An alternative (or sup¬ 
plementary) technique for eliminating 
the effects of such errors is to determine 
(or verify) the actual quantity on hand 
Erectly from the point of storage. For 
example, if notice is received from the 


PA 

stores clerk that a minimum supply 
package was opened at a certain time, 
this is a positive piece of information 
which is independent of that derived 
from the receiving reports and stores 
requisitions. 


7.4 SYSTEMATIC DIBCLOBUBB OF SYS¬ 
TEM FAILURES 

Where automatic correction is not 

feasible, the alternative is to pro¬ 
vide suitably reliable means of disclosing 
the system failures and initiating appro¬ 
priate corrective action. 

7.4.1 Detecting omission of a task or 
procedure. In Example II (Art. 1.4), 
assurance against failure to debit a 
vendor for returned parts is provided by 
serial number control of the Rejection- 
notice — Shipping-ticket — Debit-memo 
form. For each debit memo received in 
accounts payable, the date of receipt is 
recorded opposite that serial number on 
a preprinted number list. If a serial 
number is skipped and remains out¬ 
standing more than ten days, follow-up 
inquiry is made by telephone. 

Another technique is to require 
matching of documents, such as invoices 
with receiving reports, inspection re¬ 
ports with interdepartmental transfers, 
and requisitions with purchase orders. 
These matching operations are not only 
useful in detecting omissions, but also 
provide an opportunity for various in¬ 
formation checks. 

7.4.2 Failure-detecting mechanisms 
should be as automatic as possible. 

Sometimes a system can be designed so 
that the detection of an important type 
of failure in inherent in the normal oper¬ 
ation of the system. In Exarople I (Art. 
1.4), a chronic shortage of copies of any 
one tool in virtually impossible because 
each time a tool is requested and not 
available i a the crib, action is automati¬ 
cally initiiited through the foreman, not 
only to solve the immediate problem, 
but also to correct the basic cause of 
difficulty. The type of action the fore¬ 
man should take is indicated by the tags 
and chec:ks hanging on the section of 
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rack for that ,tool. This general idea of 
automatic disclosure of errors, omissions, 
delays, and deviations is the basic prin¬ 
ciple on which numerous devices for 
scheduling, follow-up, and control are 
designed. (See Art. 12.) 

7.5 THU BALANCE-CHECKING TBCH- 
NIQITE OF CONTROL AND ERROR 
DETECTION 

Wherever control information can 
be reduced to quantitative form, 
there is the posdbility that certain kinds 
of system failures can be detected by a 
routine or periodic balance-check. The 
basis of this method is an equation; 
the check is obtained by determining 
whether or not the equation is in balance 
at a particular time. If a difference is 
found, corrective action can be taken to 
reconcile it and eliminate its cause. 

The most common example of the use 
of the balancing method for error detec¬ 
tion is the double-entry scheme of re¬ 
cording transactions in accounting ledg¬ 
ers, wherein two equations are main¬ 
tained in balance simultaneously (assets 
— liabilities = ownership, and total deb¬ 
its = total credits). A large variety of 
mistakes, errors, and omissions can be 
detected by checking the balance of 
these two equations for a general ledger. 
This principle of equation balancing is 
very widely applicable in the design of 
administrative controls, as well as in 
methods of detecting clerical errors. Ap¬ 
plications of two of the most useful 
types of equations are described below. 

7.5.1 The fixed-sum equation. Prob¬ 
ably the most common type equation 
used in systems work is: 

(Sum of the parts) = (Total) 

where t^e total is either a fixed quantity 
or can readily be determined by physi¬ 
cal count Of observation. Examples are 
as follows: 

In Example I, provision is made for 
detecting the loss of a tool, so that it 
can be relocated or replaced, by periodi¬ 
cally checking the bailee of the follow¬ 
ing equation for each tool: 


(Clopies in rack) + (Copies at grinder) 
+ (Copies signed out) = (Total 
quantity) 

Here the '^total" is the stock quantity, 
which is recorded on the bin labd. 
Notice that this check would not be- 
available without the “At Grinder” 
checks. (See Fig. 6.1 and 6.8). In gen¬ 
eral, if any term or factor of a control 
equation is missing, or its value is as¬ 
sumed or derived from the equation 
itself, a satisfactory check is not possible. 

Another example of a balance check 
is illustrated in Fig. 6.11. The total 
hours for the time report period (33.0) 
is the sum of the daily to^s. The stun 
of the hours distributed to jobs and 
accounts must add back to this figure. 
Thus there is a check on the arithmetical 
accuracy of each time card, which also 
provides assurance that all the employ¬ 
ees’ time is accounted for each week. 
Note that this does not protect against 
improper distribution of the total time. 

7.5.2 The input-output equation. The 
second most useful type of balancing 
equation is: 

(Starting balance) -1- (Quantities in) — 
(Quantities out) = (Ending balance) 

This equation is the basis of any quanti¬ 
tative control record of materials or 
things of the same classification or sta¬ 
tus. The key idea here is that the bal- 
lance at a particular moment is the dif¬ 
ference between what has gone in and 
what has come out. Thus, if all additions 
and withdrawals are recorded accurately 
and without undue delay, the control 
record balance should equal the actual 
balance. The primary check is obtained 
by comparing the derived balance 
against the actual, as determined by 
observation or other direct means. A 
secondary order of checks on the accu¬ 
racy of the system tasks can be obtained 
by simultaneous application of the bal¬ 
ancing equation using group totals in 
place of individual transaction quanti¬ 
ties. If the results do not agree, error 
is sought out and corrected. 

The most obvious application of this 
input-output equation is in the control 
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FIG. 6.11 EXAMPLE OF A BALANCE CHECK INCOR¬ 
PORATED INTO THE DESIGN OF A FORM. 


of inventories, such as finished goods, other inventories which are not only 
parts, materials, supplies, tools, and highly active, but also are often classi- 
equipment. Another general area of use lied according to status as well as physi- 
ia in the control of work-in-process and cal location. 
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For example, consider a six-stage proc¬ 
ess through which the basic part of a 
product passes while other parts and 
materials are joined with it to make a 
finished unit. Clearly, the above equa¬ 
tion applies to this process as a whole. 
The parts and materials fed in, less the 
scrap and finished units turned out, 
should be the balance in process. (Tech¬ 
nical difficulties may be encountered 
with respect to units recirculated within 
the process, units borrowed and re¬ 
turned, and units held in doubtful sta¬ 
tus, but these things can be provided 
for.) To go further, this control equa¬ 
tion can be applied to each of the six 
stages of the process in sequential fash¬ 
ion, providing the basis for various in¬ 
ternal controls as well as accuracy 
checks. 

Application of thi^ input-output equa¬ 
tion to a single operation is sometimes 
complicated by the difficulty of measur¬ 
ing one of the minor quantities. For 
example, in many processing operations, 
the practical measure of quantity is 
weight rather than count. An extraneous 
factor affecting weight, such as oil, oxy¬ 
gen, or other material “picked up,” or 
volatile material “lost,” throws an un¬ 
known into the equation. Usually, the 
appropriate solution is to solve for this 
unknown for each lot or each period of 
time, and to compare this derived quan¬ 
tity with an expectation based on past 
e.\perience. Significant deviations can 
then be investigated. 

In the ordinary applications of this 
equation, timing may be a very real 
problem. All transfers w'hich actually 
occur prior to the time the balance is 
verified (by physical count, for exam¬ 
ple) should be taken into account in 
computing the closing balance on the 
control record, and subsequent transfers 
should not. The answer is to establish 
a definite cut-off date and time and 
make sure that the actual effective time 
of each transfer is recorded. 

Another problem, often more impor¬ 
tant, is providing assurance that the in¬ 
formation flowing into the control record 
is complete as well as accurate, and is 
received in time to be of value. The con¬ 


trol mechanism itself provides a way to 
check this, but if the information is typi¬ 
cally afflicted with errors, omissions, and 
delays, maintenance of the control rec¬ 
ord may become ritual instead of useful 
work. The reconciliation of differences 
may degenerate to merely adjusting the 
record, which is then merely a source of 
information of doubtful reliability. 


7.6 OTHER METHODS OF CHECKING AND 

CONTROLLING SYSTEM RESULTS 

The methods discussed in Arts. 7.4 

and 7.5 frequently can be so inte¬ 
grated with the essential tasks of the 
system as to require very little addi¬ 
tional work. By contrast, the methods 
described below ordinarily require sup¬ 
plementary procedures. 

7.6.1 Review of results. A general 
method of protecting against system 
failures is to review key documents at 
appropriate points in the system proc¬ 
ess. Apparent mistakes, unusual devia¬ 
tions, impossible or improbable answ-ers, 
and incorrect decisions often can be 
spotted by this method. Such review 
.«hould ordinarily be carried out by 
someone other than those who did the 
original W’ork, usually a supervisor. Un¬ 
fortunately, many such review opera¬ 
tions are expensive in time and effort 
and yield very little benefit. So-called 
“rubber stamp” approvals fall in this 
category. On the other hand, reviewing 
can be very profitable if it is well 
planned, sufficiently selective, and prop- 
perly done. 

7.6.2 Work repetition. Sometimes, the 
accuracy and completeness with which 
a clerical task is performed cannot be 
checked satisfactorily except by repeat¬ 
ing the w’ork. A straightforward example 
is the use of the verifying-punch opera¬ 
tion to check the coding and preparation 
of information for machine processing. 
In this case, the entire task is repeated 
in a very similar way by a different 
operator. Another variation of the full- 
rejietition method of checking is to have 
the same task performed independently 
by different people, and preferably by 
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different methods, and then to com¬ 
pare the results. More commonly, repe¬ 
tition checking is done only on selected 
parts of key tasks, and is accomplished 
by considerably simpler methods than 
those employed in the original task. In 
general, checking by full or partial repe¬ 
tition is most effective if the checking 
operation is as independent as possible 
with respect to method, operator, and 
sources of information. 

7.6.3 Sampling methods. Frequently, 
a much better answer to problems of 
detecting and eliminating or controlling 
system failures is to check properly 
selected samples of the system work and 
apply appropriate statistical methods. 
Better results and/or less cost can often 
be achieved by this approach. In gen¬ 
eral, statistical techniques can be em¬ 
ployed effectively to isolate and diagnose 
causes of trouble which can be elimi¬ 
nated, and to control within tolerable 
limits those kinds of trouble which are 
inherent in the system. Of particular 
value for this are the techniques of 
statistical quality control.* Although 
originally developed for problems of 
manufactured quality, these methods are 
suitable and powerful tools which are 
rapidly spreading in application into 
areas such as this. 


7.7 MINIMIZING SYSTEM TIMB-IN- 
PROCESS 

One objective of system design is 
to minimize the time required to 
process documents, obtain decisions, 
produce reports, and accomplish other 
system functions. This is particularly 
important in systems dealing with cus¬ 
tomers and vendors and in systems for 
internal control. Following are some of 

* See Eugene L. Grant. Statistical 
Quality Control (New York: McGraw-Hill 
Book Company, Inc., 1946). Also, Robert 
K. Mueller, Effective Management 
Through Probability Controls (A Modem 
Industry book) (New York: Funk & 
Wagnails Co., 1950). Refer also to Sections 
13 and 14. 
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the things which can be done in deign¬ 
ing a system to hdp minimize time lag. 

1. Keep the eyatem process simple. 
Omit borderline operations, approvals, 
reviews, transmittals, and storages of the 
system documents. Combine related 
steps where possible. Involve as few 
people as possible. 

2. Plan simultaneous procedures. If 
possible, split long sequences into two 
or more parts for concurrent action. 

3. Design procedures properly. (See 
Art. 8.) 

4. Fix responsibility for the time of 
each step. Establish deadlines for spe¬ 
cific people and departments. Provide 
for recording the time at which key 
steps are completed—for example, re¬ 
quire recipients of routed documents to 
sign off with both initials and date. 

6. Provide for follow-up. Establish 
control points so that progress can be 
determined and delayed items located. 
Utilize a suitable reminder mechanism 
for initiating follow-up. Place follow-up 
responsibility with the person or group 
most concerned. 

One danger of these anti-delay tech¬ 
niques is that if they are not properly 
applied they can be unduly expensive 
and may even increase the system 
time. 


8 . SOME PRINCIPLES OF PROCE¬ 
DURE DESIGN 

A fundamental problem in the de¬ 
sign of an administrative system is 
to facilitate correct and proper action 
of the individuals involved in its opera¬ 
tion and to promote satisfactory timing 
of these actions in accordance with pre¬ 
determined plans. The solution to this 
problem is to devise procedures which 
take maximum advantage of the unique 
abilities of human beings but are realistic 
with respect to their inherent fallibili¬ 
ties. Weak procedures amplify human 
weaknesses and foster mistakes, poor 
decisions, omissions, and delays. Well- 
designed procedures help the employees 
avoid such failures. 
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8.1 PROCEDUBES ARE FOR PEOPLE 

This simple statement adds little 

to the meaning of the word •pro¬ 
cedures, but it is the key to adequate 
understanding of certain problems of 
their design. Procedures are plans for 
expending human effort and time to 
get things done. They are prescribed 
courses of action to be interpreted and 
followed by people. They should be de¬ 
signed to suit the requirements and 
peculiarities of human beings. 

There is a tendency to assume ma¬ 
chine-like qualities tW people rarely 
possess and to ignore human qualities 
that commonly do exist. Machines think 
only in predetermined ways. They usu¬ 
ally do what they are designed and in¬ 
structed to do—promptly and faithfully, 
and in many cases continuously, with¬ 
out becoming tired or distracted or fail¬ 
ing to remember information or method. 
Machines and devices thrive on repet¬ 
itive standard chores; they are not 
inventive or creative. They tend to be 
accurate and reliable, and to possess 
exact memories. They lack emotions, and 
are capable of only preplanned dis¬ 
cretion and judgment. In general, human 
beings are considerably different, and 
this should be recognized in designing 
procedures. 

Procedures based on unrealistic as¬ 
sumptions about the expected perform¬ 
ance of the people in the system are 
undesirable for two reasons. Directly, 
they cause mistakes, delays, and other 
system failures. Indirectly, they cause 
trouble because the individuals responsi¬ 
ble for carrying them out are blamed 
for many failures which are inherent in 
the system. 


8.2 A SYSTEM IS NO STRONGER THAN 
ITS WEAKEST LINK 

The operation of a system depends 
upon a series of actions, each 
touching off and providing information 
for the next. An error or mistake at one 
point is usually relayed down the line. 


An omission or delay at any point stops 
the flow. 

For the purposes of this article, at 
least, it is desirable to attach a somewhat 
more definite and limiting meaning to 
the word procedure. In this concept, a 
procedure is a set of related actions to 
be performed in a continuous sequence 
without interruption by one person or 
a team of people working closely to¬ 
gether. 

A significant interruption in the sys¬ 
tem process is then the termination of 
one procedure and the starting point of 
another. At this point, the chain of ac¬ 
tions is broken and progress must be 
re-initiated. In other words, interrup¬ 
tions create gaps between procedures. 
These gaps must be bridged for each 
item or case processed through the 
system. At each of these gaps, some 
mechanism should be built into the up¬ 
stream procedure to initiate the start 
of the downstream procedure. If this is 
not practicable, then the downstream 
procedure must be self-starting. 

It is equally important to provide as¬ 
surance that each procedure will be 
carried through once it is initiated. A 
breakdown within any one procedure 
in the chain has the same effect as a 
break between procedures—progress is 
halted for that item or case. 


8.3 PROCEDURE ANALYSIS OF EX¬ 
AMPLE I 

The basic cycle of Example I (Art. 

1.4) can be viewed as consisting of 
the four procedures described below. 
(See Fig. 6.8, Art. 4.5.) 

1. Machine Operator and Crib At¬ 
tendant: Issuing a tool from crib to 
shop, and recording its change of loca¬ 
tion. 

2. Machine Operator and Crib At¬ 
tendant: Returning a tool from shop 
to crib, and recording its return and 
pending dispatch to tool grinding. 

3. Tool Grinder: Picking up returned 
tools at crib for inspection and sharpen¬ 
ing. 
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4. Tool Grinder and Crib Attend¬ 
ant: Returning sharpened tools to the 
crib and recording their return. 

Each of these four procedures is a 
logical series of related actions occurring 
without significant interruption. Between 
these procedures there are gaps in time 
and continuity. 

Successful achievement of the pur¬ 
poses and objectives of this system de¬ 
pend, in the long run, on tools being 
available in the crib when they are 
needed. If frequently they are not, tools 
will be withheld and sharpened in the 
shop, and other ways of circumventing 
the system will soon become common 
practice. Therefore, procedures 2, 3, and 
4 must not fail very often. 


8.4 PROCEDURES MUST BE SURE- 
STARTING 

The first requirement for the per¬ 
formance of a procedure is that 
the need for action must be brought 
to the attention of the proper person at 
the proper time. This means at a time 
when the task can be performed and 
the person is able to do it. A reminder 
which acts at an inappropriate moment 
is of little help. 

8.4.1 Initiating scheduled procedures. 

When a certain procedure must be per¬ 
formed at some future time, it is usually 
necessary to set up a reliable reminder 
to initiate the deferred action. If the 
procedure represents a major portion of 
someone's job, habit may prove to be 
sufficiently reliable. Otherwise a special 
action-initiating stimulus may be re¬ 
quired. This is the common problem for 
which such devices as desk calendars, 
bulletin boards, and alarm clocks have 
been invented. 

Periodic procedures can sometimes be 
scheduled so as to be prompted by a 
normal pattern of events. Thus, if a 
procedure is placed on a regular basis 
to be undertaken “first thing Monday 
monsing” or “each day right after 
lunch," for example, a relatively certain 
sequence of events is used as a cue to 
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aid the memory. This technique is em¬ 
ployed in connection with procedures 3 
and 4 of Example I, wherein the tool 
grinder makes a daily trip to the crib 
to return sharp tools and pick up dull 
ones. 

If a procedure must be undertaken 
for each case at some future date which 
can he determined or estimated in ad¬ 
vance, a reminder device such as a date 
file, schedule rack, or come-up file is 
usually essential. Follow-up procedures, 
such as are employed in purchasing 
systems, are an example. 

A less reliable method is to provide 
a persistent reminder which will re¬ 
peatedly advise the employee of the 
need for future action. Classical devices 
for this are the string-on-the-finger, the 
pin-up note, and the “do” basket or 
file. Unless the number of things pond¬ 
ing at any one tirfle is small, the periodic 
task of reviewing the docket becomes 
a burden. Also, if the person does not 
remember to use the reminder, it is 
of little value. 

8.4.2 initiating action “as soon as 
possible." By far the vast majority of 
procedures are to be performed upon 
notification or as soon as possible there¬ 
after. A common difficulty encountered 
here is that action must be postponed 
on some fraction of the cases handled, 
and as a re.sult some are forgotten and 
others are seriously delayed. 

The primary method of re-initiating 
action on postponed cases is to use a 
signalling device which acts persistently 
until action is taken. As a simple ex¬ 
ample, in one company new standard 
procedure sheets are inserted into the 
manuals using the top two rings of the 
notebook and the bottom two holes in 
the sheet. Thus a four-inch “flag” pro¬ 
claims the existence of a new procedure 
until it is read. 

The persistent signal idea is widely 
evidenced in the use of written memo¬ 
randa, reports, and notices in place 
of oral communication. For instance, in 
Example II (Art. 1.4), each rejected lot 
is brought to the attention of the chief 
inspector by delivering the inspection 
report to his desk. Thus there is reason- 
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Able assurance that he will initiate ac¬ 
tion to obtain a decision and dispose of 
the defective material without undue de¬ 
lay. Meanwhile, the material is flagged 
with a copy of the report and placed in 
a conspicuously located "hold” area 
where it acts as a continuous reminder 
itself. 


8.5 DESIGN PBOCEDURES TO ASSURE 
COMPLETE PERFORMANCE 

Awareness of an immediate need 
for action does not insure that the 
procedure will be undertaken or, once 
started, that it will be carried through 
to completion. Satisfactory perform¬ 
ance depends, in the long run, on two 
additional conditions—(1) acceptance of 
the procedure by the people involved, 
and (2) the existence of adequate mo¬ 
tivation. 

8.5.1 Design for acceptance. People 
will be considerably more willing and 
conscientious about following a proce¬ 
dure; 

]. If the purposes and importance of 
the procedure are clear. 

2. If it is as simple as possible and 
relatively quick and easy to accomplish. 

3. If it is reasonably clear and definite 
concerning what is to be done and how. 

4. If the required actions follow, one 
from the other, in a logical and natural 
sequence. 

5. If it can be started immediately 
when the need for action is known. 

6. If it can be carried through all at 
once without interruption. 

8.5.2 Establish adequate motivation. 
For a procedure to prove satisfactory, 
the responsible employee must have a 
personal interest in seeing that it is 
accomplished properly and on time. 

The most desirable solution to this 
problem of motivation is to assign the 
procedure, if possible, to a person who 
will derive some positive benefit or 
reward from its performance. Next best 
is to place the responsibility with some¬ 
one whose major duties depend on 
satisfactory conduct of the procedure. 


If this is not practicable, then provision 
should be made for the application of 
adequate supervisory pressure. 

If an employee is assigned a pro¬ 
cedural duty by his immediate super¬ 
visor, obviously he is going to be 
concerned about its performance. But 
frequently this is not enough. The em¬ 
ployee also must know that satisfactory 
performance on his part will be recog¬ 
nized, and that unsatisfactory perform¬ 
ance is likely to come to the attention 
of his superiors. People tend to do what 
is expected of them and to drop what 
they find is apparently not expected. 
Therefore, unless failure to conform to 
standard practice is brought to the 
attention of the responsible person by 
his supervisor, the procedure will de¬ 
generate and become unreliable. 

In Example I (see Art. 8.3), each 
machine operator has an adequate per¬ 
sonal interest in obtaining the tools he 
needs, but he is not so directly con¬ 
cerned about returning them to the 
crib. Where motivation is weak and the 
procedure is important to the system, 
as in this case, provision should be 
made for detecting violations and initi¬ 
ating corrective action. In this tool 
supply system, if a machine operator 
needs a copy of a standard tool and 
none are available in the crib, the fore¬ 
man checks up on copies which have 
been signed out. If one is found at a 
machine where it is not in use, the con¬ 
sequences of failing to return it are 
pointed out to the responsible operator. 
Thus the system provides the mecha¬ 
nism and the information necessary for 
enforcing this procedure and eliminating 
sources of trouble. 

8.5.3 System cannot replace super¬ 
vision. If it is well designed, an adminis¬ 
trative system is a valuable aid to 
supervision as a source of reliable infor¬ 
mation and a means of determining 
where and when action should be taken. 
Thus, good systems give direction and 
purpose to supervision and make it more 
effective. But, although systems tend to 
simplify the work of supervision, they 
increase, rather than decrease, super¬ 
visory responsibility. In effect, strong 
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systems make weak supervisors weaker 
and strong supervisors stronger. 


9. SYSTEM COST REDUCTION 

The costs of any system can be 
reduced. This is true even of new 
systems, because the “one best way” is 
a theoretical goal which can only be 
approached, never achieved. The ob¬ 
jective in system cost reduction should 
be to achieve a level of efficiency be¬ 
yond which further cost reduction effort 
is not worth while.* 

This article is concerned with the 
task of reducing and maintaining at a 
reasonable level the costs of system op¬ 
eration. The general approach is that 
“there is always a better way to do it.” 
Therefore, the problem of cost reduction 
is resolved to locating attractive oppor¬ 
tunities for improvement and conceiv¬ 
ing alternative ways of doing the same 
thing with less cost. 

9.1 BACH INCREMENT OF SYSTEM 
COST MUST BE JUSTIFIED 

Each separable part of the system 
must justify its own increment of 
cost by extra savings (or income) some¬ 
where else in the company. In even the 
most well-managed companies, it is easy 
to find examples of procedures which 
exist for personal, departmental, or un¬ 
known reasons and contribiite little or 
nothing to the company as a whole. It 
is also not difficult to find entire systems 
which produce important benefits but 
cost more to operate than they save. 
Obviously, such procedures or systems 
should be eliminated entirely or replaced. 
The first problem is to recognize these 
cases and isolate their for further study. 

Many major systems have, among 
their purposes, one or more functions 
which are necessary for the operation 
of the company. A common mistake is 

* Efficiency is used here in the sense of 
a ratio of worth-while expenditures to 
total expenditures. 
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to assume that, because certain functions 
of a system are essential, all the parts of 
that system are justified. This is not 
necessarily true. For example, some kind 
of accounts payable system is necessary, 
but it does not follow that all invoices 
must be checked for price and extension 
or that all freight bills must be checked 
for rate classification. It is quite possible 
to pay such obligations without benefit 
of these audits. These are marginal pro¬ 
cedures. They should at least pay for 
themselves in savings obtained by cor¬ 
recting the errors they uncover. 

In other cases, an entire system or a 
major part of a system should be studied 
as a candidate for elimination. This is 
always a possibility unless that part of 
the system provides a service without 
which the company could not operate. 
Fairly complex segments of control sys¬ 
tems may fall in this category. 

In Example I (Art. 1.4), tool bits 
must be supplied to the machine shop, 
and they must be sharpened or replaced 
when dull or broken. But the system for 
making sure that these tools are pro¬ 
vided with the least expense, are avail¬ 
able when needed, and are properly 
sharpened is a fringe which must pay 
for itself by savings in the cost of 
production and the costs of tools. The 
incoming inspection system of Example 
II must produce savings in the cost 
of purchased parts and the costs that 
would result if unsatisfactory parts 
found their way into assemblies and 
finished units, which clearly exceed the 
costs of inspection and the related 
paperwork and handling of materials. 
And each separable part of this system, 
such as the non-conformance report pro¬ 
cedure, should also be expected to con¬ 
tribute more in savings than in expense. 


9.2 ACHIEVING COST REDUCTION 

In most systems, the preponderant 
cost is labor (wages plus expenses 
which run in proportion to wages). 
Therefore, the primary source of cost 
reduction lies in eliminating unnecessary 
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^ork and simplifying that which is 
necessary. 

The general approach should be to 
start with the system process as a whole 
and consider first the possibility of 
eliminating major groups of procedures 
and operations and then specific pro¬ 
cedures and tasks. The idea here is 
to avoid spending time and effort to 
improve an activity which should be 
eliminated. That work which cannot be 
eliminated can usually be simplified by 
combining, rearranging, dividing, and 
streamlining the necessary procedures 
and tasks and related documents. 

Cost reduction is accomplished only 
by changing things. The first step is to 
recognize opportunities for change which 
are likely to be worth looking into. To 
do this, observation and analysis must be 
supplemented by comparing what is 
found with preconceived ideas about 
what is desirable and what is not. Thus, 
it is helpful to judge each part of the 
existing system against the rules and 
principles of good design* and also to 
compare it with examples of poor de¬ 
sign. The first involves testing parts 
of the present system against stand¬ 
ards of excellence; the sbcond is a matter 
of seeking specific kinds of evidence of 
waste and inefficiency 


9.3 SOMB POSSIBILITIES FOR IMPROVE¬ 
MENT 

The following is a listing of some 
of the things commonly found in 
administrative systems which indicate 
definite possibilities for improvement. 
In most instances, the change required ’ 
to achieve cost reduction is to eliminate 
or correct the deficiency cited. Where 
the appropriate action is not obvious, 
possibilities are pointed out. 

9.3.1 Forms and reports. 

1. Shotg-jn distributions. If five or 
more copies of a report are being 
distributed, the chances are that one 
or more of these copies is not read, or 
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if read is not acted upon. In a large 
company, a report listing all purchase 
orders complete each month, consisting 
of three to six single-spaced typewritten 
pages, was being compiled in accounts 
payable and distributed to scheduling, 
purchasing, expediting, and quality con¬ 
trol. It was being filed (permanently) 
in all five departments, and the only 
place it was used was for an improper 
purpose. In another case, a daily report 
useful at three points was being multi- 
lithed and distributed to 15 points. Un¬ 
necessary copies should be eliminated. 
Another possibility is to make one copy 
serve the purposes of two or more by 
routing it. 

2. Wastebasket copies. If a large frac¬ 
tion of the reports of a certain type 
(receiving reports for example) are 
being thrown away at different locations, 
perhaps a split distribution can be ar¬ 
ranged. Those reports which are not 
needed at one point may be the only 
ones needed at another point. Another 
possibility to consider when reports are 
being thrown away is that the recipient 
does not want them, but does not know 
how to turn them off. 

3. Double-typed reports. If a report 
must be typed twice to get the desired 
number of copies, either there are too 
many copies or the wrong method of 
duplication is being used. 

4. Separate forms that might be com¬ 
bined. Producing two or more related 
forms with one typing saves time, 
money, and mistakes. Some of the best 
possibilities for combination are requi¬ 
sition and purchase order, purchase 
order and receiving report, sales order 
(and acknowledgment) and factory or¬ 
der, shipping ticket and invoice, pur¬ 
chase requisition and inventory record 
(traveling requisition), and receiving 
report and inspection report. There are 
many other such combinations. 

5. Poorly designed forms. Forms that 
are not well designed are usually associ¬ 
ated with poorly planned procedures. If 
the title of a form is vague, misleading, 
or ambiguous, the purposes of the form 
may also be doubtful. If a form is a 


* Arts. 1-8,11-12; also see Section 6. 
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Standard "catalog item” or is run off on 
the office duplicator, it should always 
be viewed with suspicion. 

6. Complex daily reports. Detailed 
reports, particularly those produced fre¬ 
quently and in numerous copies, are 
likely to be poorly suited to their pur¬ 
poses and little used. They are candi¬ 
dates for simplification or elimination. 

7. Late reports. Progress and status 
repMjrts received more than one period 
later than the period they cover (day, 
week, or month) may also be worth less 
than they cost. 

9.3.2 Files and records. 

1. “Reference’' files. Many files and 
records are maintained which are used 
very little if at all. Some of these can 
be eliminated on the basis of two simple 
questions; ‘‘What real purposes does it 
serve?” and "How often is it referred 
to and by whom?” For example, ques¬ 
tioning a file clerk who spent several 
hours a day maintaining a certain file 
disclosed that the only people who had 
looked at the file in the jirevious six 
months were the system analyst and 
the file clerk herself. The purposes for 
which this file was planned had never 
materialized. Similarly, many files origi¬ 
nate for no real purpose at all, merely 
because people tend to save things they 
receive. For example, an engineer who 
had a desk drawer full of old daily pro¬ 
duction and scrap reports was asked if 
he ever looked at one after it went in 
the drawer. After a moment’s thought 
he removed the contents of the drawer 
to the wastebasket and said, “Thanks, 
I can make good use of that drawer.” 

2. Obsolete records. Even when rec¬ 
ords are known to be obsolete they are 
sometimes continued by a conscientious 
employee in spite of contrary instruc¬ 
tions. In an extreme case, an employee 
was found to have maintained a useless 
record on his own time because “he 
just couldn’t understand how the com¬ 
pany could get along without it after 
all these years.” 

3. Protective records. Very commonly, 
records are maintained for purely per¬ 
sonal or departmental reasons, produc¬ 
ing no benefit whatsoever for the com¬ 
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pany as a whole. One reason is distrust 
of other jjeople’s records; a more com¬ 
mon reason is self-protection. If the real 
purpose of a file or record is to provide 
ammunition for possible internal argu¬ 
ments, its cost is difficult to justify. 

4. Logs and registers. Chronological- 
listing records frequently exist for de¬ 
fensive reasons. If such a record pre¬ 
vents .«ystem failures, or aids in their 
correction, the only question is whether 
it pays for itself. If employed as a 
follow-up device, a more effective 
method may be appropriate. If em¬ 
ployed as a protective device (see 3 
above), it should probably be eliminated. 
In general, the real benefits of a log or 
register should be thoroughly questioned. 

5. Cross-reference files. Files and logs 
or registers, which are maintained as an 
aid in locating items filed in another 
order, represent improvement possibili¬ 
ties relating to the system information 
and methods of classification. For ex¬ 
ample, related documents with separate 
identification numbers, such as sales 
order and factory order, purchase order 
and receiving report, or shipping ticket 
and invoice, create problems of cross- 
reference which can be eliminated by 
using the same identification number for 
both forms. Or, the serial number of a 
document can be designed to describe 
as well as to identify ^e item or case. 
For example, a compound purchase 
order number can designate the vendor, 
or a production order number can indi¬ 
cate the type of product. Another pos¬ 
sibility is to eliminate the cross-reference 
file if the same document is filed in the 
same manner in another department and 
the frequency of reference is small. 

6. Inactive records. Inactive records 
should be transferred out of working 
files. This reduces the time required to 
locate or file active items and saves 
file space. Inactive items should be dis¬ 
posed of immediately or marked for 
disposal at a certain date. Most docu¬ 
ments can be destroyed after one year. 
Some should be retained as long as 
three to five years. Very few should be 
stored permanently. 

7. UnfUed filing. Persistent quantities 
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of material waiting to be sorted and 
filed is sometimes an indication that 
the material should be destroyed rather 
than filed. 

8. Duplicate files and records. The 
most obvious type of record duplication 
is where the same form or report is filed 
in different departments, or for different 
purposes in the same department, in an 
equally suitable order. One or the other 
of such files is likely to be a protective 
record. For example, an inter-depart¬ 
mental material transfer may be filed 
by the sender, the n-ceiver, accounting, 
and production control. The sender’s 
and receiver’s copies should probably be 
eliminated, since a record of these trans¬ 
actions is available in two other loca¬ 
tions. Somewhat more difficult to recog¬ 
nize are duplications of information in 
different records and records of different 
types which have thtf same general pur¬ 
pose. 

9.3.3 Some questionable kinds of 
work. 

1. Checking. Some of the classic ex¬ 
amples of system cost reduction involve 
discontinuing a checking operation 
which was found to be of little benefit. 
The most attractive possibilities are in 
connection with work-repetition check¬ 
ing. (See Art. 7.6.2.) In a large com¬ 
pany, for example, an invoice-checking 
operation was eliminated with an annual 
savings of $10,000.* Two alternatives to 
eliminating 100 per cent checking are 
control sampling (see Art. 7.6.3) and 
restricted checking. The latter involves 
checking only those classes of the given 
document wherein errors of major im¬ 
portance can be expected. 

2. Approval and acknowledgment sig¬ 
natures. Routine signing of initials or 
name to indicate approval or acknowl¬ 
edgment is often a useless ritual. In 
many cases a signature is insisted upon 
when its purpose is merely to shift 
responsibility and possible blame. Signa¬ 
tures which are "automatic” or “pro¬ 
tective” should be eliminated. 

• As reported by Jack R. Crowley in a 
talk presented to the San Francisco chap¬ 
ter of the Systems and Procedures Associa¬ 
tion of America, March 28, 1962. 


3. Frequent inventory-taking. Taking 
physical inventory is expensive. If such 
things as tools, equipment, and work- 
in-process are being inventoried fre¬ 
quently by physical count, there is al¬ 
ways the possibility that some type of 
perpetual control record system would 
be less costly. For an extreme example 
consider the practice in one company of 
stopping work fifteen minutes early at 
the end of each day to count and record 
the work in process at each station. Not 
only did the reports derived from this 
information cost ten or more times the 
amount they should, but also they were 
exceptionally inaccurate. After a dis¬ 
patching and control system was in¬ 
stalled, physical inventory was taken 
only four times a year, instead of 250 
times. 

4. Transcribing. Copying information 
from one document to another should 
be eliminated whenever possible. One 
possibility is to design multi-purpose 
forms. In Example II, handwriting a 
five-copy set produces all papers needed 
for returning rejected material to a 
vendor—rejection notice, shipping ticket, 
and debit-memo. Such combinations 
should be considered wherever two or 
more forms must carry a number of 
the same items of information. In other 
cases, transcribing can be eliminated by 
modifying an information transmittal 
form and providing another copy to re¬ 
place a posted record. Or, a record form 
may be used to transmit information 
which is currently being copied from 
the record. 

9.3.4 Misplaced tasks. In general, de¬ 
tailed routine work should not be per¬ 
formed by high-paid personnel, and 
specialists should be relieved of adminis¬ 
trative duties, particularly those in¬ 
volving paperwork, whenever possible. 
For certain classes of personnel, some 
types of work they often perform should 
be eliminated or transferred. Following 
is a check-list of such work: 

1. Executive and professional person¬ 
nel—checking, approving, routine writ¬ 
ing, routine follow-up, record posting, 
filing. 

2. Administrative managers and su- 
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pervisors—detailed elieckiog and routine 
clerical work, including record posting 
and filing. 

3. Foremen — administrative paper¬ 
work, record keeping, detailed planning, 
routine follow-up. 

4. Specialists (skilled tradesmen, tech¬ 
nicians, production operators, etc.)— 
record keeping, routine report writing, 
and other paperwork. 

Another general possibility for cost 
reduction is to centralize repetitive tasks 
requiring special equipment and skills: 
duplicating, punching, collating, filing, 
sorting, addressing, stenography, and 
other such tasks. 

9.3.5 Work duplication and overlap. 

Precise duplication of work by different 
people or by different departments, ex¬ 
cept for checking purposes, is relatively 
rare. However, tasks which overlap and 
duplicate each other in purpose are very 
common. This type of duplication fre¬ 
quently exists between systems, between 
individuals, and between departments. 
The appearance of the same or similar 
information in different records and re¬ 
ports is an indication of such duplica¬ 
tions. Cases of overlap and direct dupli¬ 
cation often exist between systems for 
quality control and production control, 
materials control and purchasing, pur¬ 
chasing and disbursing, cost accounting 
and production control, and industrial 
engineering time control and cost ac¬ 
counting, for example. These duplica¬ 
tions cannot always be eliminated, but 
frequently the amount of overlap can 
be reduced. 

9.3.6 Complex, proceduros for simple 
cases. Standard procedures which are 
suitable for handling transactions of con- 
nderable monetary importance are often 
absurdly expensive for simple cases. For 
example, consider the case of the man 
who purchased a home appliance and 
subsequently wrote to the manufacturer 
requesting a copy of the service manual. 
He enclosed his personal check for 75 
cents, the listed price for the booklet. 
In due time be received, in a window 
enydope, a shipping order (Form NC- 
1416) and an acknowledgment copy, 
indicating that his check bad been re¬ 
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ceived and that one “part A-89, manual, 
service” was being shipped by prepaid 
parcel post on order number ^35483. 
Shortly thereafter the pamphlet (8%” 
xll" size) arrived in a l(K'xl()"x6” 
carton box, together with the packing 
slip copy of the shipping order and a 
quantity of shredded paper. Postage and 
insurance came to 55 cents. A week 
later, in a window envelope, copies 
1 and 2 of invoice number 131214 
(Form NG1180) arrived. Apparently the 
amount due was 75 cents, although un¬ 
der “terms” there was the notation 
“Check rec'd .75.” Both copies of the 
invoice were rubber-sjtamped to the 
effect that the goods had been produced 
in compliance with the Fair Labor 
Standards Act of 1938. A month later 
another window envelope arrived, by 
air mail, containing Form NC-il21, 
titled “StatemenK” This document 
showed first a credit entry of 75 cents, 
and then a debit entry of 75 cents and 
a balance of .00. Clearly, it cost this 
company more than 75 cents even to 
handle the customer’s remittance! Prob¬ 
ably a better plan would be to mail such 
booklets directly from the sales office 
or the mail room free of charge upon 
request. 

For major inter-departmental proce¬ 
dures, such as those for external trans¬ 
actions like buying and selling, the type 
of business handled should be analyzed 
to discover such cases. Simplified alter¬ 
native procedures should be set up to 
handle simple cases, which sometimes ac¬ 
count for a large proportion of the sys¬ 
tem work. 

9.3.7 Some other things to look for. 

1. Lack of standardization. Minor 
variations required for different classes 
of items or cases handled by the system 
often cause unnecessary work. For ex¬ 
ample, invoices to government agencies 
and prime contractors must carry a 
statement certifying compliance with 
certain federal statutes. One company 
dutifully typed on each invoice the 
particular paragraph spelled out in the 
customer’s purchase order. Soon there 
were six different “standard” paragraphs 
and severd “special” ones in use. Finally, 
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the company attorney drew up one 
master statement which was then pre> 
printed on the invoices to eliminate this 
tsrping. Another example of reducing 
costs by standardization is to establish 
the wage rates of all employees at 
prescribed increments (multiples of 5/ 
per hour for instance). This simplifies 
payroll preparation and cost distribu¬ 
tion, and reduces errors. 

2. Too many numbers. If more than 
three or four identification numbers ap¬ 
pear on a document, or in a tabulation, 
a possibility for simplification is to 
eliminate one or more of them. There is 
a tendency to record all codes and 
numbers bearing on the subject of the 
document, some of which may not be 
necessary and might be omitted. A 
better idea is to make one number 
serve the purposes of two (see Art. 
9.3.2, Item 5, concemihg cross-reference 
files). 

3. Indicators of basic fault in the 
system design. Opportunities for reduc¬ 
ing cost and improving .system effective¬ 
ness are usually indicated by one of the 
following symptoms; 

A. Supervisors engaged largely in 
"putting out fires.” 

B. Paperwork bottlenecks; excessive 
time lag and delay. 

C. Frequent waiting for work or al¬ 
ternate waiting and rushing. 

D. Excessive overtime. 

E. A high percentage of the work 
processed as “rush” or “special” cases. 


10. PROCBDt3RB8 INSTALLATION 
AND CONTROL 

10.1 INSTALLING NEW SYSTEMS AND 
PROCEDURES 

The objective in installing a new 
system or procedure is to do it as 
quickly as possible, without disrupting 
the continuity of records and operations, 
with the minimum of expense, and with 
maximum assurance that the new proce¬ 
dures will be readily accepted and prop¬ 
erly followed. To thus accomplish, a 
procedural change smoothly and effi¬ 


ciently requires planning and prepara¬ 
tion. If this is done well, delays, 
confusion, and temporary expedients 
which later must be unlearned, can usu¬ 
ally be avoided. The greater the extent 
of change, and the more people involved, 
the more difficult is the problem of in¬ 
stallation and the more important is the 
need for careful planning. 

10.1.1 Planning the installation. Plan¬ 
ning a system installation involves 
anticipating everything that must he 
done and deciding how and whe.^ it 
will be accomplished. 

There are two sides to any change in 
procedure. First, some of the present 
procedures, records, and items of infor¬ 
mation are going to be dropped or 
altered. Second, some new things are 
going to be started. A common mistake 
is to concentrate on implementing the 
new procedures and to give inadequate 
attention to the effects of disturbing 
present routines. It is important not to 
overlook resulting dislocations and de¬ 
lays and changes which may be neces¬ 
sary in related systems. 

If a new system involves numerous 
changes affecting many people, the pos¬ 
sibility of installing it in segments should 
be considered. For example, changing 
a payroll system from a manual to a 
tabulating machine operation may re¬ 
quire considerable modification of the 
time reporting forms and procedures. 
This part of the system probably should 
be installed before the changes within 
the accounting department are put into 
effect. Or, in overhauling a complete 
production control system, the installa¬ 
tion might be broken down by segments 
^uch as scheduling and order release, 
dispatching and' follow-up, and the prep¬ 
aration and distribution of control re¬ 
ports. Piecemeal installation has the 
advantage of simplifying the job of 
planning, overseeing, and coordinating 
those changes undertaken at one time. 
The disadvantages are that it takes 
longer to get the entire system into 
operation, and it often creates additional 
temporary problems. 

10.1.2 Techniques of transition. There 
is no one best way to accomplish a 
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concurrent set of clinnges in administra¬ 
tive procedure and method. Any one or 
combination of the following plans may 
be appropriated in a given case. 

1. Switch-over method. This is the 
obvious way—switching completely from 
the old to the new at a predetermined 
time. The time is commonly chosen as 
the end of a reporting period but may 
be specified in terms of a future event, 
such as the start of a certain produc¬ 
tion run or the writing of purchase order 
No. 10,000, for example. 

2. The attrition method. This plan 
involves dual operation of the old and 
new procedures such that all new cases 
start^ through the system are handled 
the new way, but those in process (or 
not requiring immediate attention) are 
handled the old way. For example, to 
install a new inventory control system, 
the change-over for each item might be 
made when it comes up for review or 
reorder. Thus, by attrition, the old sys¬ 
tem would gradually be replaced with 
the new system. 

3. The overlap method. This scheme 
is to start the new system (or build 
it up gradually) in parallel operation 
with the old system until the old one 
can be abandoned all at once at a 
convenient time. This method is, of 
course, expensive and may involve a 
temporary expansion of the work force 
or considerable overtime during the 
period of dual operation. Its advantages 
lie in testing out the new system before 
the old one is dropped and in avoiding 
possible gaps and errors in essential in¬ 
formation. 

10.1.3 Preparing for the installation. 

Following are some of the things which 
must be done before the new procedures 
are to go into effect. 

1. Procure necessary forms and equip¬ 
ment. Many procedures installations 
have gone awry because inadequate lead 
time was allowed for the procurement 
of new forms, supplies, devices, furni¬ 
ture, or machines. 

2. Accumulate initial data. Informa¬ 
tion which will be needed in the new 
procedures but is not currently avail¬ 
able, particularly that required for plan¬ 


ning and comparison, must be obtained 
or estimated. 

3. Set up new files and records. All 
new equipment should be readied for 
use. TUs may include labding bins or 
folders, marking items with identifica¬ 
tion numbers, or transcribing old records 
onto new forms. 

4. Instruct the personnel. New pro¬ 
cedures must be taught. Usually, train¬ 
ing should begin sometime before the 
procedures are installed. Written in¬ 
structions are helpful but should not 
replace personal and group explanation. 
Preferably instruction should be done 
by the immediate supervisors with the 
aid of sample forms, diagrams, and writ¬ 
ten procedures prepared by the system 
designer. Instruction should cover the 
installation plans as well as the new pro¬ 
cedures. 

10.1.4 Directing the installation. A 

new set of procedures is not completely 
installed until it has settled down to 
smooth, normal operation. Meanwhile, 
the persons who planned the changes 
must monitor the new activities, provide 
guidance, correction, and coordination, 
and solve the little problems which are 
bound to come up. This effort should 
normally taper off rapidly and soon be¬ 
come a matter of consulting and advis¬ 
ing. Responsibility for procedure en¬ 
forcement must, of course, lie with the 
immediate supervisors from the start. 

10.2 PROCEaDURBS CONTROL 

In all but the smallest companies, 

positive steps should be taken to 
control procedures. Control, in this 
sense, encompasses surveillance over the 
instigation of new procedures and the 
changing of old ones and enforcement 
of those which exist. It implies pro¬ 
moting coordination between depart¬ 
ments and systems and continuously 
evaluating both present and proposed 
procedures. The purpose is to ston the 
rising tide of additional paperwork and 
procedure and ultimately to widen the 
net difference between the benefits and 
costs of the company’s administrative 
systems. 
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The following are some of the things 
which can be done to help control pro* 
cedures. They are complementary, and 
to some extent interdependent. To be 
effective they must be used in combina* 
tion. 

1. Fomu control. Nearly all systems 
depend on forms for gathering, trans¬ 
mitting, and recording information. The 
layout of these forms essentially deter¬ 
mines which items of information are 
processed and used in the system. The 
number of copi^ of each form essen¬ 
tially limits the number of uses and 
points of retention of this information. 
The first line of defense against unneces¬ 
sary, uneconomical, and conflicting pro¬ 
cedures is to control the design and 
production of all forms used in the 
company. Without forms control, pro¬ 
cedures control is seldom effective. 

2. Systematic publitation of standing 
plans. A system of manuals which pro¬ 
vides all employees with up-to-date 
knowledge of existing procedures, poli¬ 
cies, organizational relationships, and 
responsibility assignments is an aid to 
procedures control. Such manuals estab¬ 
lish a record of what has been decided 
and approved. This encourages conform¬ 
ance, makes enforcement possible, and 
discourages poorly planned and unco¬ 
ordinated changes. To serve these pur¬ 
poses, the manuals must be reasonably 
complete, w'cll planned and indexed, and 
properly maintained. The material they 
contain must represent agreement and 
carry authority. 

3. Systematic follow-up and review. 
All procedures should be reviewed pe¬ 
riodically to make sure they are going 
according to plan and have not become 
significantly modified in undesirable 
ways. This is particularly important for 
relatively new procedures and for those 
operating in unsettled changing situa¬ 
tions. In any case, a scheduled program 
of system studies should be carried on 
to insure review of each major proce¬ 
dure at appropriate intervals. Such a 
program will thus serve the purposes of 
procedure control as well as system im¬ 
provement. 

4. Equipment and supplies control. 


Requests for office equipment and new 
kinds of office supplies are often associ¬ 
ated with departmental changes or ad¬ 
ditions to present procedures. Many 
poorly conceived changes and unneces¬ 
sary new routines can be headed off if 
such requests are reviewed by the per¬ 
son responsible for procedures control. 
This may or may not be worth while, 
depending on the situation. 

10.3 FORMS CONTROL* 

Systematic control of forms con¬ 
sists of reviewing each form, new 
or old, each time a new supply is re¬ 
quested. Such review should cover: 

1. Design of the form with respect 
to possibilities for improving its utility, 
reducing its cost, and improving tho 
methods and procedures for its use. 

2. Cost justification, considering the 
present and future need for the form, 
the benefits it produces, and the costs 
of procuring, using, storing, and dispos¬ 
ing of it. 

3. Order information, including de¬ 
sign specifications, order quantity, esti¬ 
mated price if to be purchased, delivery 
date, packaging, and storage and distri¬ 
bution instructions. 

The main purposes of forms control 
are as follows: 

1. Procedures control (see Art. 10.2). 

2. Clerical work simplification. 

3. Minimum cost of forms procure¬ 
ment and inventory. 

4. Providing impetus and information 
for system studies. 

5. Providing adequate assurance 
against running out of necessary forms. 

' 10.3.1 How to institute effective forms 

control. The following is a suggested 
plan of attack for developing a forms 
control system which will adequately 
serve the purposes outlined above. 

* See Frank M. Knox, Design and Con¬ 
trol of Business Forms (New York: 
McGraw-Hill Book Company, Inc., 1952), 
Chapters i and 2. Also, Simplifying Proce¬ 
dures Through Forms Control, Manage¬ 
ment Bulletin, Executive Office of the 
President, Bureau of the Budget, June 
1948. 
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1. Establish polii^ Mid procedures 
which will: 

A. Clearly define what a form is, 
and which forms are to be controlled. 

B. Fix responsibility and authority 
for designing and ordering forms with 
a sjiecific person. 

C. Establish a rule that no new sup¬ 
ply of forms may be purchased or 
duplicated on office equipment without 
prior approval of the forms designer. 

2. Establish inventory control over 
the basic supply of all purchased forms. 

3. Place office duplicating machines 
under adequate control and regulation 
with respect to the reproduction of 
forms. 

4. Establish a suitable set of files and 
records and a forms classification and 
numbering plan, 

10.3.2 What is a form? A form is 
something prepared in advance to re¬ 
ceive predetermined items of written 
information. Forms are ordinarily 
printed or duplicated on paper or card 
stock but may be of any material. Some 
of the types of forms include tags, cards, 
slips, paper documents, duplication 
masters, and many gummed and self- 
adhesive labels. The essential character¬ 
istic of a form, for the purposes of 
forms control, is that specified items of 
information are to be written on it 
(by hand or otherwise) in predetermined 
spaces. 

10.3.3 Which forms should be con¬ 
trolled? In general, the only satisfactory 
answer to this is to control all forms with 
respect' to both design and use. The 
only appropriate exceptions to this rule 
are: 

1. Work sheets and record forms 
made by typewriter, by hand, or by 
photocopy. These are inherently limited 
in quantity and therefore in usage. They 
are also very difficult to control. 

2. General-purpose stationery items, 
such as inter-office memo sheets, letter¬ 
head, vellum drawing sheets, and mailing 
labels. 

Forms produced by printing press, 
offset duplicator, stencil duplicator, or 
hecU^aph duplicator are the ones which 
ean and should be controlled. Of these, 


purchased forms are the most important, 
because this class usually includes the 
ones which are expensive and are used 
in large quantitira and which affect the 
major procedures. Examples of common 
types of purchased forms are multiple- 
copy sets, padded sets, preprinted dupli¬ 
cator and photocopy masters, report and 
record cards, tags, and slips. 

Inevitably, many forms are produced 
within the company if an office dupli¬ 
cating machine is available. These forms 
usuaUy outnumber the purchased forms 
and are no less important. They should 
also be under forms control. Most of 
them are poorly designed, inefficient, 
expensive to produce (although costs 
are hidden), and are physical evidence 
of poorly planned procedures. Many of 
them are unnecessary or not worth while. 
If purchased forms are placed under 
control and these “homemade” forms 
are not, the number and quantities of 
the latter are bound to increase. A forms 
control system which covers only pur¬ 
chased forms can realize only a fraction 
of the potential benefits. 

10.3.4 Forms control records. To im¬ 
plement forms control, complete infor¬ 
mation concerning each form should be 
collected and kept up to date. The file 
for each form should contain; 

1. Sample copies, preferably including 
one filled out with typical data. 

2. Current information concerning the 
use of the form. 

3. Complete specifications for print¬ 
ing or duplicating. 

4. Rate of use, past order quantities 
and dates, costs, obsolescence possibili¬ 
ties, and other procurement data. 

5. Notes concerning possible improve¬ 
ments and cross references to related and 
similar forms. 

All such information may be kept in 
a single file, although the record of past 
orders, usage, and costs, is often posted 
on visible-margin cards. In more elabo¬ 
rate systems, copies of the forms may be 
filed concurrently in two or more of 
the following ways: by form number, 
by use or function, by originating de¬ 
partment, and by type of form. 

10.3.5 Inventory control. Procedures 
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REORDER NOTICE 


nSTRtBDTE NEW SUPPLY TO: 




Supply Room, Plant U , 
SuRply Room, Plant I _ 


Storage i 
Plant I 


Open Stock , 


Min. Qty. Pkg.. 


Total Quanity Orderad/Racelved _ . 


. laJtefA. I 




Farm No. qc itrit . - 
A. /9S^ 


., Proeedurea DepL Date 


Onier was reeetvad and 


Appron. qty, Ng Pfcgs. 



FASTEN WHITE COPY OF THIS SUP TO MINIMUM QUANTITY PACKAGE. RE¬ 
TURN PINK COPY TO PROCEDURES DEPARTMENT WITH 5 COPIES OF FORM. 


J/ 


Date 


Min. Qty. Pkg. opened: 


WHEN MINIMUM QUANTITY IS OPENED OR ISSUED, REMOVE THIS SUP FROMU 
PACKAGE, ENTER DATE AND NAME, AND SEND IT TO PROCEDURES DEPT. | By. 


FIG. 6.12 A THREE-COPY FORM DESIGNED FOB A 
FORMS INVENTORY CONTROL SYSTEM US¬ 
ING THE MINIMUM QUANTITY PACKAGE 
TECHNIQUE. 

for initiating reorder of forms should be When the open stock is exhausted, thb 


simple but effective. It is important to 
provide very strong assurance against 
total depletion of the supply and to 
provide sufficient lead time for reviewing 
the procedures and the form before re¬ 
leasing a new order. This is particularly 
important for purchased forms. 

Perpetual inventory record schemes 
are usually too expensive and some¬ 
times not practicable for inventory con¬ 
trol of forms. An alternative, which has 
been successful in many applications, is 
the minimiun quantity package tech^ 
nique. For example, when an order for 
a new supply of a particular form is 
released, a "form reorder notice” (Fig. 
6.12) can be made out, specifying what 
has been ordered and how the new sup¬ 
ply should be distributed. When the 
order is received, the supply clerk can 
then distribute the new supply and 
package the specified minimum (re¬ 
order) quantity as instructed. The re¬ 
order notice is then fastened to the 
outside of the minimum quantity pack¬ 
age, which is placed in protective storage. 


minimum quantity package is opened 
and the reorder notice is sent to the 
forms designer for action. 

10.4 PLACING RESPONSIBILmr FOR 
SYSTEM IMPROVEMENT AND PRO¬ 
CEDURES CONTROL. 

As a company grows and changes, 
its policies and procedures also 
grow and change, under the special in¬ 
fluences of many different people. Indi¬ 
vidually, these people are concerned only 
with certain systems and parts of systems. 
And at any one time their interest is 
centered mainly on immediate problems, 
costs, and results. Thus, normally, the 
administrative systems of the company 
imdergo a process of patching and build¬ 
ing which lacks coherence and coordina¬ 
tion. The usual result is a complex tangle 
of relatively expensive and ineffective 
systems. To coxmteract this process, 
there should be a systematic effort to 
evaluate, plan, and coordinate change 
of procedure and continu^y to promote 
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the point of view of the company as a 
whole. 

In a small company, system improve¬ 
ment and procedures control are re¬ 
sponsibilities of the chief executive. In 
departmentalized plants and companies, 
these tasks must be delegated. Ideally, 
the responsible person or group 
should: 

1. Be relatively independent of those 
departments which are directly involved 
in the operation of major systems (in 
order to be objective and properly to 
resist biased departmental viewpoints). 

2. Be endowed with sufficient author¬ 
ity and be capable of generating enough 
resp)€ct and acceptance to be effective 
and to operate efficiently. 

3. Be properly equipped for the 
task. 

Because procedures improvement and 
control are linked closely with organiza¬ 
tion planning, it is desirable for these 
functions to be placed together. Proce¬ 
dures control should include forms con¬ 
trol and the editing and release of stand¬ 
ard practice information. The person or 
group having these duties should be 
expected to provide effective technical 
aid, coordination, and ideas toward sys¬ 
tem improvement. 

Obviously, if one or more persons in 
a company are engaged full time in 
system improvement and control activi¬ 
ties, their cost each year must (at the 
least) be recoverable in immediate and 
future savings resulting from their 
efforts during the year. Unfortunately, 
the benefits of such work are not easy 
to show, whereas the costs are quite 
obvious. 


11. FOBMS AND BEPORTS DESIGN 

Most forms and reports are not 
well designed. They are usually 
conceived and produced without suffi¬ 
cient thought being given to their 
purpose and use, without adequate 
consideration of costs and alternatives, 
and without a reasonable amount of 


in 

planning of content, captions, layout, 
and physical specifications.* 


11.1 PURPOSES OF FORMS 

In general, the purposes of any 
form are: 

1. To standardize the presentation of 
similar sets of information with respect 
to sequence, arrangement, and the man¬ 
ner in which it is written. 

2. To save writing by pre-printing 
fixed information such as descriptive 
captions, instructions, standard answers, 
and identifications. 

3. To provide assurance that all 
necessary information will be recorded, 
and in the proper way. 

4. To provide an economical means 
of producing written information in 
multiple copy, ' 

All forms serve the first three of these 
functions; many also serve the last. 

The costs of a form should be justified 
by savings in the time of the writers and 
users of the information it carries, or 
by reducing trouble caused by incom¬ 
plete, inaccurate, and improper infor¬ 
mation, or both. As an implement of an 
administrative system, even a poorly 
conceived form is usually far better than 
no form at all. However, most forms 
fall short of providing a full measure 
of the benefits potentially available. 


11.2 OBJECTIVES OF FORMS DESIGN 

Apparently few authors of forms 
realize the importance of good 
thorough planning and design. Time and 
effort spent in this way can yield re¬ 
markable dividends. The cost of the 
form, and the time required to obtain 
it often unduly influence its design. 
Typically, the costs of using a form are 
from 10 to 20 times greater than the 

• See Knox, Design and Control of Busi¬ 
ness Forms, for excellent examples of 
poorly designed forms and bow they can 
be improved. 
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costs of the form itself.* It is not at 
all unreasonable to spend $150 worth 
of time on the design of a form which 
will cost $400 per year and will require 
$6000 per year to make it out, handle 
it, check it, use it, file it, and ultimately 
dispose of it. 

The primary objective in designing 
a form should be to reduce the costs of 
its use. Some of the ways in which this 
can be done are as follows: 

1. Eliminate the form if possible. Be¬ 
fore spending time to design or redesign 
it, conclusive evidence should be re¬ 
quired that the form will save more 
than it costs and that its functions will 
be worth while. 

2. Combine the form with another 
which is similar or related by use. This 
may reduce costs in a number of the 
ways listed below. 

3. Simplify or eliminate writing oper¬ 
ations. Replace rewriting with reproduc¬ 
tion. Eliminate items of information that 
are not worth while. Preprint all static 
information. Use ballot boxes with pre¬ 
printed, standard, alternative answers. 
Establish standard abbreviations, codes, 
and other writing simplifications. 

4. Simplify or eliminate using opera¬ 
tions. Readability, location, and arrange¬ 
ment of information affect the speed and 
accuracy with which variable data on 
the form can be checked, used, and 
transcribed. 

5. Reduce handling and storage costs. 
Consider sorting, counting, filing and 
unfiling, enveloping, typing, posting, 
mailing, and other operations to be per¬ 
formed. Size, grade, and weight of stock 
and layout of the form may affect these 
tasks. 

6. Minimize the possibilities of error. 
Mistakes necessitate checking operations 
and corrective actions, and those which 
are not detected reduce the benefits of 
the system. Poorly designed forms en- 

* These estimates are based on studies 
conducted by Ben S. Graham, Director of 
Methods Research, Standard Register 
Ckimpany. Similar estimates have been 
reported by other professional system 
analysts. 


courage mistakes; well designed forms 
prevent them. 

The general criterion for decisions 
about the design of a form should be 
minimum total cost of producing it, 
carrying it in inventorj', writing it, using 
information it carries, and handling and 
filing it. The costs of the form itself are 
usually only a small part of this total. 


11.3 PLANNING A FORM 

A form is a custom-made special- 
purpose tool. It should be made 
to fit the job. Therefore, to design a 
form properly it is necessary to know 
its purposes and how it will be used. In 
general, a new form is not created and 
put to work without starting new pro¬ 
cedures and tasks. The proper sequence 
is: First, establish the procedures. Sec¬ 
ond, plan the clerical operations. Third, 
develop the form and the detailed work 
methods. Curiously, many people begin 
with the design of the form and then 
back into the planning of procedures and 
methods. This approach should be 
avoided. 

11.3.1 Determine the use of the form. 

To design a form properly, a clear idea 
of its functions and usage is essential. 
From an analysis of the existing or pro¬ 
posed procedures, the following things 
should be determined: 

1. The number of copies required and 
the uses of each copy. 

2. The methods of writing, mailing, 
sorting, filing, and using the form. 

3. The rate of use (quantity per 
month or year). 

If an existing form is to be redesigned, 
it is always a good idea to review a 
good sample of previously filled-out 
copies. Possibilities for simplification are 
often indicated by: 

1. Items of information which are 
often omitted. 

2. Extra lines and columns which are 
never used. 

3. Variable data which seldom 
changes, or which is always one of two or 
three standard alternatives 
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Possibilities for improving the effec¬ 
tiveness and utility of the form may be 
indicated by: 

1. Items of information which the 
form did not call for, or for which no 
definite place was provided. 

2. Corrections and explanatory notes 
of common occurrence. 

3. Frequently crowded writing in cer¬ 
tain spaces. 

11.3.2 Decide the size of the form. In 

determining the size of a form, the fol¬ 
lowing factors should be weighed: 

1. Umitations and requirements of 
equipment. Consider the machines and 
devices to be used in writing, reproduc¬ 
ing copies, sorting, filing, and other op¬ 
erations. For example, x 11 is a pre¬ 
ferred size of paper for many duplica¬ 
tion processes, and 3 x 5, 4 x 6, and 5x8 
are standard sizes for card sorting and 
filing equipment. 

2. The approximate total area needed. 
The area required will depend on the 
items of information to be recorded, the 
method of writing, and the amount of 
space required for captions, instructions, 
lines, and background space. 

3. Economy of paper and printing 
costs. In certain duplicating and printing 
processes, non-standard sizes may be 
impractical or imduly expensive to pro¬ 
duce. For example, tags and multiple- 
copy carbon sets must be a standard 
size to be printed at low cost on special 
purpose machines. A related factor is 
paper cost, which is affected by the 
amount of waste in cutting a given size 
out of an available basic stock size. This 
last factor is of minor consequence for 
small quantities, but it becomes impor¬ 
tant for large numbers of sheets. 

4. Mailing, handling, and other meth¬ 
ods considerations. Review the present 
methods for work simplification possi¬ 
bilities. For example, an 8V4 x 7 form is 
easier to fold and insert in a No. 9 win¬ 
dow envelope than an 8V^ x 11 form. On 
the other hand, an 8V^ x 11 form may be 
easier to handle and file with other 
papers than the short size or half size. 

11.3.3 Decide the type of form. The 
number of copies and the rate of use are 
the two major considerations in deciding 
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the type of form and method of produc¬ 
ing it. The objective, of course, is mini¬ 
mum total co^ of procurement, inven¬ 
tory, and use. Except where the type of 
form is essentially controlled by the sys¬ 
tem equipment, there are usually a num¬ 
ber of alternatives for which the rela¬ 
tive costs should be compared. 

For single copy paper forms (8 to 24 
pound paper), the alternative reduce to 
different methods of producing the form. 
The common possibilities are hecto¬ 
graph, stencil and offset duplication, and 
offset and letter-press printing. In gen¬ 
eral, the duplicating processes are lun- 
ited to small quantitie, depending on 
the life of the master. However, with 
offset duplicating from photo-engraved 
metal plates, an indefinite number of 
copies can be produced. Except for ap¬ 
pearance, registration, and other quality 
factors, the choicd of process for single¬ 
copy forms depends primarily on quan¬ 
tity. In general, the printing processes 
involve higher preparation and set-up 
costs and lower unit production costs. 
A common mistake is to ignore the pos¬ 
sibilities of offset or letter-press printing, 
in favor of periodically running off small 
quantities of the form on the office du¬ 
plicator. This is false economy unless the 
form is purely temporary, or unless only 
a few hundred copies will be needed per 
year. 

For multiple-copy paper forms, there 
are many possible alternatives, subal- 
ternatives, and combinations. Below are 
listed the most common types of multi¬ 
ple-copy forms, classified by method of 
producing the copies, with general com¬ 
ments about their relative areas of eco¬ 
nomic application: 

1. Carbon reproduction. Original and 
carbon copies are produced immediately 
in the writing operation. Number of 
copies is limited. Erasure corrections 
must be made on all copies. Legibility 
diminishes with successive copies. Weight 
and grade of paper is restricted, depend¬ 
ing on number of copies. 

A. Loose or padded without carbon: 
Generally not economical if total number 
of sheets per year is greater than 7,000 
or 8,000. Cost of handling (and provid- 
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ing) carbon paper is major limiting fac¬ 
tor. For handwriting, two or three copies 
per set are satisfactory; four copies is 
recommended maximum. For typing, 
three or four copies are satisfactory; five 
or six copies are practicable. Padding is 
worth wMe if handwritten, and usually 
pays off for typing in four or more 
copies. See Fig. 6.12 for an example of a 
3-copy padded form for handwriting 
which was printed by offset duplicator 
from a typewritten master and padded 
with cold glue. 

B. Unit set with one-time carbon: 
Generally economical if total number of 
sheets per year exceeds 5,000 to 6,000. 
Printing and assembly involves rela¬ 
tively high fixed costs per order, low cost 
per sheet. For handwriting, two to four 
copies are satisfactory; six is recom¬ 
mended maximum. For typing, up to 
8 or 10 copies is pbssible on ordinary 
machines; up to 16 or 18 with special 
equipment. Affords numerous subalter¬ 
natives and special possibilities, such as 
continuous forms for writing machines, 
use of carbon-backed paper, omission of 
information on certain copies, and dis¬ 
assembly into sub-sets for different uses. 

2. Duplication methods.* All copies 
are produced by machine from a pre¬ 
printed master on which the variable 
data have been written. Number of 
copies is essentially unlimited. All copies 
are equally legible. Weight and grade of 
paper is restricted depending on process. 
Reproduction involves extra handling 
and delay before copies are available. 
Erasure corrections are made once, on 
master. If master can be re-used for pro¬ 
ducing a related report, or with added or 
altered data, considerable savings may 
be possible. 

A. Hectograph or offset duplication: 
May be economical for as few as five or 
six copies per master; frequently best 
if ten or more copies are required. Hec¬ 
tograph duplication generally costs more 
per sheet but less per master than offset 
duplication because of differences in ma¬ 
terials and in per-master time elements 

*See Art. 12 for technical descriptions 
of the common duplicating processes. 
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of machine operation. Differences in 
master preparation and readability of 
copy favor offset duplication. Offset ma¬ 
chines are considerably more exjwnsive 
and require somewhat more technical 
knowledge to operate. Preprinting static 
data and lines on masters is simpler and 
less expensive for offset duplication. 

B. Photoprint reproduction: Most 
appropriate for two to four copies per 
master. May be economical for up to 
six or eight copies. Masters may be pre¬ 
printed by either offset or letterpress 
methods. Reproduction cost per master 
is low; unit cost of copies is relatively 
high. Particularly useful for complex re¬ 
port forms of limited distribution. Af¬ 
fords considerable savings for cumula¬ 
tive reports, particularly graphs, which 
are brought up to date and reissued peri¬ 
odically. Machine is relatively expensive, 
requires some technical knowledge to 
operate and maintain, but is useful for 
other purposes, such as copying letters 
and documents and reproducing draw¬ 
ings. 

Various combinations of multiple-copy 
methods are possible. For example, a 
pre-printed offset or hectograph master 
may be included as the last copy of a 
unit carbon set, thus providing any 
desired number of duplicated copies in 
addition to those produced by the origi¬ 
nal writing. Another possibility is to 
specify one copy of a unit set to be 
photo-reproducible so that extra copies 
may be made for special cases. This is 
also good insurance against obsolescence 
if there is any doubt about the number 
of copies needed. 

Other types of forms for special writ¬ 
ing conditions and uses include the fol¬ 
lowing: 

1. Tags—single or multiple copy, one- 
piece or perforated, and various com¬ 
binations and special types. 

2. Ledger sheets—for hand or 
machine posting; for vertical, visible- 
margin, or binder filing. 

3. Card forms—for handwritten re¬ 
ports. posting and reference records, 
hand or machine sorting and tabulating, 
and other purposes requiring heavy 
stock. 


PACTOKY lYSTCMS AND NOCIOUtiS 



4M MCTORY SYSIfMS ANP PKOCIOina ftlAA 


4. Adhesive lebelbpr'fumined or pres¬ 
sure s^sitive, singli; or continuous. 

11.3.4 Determino the items of infor¬ 
mation. A form carries two classes of 
information—^static and variable. 

1. St(Uic information is that which is 
pre-printed in the manufacture of the 
form. It 18 therefore fixed by the design 
of the form. Static information includes 
the title, captions, instructions, lines, and 
art work. In a sense, color, size, and 
other physical characteristics of different 
copies of a multiple set are also static 
information. 

It is the static information which the 
designer must plan, arrange, and specify. 
The purposes of this static data are to 
instruct the writer concerning what vari¬ 
able information should be recorded and 
in what manner and to fix the location of 
items of variable information and iden- 
.tify them for the users. Roughly speak¬ 
ing, the costs of static data are not im¬ 
portant since this information is in effect 
written only once. Clarity is more im¬ 
portant than being concise and minimiz¬ 
ing space. 

2. Variable information is that which 
is to be written separately on each copy 
or set. This is the useful information 
which is required in the system opera¬ 
tions. It is essentially the purpose of 
the form. Obviously, in designing a form, 
the variable information should be 
planned first. Then the static data 
should be devised so as to best facilitate 
the recording, storing, and use of the 
variable information. Whereas static 
data is written only once, variable data 
is written many times during the life of 
a form, and is therefore expensive. 

Each item of variable information 
should be clearly defined in regard to 
meaning, source, derivation, uses and 
purposes, and ultimate disposition. If 
these things are not fully understood 
by the form designer, they are likely to 
be even less clear to the users—the cap¬ 
tions and instructions will tend to be 
vague, ambiguous, incomplete, or even 
misleading. The designer must plan this 
static information to provide clear speci¬ 
fications as to the nature and definition 
of the variable data and how, where, and 


when it is to be written on the 
Each it^ of variable information 
must also be justified as being essential, 
or at least well worth the cost of writing, 
reading, and using it. The tendency in 
designing a form is to include marginal 
items of variable data for vague reasons 
such as “they might want to know this” 
or “it may come in handy.” Authors of 
forms also tend to require all conceivable 
information about each case, without 
regard to the relative probabilities that 
the various items will be useful. The cost 
of such information is a function of the 
frequency with which it is obtained and 
recorded, whereas its value depends on 
the frequency with which it is ttsed. 

In general, the use value of a variable 
item of information should be greater 
than its costs. It has value only if it is 
used for a worthwhile purpose. It should 
contribute significantly to the effective 
functioning of the system in one of the 
following ways, either as an individual 
unit of information or in combination 
with other data: 

A. Initiating action by one or more 
persons. 

B. Aiding in planning or control by 
guiding certain decisions or actions 
either directly or as reference informa¬ 
tion. 

C. Providing a worth-while check, 
either by verification or by reconciliation 
with other data. 

D. Being required for a communica¬ 
tion or report to another company or 
to a government agency. 

11.4 DESIGNING THE FORM* 

To complete the design of a form 

properly, it must be drawn to 
scale with all the static information 

* Additional references on forms plan¬ 
ning and design are: Irvin A. Herrmann, 
Office Methods, Systems, and Procedures 
(New York: The Ronald Press Company, 
1950), pp. 205-519; Gillespie, Accounting 
Systems: Procedures and Methods, espe¬ 
cially Chapters 10 and 14; Handbook of 
Business Forms, Editorial Staff, Prentice- 
Hall, Inc., 1953. 
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dHnm in proper stae and arrangemrat. 
The approach ^ould be: 

1. Plan the general arrangement and 
sequence of information. 

2. Decide the exact wording of all cap¬ 
tions and instructions. 

3. Work out the spacing, line work, 
and other details of layout. 

11.4.1 Writer versus reader. The use 
of any form involves writing informa¬ 
tion on it and subsequently reading this 
information and using it. Unless the 
writers are also the readers, both must 
be considered in deciding many of the 
details of the design. The primary objec¬ 
tive should be to provide maximum as¬ 
surance that the proper information will 
be recorded in the proper manner and 
will be interpreted and used correctly. 
At the same time, the total cost of writ¬ 
ing and u.sing the variable information 
should be minimized^ time and conven¬ 
ience for the writer should not be sacri¬ 
ficed for that of the reader, and vice 
versa. 

Viewed with respect to writer and 
reader, there are two extreme classes of 
forms; 

1. Class A Forms —Made out by 
many people, who may be unacquainted 
with the form, to transmit information 
to a central point of use. Such forms a,i‘e 
typically handwritten by many different 
persons at many different places under 
a variety of conditions. Their general 
purpose is to gather information and 
funnel it into a system to be read and 
used by skilled personnel. Examples of 
Class A forms are employment applica¬ 
tions, time reports, and income tax 
returns. 

2. Class Z Forms —Made out by one 
person and distributed to many readers. 
Typically, such forms are written by 
machine by a skilled person who is fully 
familiar with the information to be 
recorded and are sent to one or more 
persons who may be unacquainted with 
the form. Examples of Class Z forms are 
invoices, purchase orders, and voucher 
pay checks. 

Clearly, the main problem connected 
with a Class A form is to get the many 
individual writers to record the varied 
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information properly. For a Class Z 
foim, the primary considerations are 
writing the variable information most 
economically and making clear to the 
riders the meaning and significance of 
this information and what they are to 
do about it. Completely opposite view¬ 
points are required in deciding the se¬ 
quence and location of the variable data 
and the wording of the static data for 
these two extreme classes of forms. 

11.4.2 Layout. The following rules are 
generally applicable to the layout of 
any form, although their relative impor¬ 
tance will vary considerably from one 
form to another. 

1. Make optimum use of area. Avoid 
dead space due to blank areas, unneces¬ 
sary lines, poorly placed and poorly 
worded titles and captions, unneces¬ 
sarily wide margins, unnecessary art 
work, and large type. Allow maximum 
useful writing space. Reduce the size of 
the form if practicable. Frequently, 
forms devised by amateurs can be re¬ 
duced in size as much as 50 per cent with 
a net increase in the amount of available 
writing space. 

2. Arrange the information in logical 
order. Group related information to¬ 
gether. Plan natural sequences for the 
writer, particularly for Class A forms. 
Consider the order in which the informa¬ 
tion is used. If data must be transcribed 
from other forms and/or from this form 
to others, speed and accuracy are ob¬ 
tained if the information is in the same 
sequence and iireferably the same rela¬ 
tive location. Also, captions and instruc¬ 
tions may be simplified without loss of 
clarity if the information is arranged in 
logical sequence and grouping. 

3. Place key information at the mar¬ 
gins. In general, identifying and index¬ 
ing data and information which is re¬ 
ferred to frequently should be placed 
where it can be quickly and easily 
located. The relative advantages of the 
four corners and margins of the form 
depend, of course, on bow the form is 
used and filed. 

4. Plan the layout to simplify machine 
writing. If the variable data is to be 
typewritten, the form should be laid out 
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to minimiie typing time. Vertical spac- (or ten) characters per inch horizontally 

ing from the top of the form and be- (except for special machines). For long- 

tween successive lines should be planned ^nd, use from one-sixth to one-half 

to eliminate vertical position adjust- inches per line vertically and one-eighth 

ments. Variable data should be aligned to one-quarter inches per character hori- 

vertically, utilizing the left margin stop zontally, depending on skill of writer 

and tabulating stops to minimize visual and conditions of writing. For type-set 

positioning and the number of horizontal forms, vertical spacing should be speci- 

skip spacings. fied in “points” (approximately 72.2 

5. Plan spacing to amt the writing points per inch). 
method. For typing, use six, three, or 6. Avoid uaeleaa Unea. The general 
two lines per inch vertically, and twelve purpose of lines on a form is to improve 

FIG. 6.13 A SIMPLE PRINTED FORM ILLUSTRATING 
GOOD .PLACEMENT OF INDEXING AND 
POSTING DATA, LOGICAL GROUPING AND 
NATURAL SEQUENCES OF INFORMATION, 
efficient use of AREA, ADEQUATE WRIT¬ 
ING SPACE (handwritten), AND MINI¬ 
MUM SIZE (standard 3"x5" card). 

NOTE THREE FUNCTIONS OF MAIN PARA¬ 
GRAPH : IDENTIFYING THE FORM AND ITS 
PRIMARY PURPOSE, SERVING AS AUTHORI¬ 
ZATION STATEMENT, AND HELPING TO DE¬ 
FINE ADJACENT ITEMS OF VARIABLE DATA. 

RECEIPT STATEMENT DEFINES MAIN PUR¬ 
POSE OF BOTTOM SECTION AND SERVES TO 
SPECIFY AND IDENTIFY DATA TO BE EN¬ 
TERED THERE. DOUBLE RULE HELPS IN¬ 
STRUCT ORIGINATOR AND DIVIDE DATA OP 
DIFFERENT WRITERS', OTHER LINES ABB 
ALL FUNCTIONAL. 



(NAMC or BMPLOVEKI 


IMDOB NO.) 


THE ABOVE EMPLOYEE IS REQUIRED TO WORK 
TWO OR MORE HOURS OVERTIME ON: 
AND IS HEREBY AUTHORIZED TO RECEIVE 

DINNER MONEY 


(BIONatURE op EUPERVISOR) 


(DEPARTMENT) 


(AUTHORIZED APPROVAL EIONATURE) 


Account 


RECBVB) OF PETTY CASH THE FOUOWING AMOUNT) 


tEIONATURS OP EMPLOTU) 


(DATS) 
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the readability of variable mformaticm 
by fixing the position of each item and 
by segregating adjacent data. Lines are 
particularly helpful on handwritten 
forms. However, lines have several dis¬ 
advantages. They take up space (the 
heavier the line the greater the area of 
useless space on each side). Vertical lines 
are restrictive. Horizontal '•lines (par¬ 
ticularly “leader” lines) may interfere 
with typewritten data or necessitate 
frequent vertical adjustment of the 
machine 

11.4.3 Static data. 1. Captions. The 
preprinted captions must serve two pur¬ 
poses—telling the writer what variable 
data is to be recorded and in what way 
and identifying the written information 
for the reader. Obviously, for Class A 
forms the captions should be primarily 
instructions to the writer, whereas for 
Class Z forms, the captions are primarily 
to identify and explain the variable in¬ 
formation. Unfortunately, there is a 
strong tendency to word the captions 
with exactly the opposite point of view 
in each case. Consequently, many Class 
A forms are confusing to the people wha 
make them out, and the information 
reported is frequently misleading and 
unreliable. Conversely, many Class Z 
forms are confusing and difficult for the 
recipients to decipher. 

Most of the forms used internally in 
an organization are neither Class A nor 
Class Z, but fall somewhere in between. 
(See Fig. 6.12, Art. 10.3.5.) Here, it is 
necessary to anticipate the problems of 
the people deriving and recording the 
information, and to devise captions that 
serve both to instruct the writer fully 
and to identify clearly the written infor¬ 
mation for the readers. The captions 
should be complete, specific, and well- 
chosen. 

2. Instructions. It is often desirable to 
preprint on the form instructions about 
filling it out or using and distributing the 
copies. This is particularly appropriate 
for Class A forms and frequently for 
Class Z forms. Such instruction should 
be clear, complete, and as concise as 
possible. They should be written for the 
person to whom they are directed. 
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3. Form identification. Most forms 
should carry a title. On Class A or Class 
Z forms, the title should be prominent; 
on intermediate forms (for example, 
one writer and one reader) the title 
is incidental and may sometimes be 
omitted. There is a strong tendency to 
place the title in large letters across the 
top center of the form. Except for cer¬ 
tain Class Z forms, it is often better to 
place key items of variable information 
in this valuable space and locate the 
title elsewhere. Each form should carry 
a form number to provide a positive 
identification of the form, an abbrevi¬ 
ated reference code, and possibly special 
information, such as date printed, quan¬ 
tity, type or class of form, or depart¬ 
ment using the form most often. The 
company name, trademark, address, and 
phone number should usually appear on 
forms which are sent outside the company 
but should be omitted on internal forms. 

4. Copy identification. For multiple- 
copy forms it is generally desirable to 
identify each copy of the set in one or 
more of the following ways: by color 
of paper, by copy-number designation, 
and by end-use department name. 

5. Serial number. Serial numbering 
costs very little or nothing on printed 
forms. If serial numbers are not required 
for a control purpose, they may never¬ 
theless be very helpful for abbreviated 
reference to particular issues of the form 
in correspondence and conversation or 
on related forms. 

6. Static data should be less promi¬ 
nent than variable data. The variable 
information written on a form is that 
which is useful to the reader. It should 
be readily distinguishable from the static 
information; it should stand out and 
be easy to locate and read. Thus, the 
static information should be printed in 
relatively small, light-faced type. If the 
variable data is to be typed, the static 
data should not be in the same type face 
and color. 

11.4.4 Duplicating or purchasing 
specifications. The final step in design¬ 
ing a form should be to supplement the 
drawing of the form with written speci¬ 
fications covering type of form, number 
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and sequence of copies, weight and grade 
of paper, color of ink, punching and per¬ 
forating, serial numbering, quantity, 
packaging, delivery date, whether or not 
a proof is desired, and other instructions. 

11.5 DESIGN OF ADMINISTRATIVE 

CONTROL REPORTS 

A basic device for administrative 

control is a report which compares 
results against, plans and points out sig¬ 
nificant deviations, undesirable trends, 
and system trouble. The general purpose 
of a control report is to initiate correc¬ 
tive and preventive action and adjust¬ 
ment of plans as necessary to insure 
optimum conduct of some phase of the 
organization’s activities. Such reports 
are an extremely valuable management 
tool if they are properly designed. Un¬ 
fortunately, many are not. Following are 
some of the things that should be kept 
in mind when designing or redesigning 
an administrative control report. 

11.5.1 A control report must initiate 
useful action. Unless the periodic issu¬ 
ing of a control report results in the 
correction of errors or failures, unsatis¬ 
factory performance, operating plans 
which are no longer appropriate, or 
standing plans which are no longer 
suitable, nothing is accompli.shed by pre¬ 
paring and reading the report. 

If a report is to initiate useful action 
effectively, the following things are nec¬ 
essary. 

1. It must go to the proper person. 
First, the recipient must be endowed 
with sufficient authority to take effective 
action on problems disclosed by the 
report. Also, the recipient must be 
directly responsible for the activities to 
which the report relates. In general, 
then, a control report should go to a 
person in the proT'rr branch and at 
the proper level of the organization who 
can and will do something about the 
differences, trends, and points of trouble 
indicated by the report. Conversely, it 
is important that the report be so de¬ 
signed that things which are not within 
the control of the recipient are segre¬ 
gated from those which are. 
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2. It must be read and interpreted 
properly. In order to be read at all, a 
report must be logical, well organized, 
and self-explanatory. It must be inter¬ 
esting and to the point. It should con¬ 
tain only essential information. The 
higher the level in the organization to 
which it goes, the more concise it should 
be. To be interpreted properly, the 
terminology used in the report must 
be appropriate and definite. 

3. It must clearly point out the need 
for action. In .addition to reporting cur¬ 
rent results, a control report should 
provide a comparison with prior plans 
(for example, previous estimate, budget, 
schedule, or other predetermined stand¬ 
ard) ; or if this is not practicable, pres¬ 
ent results may be compared with past 
results. The report should be designed 
to point out differences and exceptions 
and to aid in thei:' evaluation. Significant 
deviations should be made to stand out 
clearly from other data by the format 
of the report. Thus the principle of 
management by exception should be ap¬ 
plied in the design of control reports 
so that those things most needing atten¬ 
tion are corrected and improved. 

11.5.2 A control report should serve 
specific objectives. A control report may 
be well arranged, logical, and interesting 
to read, yet fail to initiate any positive 
useful action. One cause of this is failure 
on the part of the author to define 
clearly the objectives of the report in 
terms of the specific kinds of actions it 
is intended to stimulate. A related cause 
is trying to make one report serve too 
many purposes. A general-purpose re¬ 
port usually falls short of being a satis¬ 
factory administrative control device, 
and becomes merely a means of dis¬ 
tributing information. 

11.5.3 Some desirable attributes for 
control reports. 1. Accuracy. Unless the 
reader has confidence in the reliability 
of the information presented in the 
report, either its effectiveness will be 
impaired or it will fall into disuse. In 
general, this problem of accuracy of 
information is a matter of properly de¬ 
signing the procedures, work methods. 
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and forms used in obtaining and com¬ 
piling the data for the report. 

2. Standardization. The more familiar 
the reader is with the report, the more 
efifective it will be. Thus, reading speed 
and comprehension are improved if suc¬ 
cessive issues of the report are stand¬ 
ardized with respect to arrangement and 
terminology. It is even desirable to be 
consistent about such things as color of 
paper, size, and other factors of appear¬ 
ance. More importantly, the nature and 
derivation of the information presented 
should be consistent from one issue to 
the next, not only for reader acceptance, 
but also to minimize the possibility of 
misinterpretation of the data. 

3. IntegrcAion. Ideally, each control 
report produced by the administrative 
systems of an organization should be an 
integral part of an over-all plan for 
coordination and contrftl. Reports should 
not overlap; they should complement 
and supplement one another. Highly 
condensed summary reports should agree 
with and tie into more detailed sub¬ 
sidiary reports. The data of reports is¬ 
sued from different departments (for 
example, cost accounting and production 
control) should be compatible. If possi¬ 
ble, related reports should be on a com¬ 
parable time basis. Also, of course, ter¬ 
minologies, definitions, and classifications 
should be consistent for all reports. 

4. Frequency and time lag. Timing is 
important. First, a periodic report 
should be issued at appropriate inter¬ 
vals. This is a question of balance be¬ 
tween the costs of preparation and use 
and the relative value of more frequent 
or less frequent publication. If a report 
is issued too frequently, its real benefit 
may actually decline; if it is not issued 
often enough, efforts to adjust and im¬ 
prove it may be unduly delayed on the 
average and in some cases opportunities 
may be lost. 

A control report should be issued reg¬ 
ularly and as promptly as possible. In 
general, the value of a control report 
declines rapidly with age. It is not un¬ 
common to find reports which are so 
obsolete at the time of delivery that the 
entire process of compiling and issuing 


them is worthless ntual. Thus the time 
lag between the close of the reporting 
period (or other controlling event) and 
the reading of the report shotild be as 
small as possible' on the average and 
should not vary significantly from one 
issue to the next. 

5. Cost. The total cost of compiling, 
publishing, distributing, and reading the 
report should be minimized and must be 
less than the value of the benefits it 
produces. Often, in the interests of low 
cost and speed, a typewritten report 
should be produced on a preprinted 
form, and in many cases typewriting 
should be replaced with handwriting. 

11.5.4 Some other classes of reports. 
Some reports are not control reports 
because they are not designed to initi¬ 
ate useful action. However, many such 
reports are worthwhile because they 
transmit information which is used by 
the recipient in making plans and deci¬ 
sions and guidmg future action. Unfor¬ 
tunately, there are also many of these 
“information” reports which are unnec¬ 
essary when looked at from the over-all 
company point of view. This is also true 
of extra copies of control reports and of 
necessary information reports. 

Many reports are requested and read 
religiously out of curiosity. Others 
which are not read are received and filed 
“just in case" or “for future reference.” 
In other cases, reports are compiled es¬ 
sentially to achieve publicity and recog¬ 
nition for the originating department. 
Such reports are usually prepared in 
multiple copy and widely distributed. 
Although the effort of the originator 
may be well intended, the result is often 
Useless expense which should be elimi¬ 
nated. 

12. SYSTEM METHODS AND 
DEVICES* 

The costs of jierforming the nec¬ 
essary repetitive tasks of a system 
depend on the work methods, which in 

* Much of the material for this article 
was compiled and prepared for publication 
by Creed H. Jenkins, Procedures Analyst, 
Varian Associates. 
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turn depend on the devices with which 
the people work. Part of the job of the 
system designer is to devise or select the 
tools of the system. These may range 
from forms through furniture and filing 
equipment to complex mechanical and 
electronic machines. 

Standard commercially available 
equipment is generally more economical 
in the long run than home-made equip¬ 
ment. However, it should be noted that 
the only inherent advantage of standard 
equipment lies in the cost of acquisition 
and maintenance. Frequently, a special 
purpose device can be designed which is 
far superior with respect to labor sav¬ 
ings and/or providing assurance against 
system failures. (See Figs. 6.20 and 6.24 
for examples.) One common mistake is 
to purchase or rent a complete “system” 
of standard commercial equipment and 
allow the work methods to be deter¬ 
mined wholly by the requirements of 
the equipment and the recommendations 
of the salesmen. Unless the work of the 
system consists of very commonplace 
tasks, such as in billing or payroll func¬ 
tions or in library operations, these 
“equipment systems” frequently fail to 
satisfy fully the system requirements or 
to provide an acceptable approximation 
of minimum cost. The proper approach 
is to consider items of commercially 
available equipment as potentially useful 
tools and to work out alternative meth¬ 
ods of performing the necessary tasks, 
using these devices in various combina¬ 
tions to the best advantage. 

The objective of this article is to pro¬ 
vide a starting point for ideas about 
alternative methods of performing sys¬ 
tem tasks. The plan is to describe some 
of the common types of equipment and 
to point out how they work, what they 
can be expected to do, and the principles 
of system and procedure which they 
implement. 

12.1 INPOBMATION ACCUMULATING 

AND STORAGE MESTHODS 

The cost factors to be considered 

in selecting equipment for a large 
volume record keeping problem are: 
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1. Cost of clerical labor lor adding, 
deleting, finding, reading, and uang 
record information. 

2. Cost of equipment, including costs 
of capital recovery, return on invest¬ 
ment, insurance, property taxes, and 
office space. 

3. Costs of supplies and equipment 
maintenance and operation. 

Ordinarily, the more expensive equip¬ 
ment involves concurrently higher oper¬ 
ating costs, and must be justified by 
savings in labor costs. The potential 
labor savings depend, of course, on the 
number of record items, the amount of 
information recorded for each, the fre¬ 
quency with which record items are 
added and removed, and the frequencies 
with which the information is posted 
and used. 

Many record keeping problems in¬ 
volve a decision between a multiple-item 
record (listing method) and a single¬ 
item record (individual card or sheet for 
each unit item). In general, list-type 
records are seldom satisfactory if the 
number and sequence of items is subject 
to change by additions and/or removals. 
As compared to a deck of individual 
cards or sheets, which can be arranged 
in any classification and sequence and 
may be expanded or contracted readily, 
a list-type record is relatively inflexible. 
Ordinarily, an individual-item record 
costs more to create, but is likely to be 
easier to maintain and to be more useful. 
The types of equipment described below 
employ the single-item principle. 

12.1.1 Posting record equipment. The 
primary requirement for an item-by¬ 
item record to which information must 
be posted frequently is speed —speed in 
finding a given unit record, positioning 
it for use, reading it, writing on it, and 
putting it away. 

1. Visible margin files: The basic char¬ 
acteristic of visible margin equipment 
is that the unit records are filed in 
groups (of 5 to 100), and are fanned so 
that one margin (or two) of each card 
or sheet in the group is exposed for 
quick location and identification. 

A. Tray files: Unit records are re¬ 
tained in hinged-leaf fashion. Bottom 
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Courtesy of The Waasell Organization. 


FIG. 6.14 LEAF-TYPE VISIBLE MARGIN TRAY FILE. 

margin visible. To post or read, clerk date new items and consolidate depleted 
selects cabinet, selects and pulls out sections. 

tray, and locates and lifts leaves cov- 2. In-line files: The common types of 
ering desired unit record. (See Fig. in-line files are the ordinary vertical-bin 
6.14.) letter and card files, loose-leaf books, 

B. Tub files: Unit records are filed and rotary wheel files. Index tab dividers 

vertically, held in place by gravity, identify sections and sub-sections. To 

and positioned horizontally by notches locate an item within a sub-section, the 
in bottom edge. Side or angle-comer unit records must be separated man- 

margin is visible. To post or read, clerk ually.* With loose-leaf and wheel types, 

selects bin, spreads file at proper sec- posting and reading may be done with 

tion, and removes unit record to writ- the unit record in place. See Fig. 6.16. 

ing surface. File remains open for re- 12.1.2 Reference record equipment, 
insertion. (See Fig. 6.15.) Where information must be stored for 

C. Loose-leaf books: Unit records potential or periodic future use, without 

held in offset positions by uniformly the necessity of posting additional in¬ 
spaced posts or rings. Top or bottom formation to the unit records, the objec- 

margin visible. To post or read, clerk tives are to achieve speed in finding, 

selects book, opens to proper divider, using, and re-filing, and to save office 

and lifts sheets covering desired unit space. 

record. Particularly suitable for a small Any of the above posting record 
or moderate number of items. equipment may be used for reference 

In all types of visible margin files, 

unit records may be readily removed or * por vertical-bin files, cards are avail- 
added. Periodically, unit records must be able with builtrin magnetic strips which 
transferred between sections to accommo- spread them apart to facilitate selection. 
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Qillaspie, Aceounting Syitenu: Procedures and 
Methodt, p. 320. 


FIG. 6.15a VERTICAL-TYPE VISIBLE MARGIN TUB 

PILE. 


records. But in this case, except for 
loose-leaf books, the extra cost of a visi¬ 
ble-margin file over an in-line file is not 
justified as frequently as when posting 
is required. Small-card wheel files and 
magnetic-card vertical files are well 
suited for reference applications. 

Because the writing requirement is 
eliminated for reference records, there 
are many more alternatives of method 
and equipment, such as: 


1. Strip-record hoards. Item records 
are written on a perforated strip form, 
separated, and placed in a frame in 
proper sequence. Each unit record in 
the frame is entirely visible. Frames are 
usually hinge-mounted on a fixed or 
rotary holder. Suitable where record 
required for each item is brief and of 
standard form. 

2. Folder-and-guide files. This classi¬ 
fication includes all the common vertical 


FIG. 6.15b SET OF RECORD FORMS FOR VISIBLE 
MARGIN TUB FILE. 



Gillespie, Accounting Syeteme: Proeedurae amd Methods, 
p. 819. 
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Courtesy of Wheeldei & Simpla Products, laa. 


FIG. 6.16 A WHEEL-TYPE IN-LINE FILE SUITABLE 
FOR POSTING RECORDS. 


in-line file methods and equipment. 
Widely applicable for records which are 
not referred to often and particularly for 
paper documents of letter size or mixed 
sizes. 

3. Racks and clip boards. For tempo¬ 
rary filing of standard sized cards or 
slips with each item or small group of 
items visible for quick reference or use. 
Figure 6.17 illustrates a type of clip¬ 
board file which is available commer¬ 
cially. 

4. Microfilming. Essentially a means 
of copying original documents and stor¬ 
ing the information (and facsimile) in 
compact, durable form. Most applicable 
for storing long-retention records, for 
copying documents which cannot be re¬ 
tained, and for transmitting large vol¬ 
umes of written material long distances. 

5. Sound and code recording. Infor¬ 
mation may be recorded in oral form for 
subsequent transcription or reference 
either magnetically, on tape or drum, or 
mechanically, on plastic disk, band, or 
drum. Coded information may be re¬ 
corded in the same ways or on punched 
cards or punched tape for subsequent 
input into mechanical or electrical de¬ 
vices for interpreting, computing, tabu¬ 
lating, or repetitive reproduction. 


12.2 WORK PLANNING AND PROGRESS 
CONTROL DEVICES 

12.2.1 Definitions. To select or 
design intelligently a device to aid 
in planning and/or controlling repetitive 
work, it is first necessary to have a clear 
idea of the functional purposes the de¬ 
vice is to serve. Therefore, it is helpful 
to break down the general area of work 
planning and control into more specific 
administrative functions and to define 
some tenninologies as follows: 

1. Load planning: Deciding upon the 
assignment of tasks to departments, 
men, machines, plants, or contractors, 
and determining the sequence in which 
the tasks assigned to each unit will be 
performed. This involves developing al¬ 
ternatives of work assignment, load, and 
sequence and deciding between these 
alternatives. 

2. Scheduling: Detailed planning of 
work with respect to time. In addition 
to load planning, may include any or all 
of the following: 

A. Establishing deadlines for start¬ 
ing and finishing tasks. 

B. Planning the coordination of 
various tasks. 

C. Planning the utilization of avail- 
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Courtesy of Industrial Dhrisioii, The McCsskey Register 
Company. 


FIG. 6.17 AN EXAMPLE OF A CLIP-BOARD TYPE OF 
FILE. 


able time of men and machines intti- 
vidually or by groups. 

3. Progress control: Involves compar¬ 
ing results against plans when both are 
related to time, for the purpose of di¬ 
recting supervisory effort to significant 
deviations which require corrective ac¬ 
tion. Progress may be compared with 
formal projected plans, as trhen progress 
control is coupM with load planning 
or scheduling, or may be compared with 
past performance or current average 
performance. 

12.2.2 Selecting work planning and 
progress control devices. The primary 
purpose of a device for use in work 


planning and/or progress control should 
be to implement satisfactory perform¬ 
ance of the desired administrative tasks. 
Thus, a load planning or scheduling de¬ 
vice should be a means of improving the 
chances that the plans which are devel¬ 
oped will work satisfactorily and of help¬ 
ing to prevent or disclose inconsistencies, 
conflicts, omissions, and other planning 
mistakes. A progress control device must 
systematically provide a useful com¬ 
parison of current status against plans 
in such a way as to help prevent over¬ 
sights and failures to take necessary cor¬ 
rective action. In general, a device for 
any of these purposes is more effective 
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Courtesy of Industrial Division, The McCaskey 
Register Company. 


FIG. 6.18 EXAMPLE OF A PLANNING AND DISPATCH 

ING RACK. 


if it offers a means of visualizing the 
established plans and critical relation¬ 
ships quickly and comprehensively. Also, 
of course, it should help to reduce the 
time and effort required to do the job, 
12.2.3 in-line files and racks. The 
simplest type of work planning device 
is a file or rack into which cards or slips 
for the various tasks to be assigned can 
be sorted and arranged in proper se¬ 
quence. Frequently, a rack or file used 
in load planning can also be used to 
“dispense” the tasks at the place of use. 
(See Fig. 6.18.) In-line files and racks 
are generally not suitable for scheduling 


but may be adapted for progress con¬ 
trol (see Art. 12.3.6). 

12.2.4 Gantt-type charts. The essen¬ 
tial feature of a Gantt-type chart lies 
in plotting plans and/or progress in 
relation to time. Charts with this time- 
scale feature have been devised for a 
wide variety of applications to load 
planning, scheduling, and progress con¬ 
trol problems. The original charts, de¬ 
veloped by Henry L. Gantt, incorpo¬ 
rated an ingenious set of techniques and 
conventions which made it po^ible to 
maintain them cumulatively without the 
necessity of deleting previous informa- 
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12.2J] 

tion* (See Fig. 6.19 for examples of 
the basic kinds of Gantt-type charts.) 

12.2.5 Track boards. Figure 6.20 il¬ 
lustrates a modern development of the 
Gantt charts designed to eliminate the 
labor of drawing, thereby facilitating 
trial-and-error planning and scheduling, 
periodic revamping of plans, and fre¬ 
quent posting of progress. Typically, 
such boards consist of a horizontal track 
for each machine or unit to which work 
is to be scheduled. A suitable time scale 
is marked off horizontally from left to 

*See Wallace Clark, The Gantt Chart 
(London: Issaac Pitman and Sons, Ltd., 
1947) for detailed information concerning 
the construction and application of Gantt 
charts. 


right. For load planning or scheduling, 
job cards (and possibly set-up time 
cards) which are cut to time-length may 
be placed m the tracks in any desired 
order and position. With the addition of 
suitable time and progress markers, 
such boards can be adapted for progress 
control of either continuous tasks or 
discrete jobs. 

12.2.6 Leaf-type visible margin tray 
files. Progress control and follow-up 
initiation can be incorporated with rec¬ 
ord keeping by using signals and mark¬ 
ers available for equipment of this type. 
(See Fig. 6.21.) 

12.2.7 Visible margin leaf boards. 

The device illustrated in Fig. 6.22 is an 
adaptation of the leaf-type visible mar- 


6.19a A LOAD PLANNING CHART. SHOWS FOR 
EACH MACHINE THE WORK AVAILABLE 
EACH WEEK (LIGHT LINES) AND THE 
TOTAL BACKLOG (HEAVY LINE), 

6.19b A PROGRESS CONTROL CH.ART FOR A 
CONTINUING ACTIVITY (DEPARTMENTAL 
PRODUCTION BY PRODUCT GROUPS). 
WEEKLY NUMBERS INDICATE WORK 
SCHEDULED, ACTUAL WORK ACCOM¬ 
PLISHED, AND CUMULATIVE WORK 
SCHEDULED. BARS INDICATE CUMULA¬ 
TIVE PROGRESS AGAINST SCHEDULE TO 
DATE. 

6.19e A MACHINE SCHEDULING CHART, 
SHOWS PLANNED STARTING AND COM¬ 
PLETION TIME FOR EACH JOB SCHED¬ 
ULED TO EACH MACHINE. ALSO INDI¬ 
CATES WORK ASSIGNMENT OF (KEY 
punch) OPERATORS.* 

6.19cl A JOB SCHEDULING AND PROGRESS 
CONTROL CHART ILLUSTRATING APPLI¬ 
CATION OF GANTT “layout” CHART TO 
COMPLEX TASKS. THIS TYPE OF CHART 
IS COMMONLY USED FOB FOLLOWING 
PROGRESS OF JOBS SCHEDULED TO 
MACHINES. 

* Data courtesy of Clark Maxon, ID.M. 
Supervisor, Varian Associates. 
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FIG. 6.20 SECTION OF A TRACK BOARD USED FOR 
MACHINE SCHEDULING. INSERTS BETWEEN 
JOB STRIPS INDICATE SETUP TIME. TRACKS 
ARE PRICE TAG MOLDING. 

gin file to Gantt chart principles and particularly suitable for scheduling and 

purposes. It is a highly versatile and progress control of discrete jobs where 

effective tool for a wide range of repeti- a large number of machines must be 

tivc planning and control problems, scheduled. Standard equipment of this 

readily adaptable for planning and prog- type is available commercially, 
ress control of continuing tasks and 12.2.8 Peg boards. The type of board 


FIG. 6.21 EXAMPLE OP THE USE OF SIGNALS AND 
MARKERS WITH A LEAF-TYPE VISIBLE 
MARGIN RECORD. 








no. 6.22 DEMONSTRATION SETUP OP A VISIBLE 
MARGIN LEAF BOARD SHOWING SOME TYP¬ 
ICAL APPLICATIONS OF THIS EQUIPMENT. 






Courtesy of The Wossell Organization. 

PIG. 6.23 100-iTEM “produc-trol” peg board. 


illustrated in Fig. 6.23 is most suitable 
for load planning and for status or 
progre.ss control of continuing functions, 
such as material procurement, standard- 
process production, and sales evalua¬ 
tion. 

12.2.9 Progress status file. Figure 
6.24 illustrates a device called a "prog¬ 
ress status file” which was design^ to 
facilitate job progress control where 
detailed scheduling is not practicable. 
It provides a visual comparison of the 
progress of any one job with that of 
similar current job®. It is particularly 
applicable to work-in-process expediting 
and follow-up problems. 


12.3 HAND SORTING AND SEI.,ECTING 

DEDUCES 

12.3.1 Manual sorting aids. 

Table-top .sorting operations are 
usually good candidates for work simpli¬ 
fication. If the sorting cannot he com¬ 
bined with a filing operation, it can often 
be facilitated with a leaf sorter or special 
rack. Leaf sorters for classifying and 
sequencing documents manually are 
available in a variety of sizes and types 
(for example, see Fig. 6.25). For many 
sorting jobs, it may be worth while to 
design a special rack with labeled pigeon 
holes, notches, dots, or shelves. 






FIG. 6.24 ‘‘PEOGKESS STATUS PILE.” JOB CARDS ARE 
FILED BY JOB NUMBER (WHICH ARE AS¬ 
SIGNED CHRONOLOGICALLY BY DATE OF 
release) . CURRENT LOCATION OF JOB IS 
SHOWN BY “tab” CARD PLACED IN FRONT 
OP JOB CARD. WHEN JOBS ARE REI'ORTED 
TRANSFERRED FROM ONE STA(.E OF PROC¬ 
ESS TO ANOTHER, THIS INFORMATION IS 
POSTED TO FILE BY SWITCHING TAB CARDS. 
(any error in POSTING JOB PROGRESS 
IS AUTOMATICALLY CORRECTED IN NEXT 
POSTING.) JOB CARDS MOVE TOWMiD REAR 
OF FILE AS CARDS FOR COMPLETED JOBS 
ARE RE.MOVED AND CARDS FOR NEW JOBS 
ARE ADDED IN FRONT, IF PROGRESS IS 
NORMAL, JOBS TOWARD THE REAR WILL 
SHOW TABS TOWARD THE RIGHT SIDE, AND 
VICE VERSA. JOBS WHICH ARE DELAYED IN 
RELATION TO THE OTHERS STAND OUT 
WITH TABS APPEARING IN LEFT REAR AREA 
OF THE FILE, THE LONGER A JOB IS DE¬ 
LAYED THE MORE IT STANDS OUT. STATUS 
OF ANY JOB MAY Be'IiEADILY DETERMINED. 
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FIG. 6.25 A LEAF-TYPE SORTING AID. 

12.3.2 Marginal-punched cards.* If 

each record item can be written on a 
card form on which the key classifying 
data is coded in the form of holes and 
notches along the margins, the cards can 
then be selected or sorted mechanically. 
Cards for this purpose are manufactured 
with a series of holes along one or more 
margins. After it is made out, each card 
is coded by notching out selected holes. 
Then, if a rod is passed through the set 
in a given hole position and raised verti¬ 
cally, all cards which are not notched in 
that position are lifted from the set and 
those which are notched remain in place 
(see Fig. 6.26). By proper design of the 
coding and selectiisg procedures, re- 

*See Robert S. Casey and James W. 
Perry, Punched Cards, Their Application 
to Science and Industry (New York; 
Reinhold Publishing Corp., 1951), for a 
thorough treatment of punched card prin¬ 
ciples, techniques, equipment, and applica¬ 
tions (particularly edge-punched hand-sort 
cards). 


Courtesy of LeFebure Corpontioa. 


quired group segregation and sorting 
operations can be accomplished rapidly 
with minimum chance of error. 

Edge-punched cards are particularly 
suitable where the same body of inter¬ 
related data must successively be sorted 
and classified three or more times in 
different ways. Some typical industrial 
applications are for personnel records, 
material order planning, production 
scheduling, and cost distribution. Prin¬ 
cipal limitations are in the amount of 
information which can be coded into the 
number of hole positions available 
(which depends on card size) and the 
time and skill required to notch and 
manipulate the card. 

12.4 AUTOMATIC INFOBMATION-PBOC- 
ESSINO MACHINES 

Mechanical and electrcmic ma¬ 
chines which will automatically 
perform auch tasks as sorting and col¬ 
lating, comparing and computing, and 
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Courtesy of the Mcbee Company. 

FIG. 6.26 HAND SORTING A SET OF MARGINAL* 

PUNCHED PER.SONNEL RECORD CARDS. 

summarizing and printing are rapidly favorably each year with macliine work, 
becoming commonplace administrative considering costs, availability, and rela- 
tools. Ultimately, even small business tive reliability. 

organizations will find it necessary to 2. Speed is becoming a more critical 
employ the services of such machines, requirement. The value of decision-mak- 
Machines which are now economical ing information which is more current, 
only for large corporations and govern-* and of reduced system delay and time 
ment services will be prototypes for lag, is steadily increasing, 
simpler, smaller, less complex machines 3. Many data processing tasks are not 
for tasks of lesser magnitude. The larger practicable on a systematic basis except 

machines themselves will be improved by automatic machine, yet the demand 

and be more widely used on a service- for better and more frequent analyses, 

center basis.* The reasons are simple: summaries, and computations is grow- 

1. For highly repetitive tasks, skilled ing. 
clerical labor compares less and less 12.4.1 Posting and billing machines. 

* The problem of transmitting informa- A variety of machines are available 
tion to and from data processing service which perform such elementary auto- 
centers will perhaps be resolved by direct matic operations as selecting, comparing, 
telegraphic or microwave communication, computing extensions and ratios, and 
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FIG. 6.27 HOW INFORMATION IS PUNCHED INTO A 
CARD (IBM system). THIS SAMPLE CARD 
reads: ABCDEFGHIJKLMNOPCiRSTUVWXYZ 

0123456789, using 36 of 80 available 

COLUMNS. 


writing the results in end-use form. Such 
machines are most commonly used in 
special-purpose functions such as ac¬ 
counts payable, payroll, general ledger 
accounting, cost accounting, and occa¬ 
sionally in systems for materials control 
and production control. 

12.4.2 Punched card machines. The 
most versatile automatic data process¬ 
ing machines available for industrial 
systems are the so-called “tabulating 
machines” which utilize the punched 
card principle. Each unit set of data to 
be processed by such equipment is 
transposed from the written source 
document to a card in the form of holes 
made in predetermined locations. (See 
Fig. 6.27.) The various machines “read” 
the information on the cards by sensing 
the presence or absence of a hole (or 
hand-made mark) at each location. 

Automatic operations that can be per¬ 
formed separately or in various combi¬ 
nations by these machines include; 

1. Sorting, selecting, merging, and col¬ 
lating. 

2. Comparing, matching, and verify¬ 
ing. 

3. Copying punched information from 


a master card to one or more other 
cards. 

4. Counting and calculating. 

5. Punching machine results into 
cards. 

6. Transposing hand-marked card 
data into punched-hole form. 

7. Transposing data from punched 
cards to punched tape, and vice versa. 

8. Printing on single and multiple- 
copy forms, duplication masters, and 
other types of forms, or onto the ma¬ 
chine cards. 

9. Typewriting from tape and/or 
cards. 

Machine speeds run as high as 9,000 
cards per hour for printing, 12,000 per 
hour for reproducing, and 25,000 per 
hour for sorting. 

12.4.3 Electronic computers. For ultra 
high-speed calculating, electronic digital 
computers have been developed which 
employ the binary counting system to 
perform numerical operations. Machines 
of this type vary from extremely large, 
complex, and expensive installations 
which are capable of solving problems 
not otherwise solved practically, to rela¬ 
tively small general purpose calculators 
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which are used in conjunction with 
punched card machines. The former are 
useful primarily for complex technical 
and econmnic problems of very large 
magnitude (in terms of numerical oper¬ 
ations). The latter are suitable for rou¬ 
tine calculating in administrative sys¬ 
tems, particularly where punched card 
and/or punched tape machines are em¬ 
ployed. For special purpose applications, 
such as sales stock inventory control, it 
has proven practical to tally information 
into the electronic memory of a com¬ 
puter without going through the me¬ 
dium of punched cards or tapes. 

12.4.4 Input and output. The key 
problems for system analysts and equip¬ 
ment manufacturers with respect to the 
use of present and future automatic 
data processing machines are the meth¬ 
ods of feeding information into the 
machine with minimum cost and time 
and of putting out the results in the 
most economical and practical form. The 
problem of equipment manufacturers is 
to develop and make available better 
equipment and techniques. The problem 
of the system analysts is to work out 
satisfactory low-cost procedures and 
methods for obtaining the data and pre¬ 
paring it for input and for using the 
machine results. 

An ultimate objective which may be 
attainable in many cases is to eliminate 
the work of putting the data into writ¬ 
ten form prior to input and likewise to 
eliminate output printing of intennedi- 
ate data which must then be interpreted 
and acted upon to achieve the desired 
end results. For a purchased parts in¬ 
ventory, for example, stock receipts and 
withdrawals might be dialed or punched 
by the stock clerk directly to the ma¬ 
chine, instead of being written on forms, 
transmitted by messenger, and key 
punched into cards or tape. On the other 
side, purchase orders might be printed 
by the machine automatically, in ac¬ 
cordance with standard instructions, 
whenever dictated by the cumulative 
transaction data. Administrative effort 
would then be reduced to reviewing con¬ 
trol reports and changing instructions 
to the machine as necessary. 


12.5 DUPLICATION MBTHODS AND 
EXIUIPMENT 

Following are brief demiriptions of 
the most important of the dupli¬ 
cating processes commonly employed in 
administrative systems for reproducing 
copies of filled-out forms. 

12.5.1 Contact photoprinting. These 
processes use a photo-sensitized paper 
which is exposed to intense light and 
then developed chemically to produce 
a facsimile of the oiiginal copy. 

1. Direct process. Light passes through 
master (or document to be reproduced), 
exposing photo-sensitive surface of sheet. 
Print is then developed by contact with 
vapor or liquid agent. (See Fig. 6.28.) 
Exposure time depends on relative trans¬ 
parency of master. Documents on heavy 
paper, particularly sulphite grades, will 
not print satisfactorily. 

2. Reflex contact process. Light passes 
through photo-sensitive film sheet and 
is reflected back from document to be 
copied. Reflected light creates image ex¬ 
posure on film. Film is then developed 
and used as a transparent master for 
making direct contact photoprint copies. 
This process can be used for reproducing 
copies of reports, charts, and schedules 
from a.sseinblies of strip or visible-mar¬ 
gin forms or for cojiying documents 
written on heavy paper or card stock. 

12.5.2 Hectograph duplicating. 1. 
Spirit process. Copies are produced from 
master by pressing sheets which have 
been wet with special solvent against 
the reverse side of the master on which 
the (negative) image has been printed 
by means of special carbon paper. (See 

• Fig. 6.29.) Static data may be preprinted 
on master set by letterpress; variable 
data is added by typewriter or pencil. 
The most satisfactory dye is purple in 
color; other colors are available. Spe¬ 
cial paper is required. 

2. Gelatin process. Image is written 
on front face of master using a special 
pencil, typewriter ribbon, or carbon 
paper. Negative image is impregnated 
into gelatin sheet by contact with mas¬ 
ter. Copies are produced by pressing 
blank sheets against surface of gelatin 




~->and Sensitized Copyflex Paper 


Colirtcsx of Charles R. Bruninz Company, Inc. 

PIG. 6.28 SCHEMATIC DIAGRAM OF A DIRECT PHOTO¬ 
PRINT COPYING PROCESS. 


— a, thin layer of gelatin, with impreg¬ 
nated image, is transferred to each sheet. 
Particularly suitable for reproducing re¬ 
ports larger than x 13 where rela¬ 
tively few copies are required. 

12.5.3 Offset duplicating. A simplified 
form of offset printing utilizing paper 
masters on which variable data may be 
entered with a special pencil, pen, type¬ 
writer ribbon, or carbon paper. Static 
data is preprinted on master. In dupli¬ 
cating copies, master is coated with ink- 
repelling fluid so that ink adheres only 
to image. Inked image on master (posi¬ 
tive image) is transferred to “blanket 


roll” (negative image), and thence to 
paper (positive image). (See Fig. 6.30.) 

12.5.4 Stencil duplicating. The basis 
of this process is transferring ink 
through a stencil master onto the paper. 
Stencils are made by typewriter or by 
hand with a stylus. Masters are made of 
wax-impregnated fibrous paj^er, thin- 
coated cloth, or plastic. Special ab¬ 
sorbent paper is required. Equipment is 
available for general purpose office 
duplicating and for small-plate address¬ 
ing and card duplicating. 

12.5.5 Relief duplicating. The essen¬ 
tial feature of this process is the use of 


FIG. 6.29 SCHEMATIC DIAGRAM OF A SPIRIT HECTO 
GRAPH DUPLICATING PROCESS. 
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Courtesy of Adtliessograpli-MultiRiaph Corpoiation. 


FIG. 6.i0 SCHEMATIC DIAGRAM OF AN OFFSET PRINT 
DUPLICATING PROCESS. 


a metal plate on which the image has 
been embossed by machine. Copies 
are produced by pressure imprinting 
through inked ribbon or carbon paper. 
Primary application is in addressing and 
small card duplicating. 


13. MATERIALS CONTROL SYS¬ 
TEMS* 

Management of materials inven¬ 
tories is a problem of administra¬ 
tive control. As such, materials control 
implies the rational determination of 
objectives, establishment of plans and 
standards, and comparison of actual per¬ 
formance with that which was intended. 
Implementation of materials control re¬ 
quires system—procedures, devices and 
people, policies and criteria, and organi¬ 
zation. 


* This article was written by Clark 
Henderson, Associate Operations Research 
Analyst, Stanford Research Institute, in 
cooperation with the author. 


13.1 ECONOMY IN MATERIALS CON¬ 
TROL systems: the objective 

Materials economy, or the man¬ 
agement of materials without 
waste, should be the primary objective 
in materials control systems. Compre¬ 
hensive measures of economy probably 
cannot be stated in quantitative terms 
because of the dilhculty of reducing the 
values of the services rendered by the 
system to money terms. However, the 
engineering economy point of view of 
increment costs and differences between 
alternatives is most helpful. It is there¬ 
fore well, at the outset of a treatment 
of material control systems, to review 
some of the costs of material control 
and the lack thereof. It is emphasized 
that the total costs should be minimized. 
Ordinarily, this means that no single 
class of costs can be reduced to the 
ultimate limit without disproportionate 
increase elsewhere. 

13.1.1 Costs of shortages. The failure 
to have correct materials at hand when 
needed will usually cause idleness, re- 
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scheduling, rerouthm^ substitution, over¬ 
time, delayed completion, or similar 
wasteful corrective measures. The fre¬ 
quency and duration of shortages is 
one of the major economic variables 
which a suitable system should control. 

13.1.2 inventory investment. Substan¬ 
tial inventory investments are generally 
necessary and economical; however, an 
increase beyond the optimum quantity 
will divert working capital from profit¬ 
able uses and will increase insurance, 
property taxes, and losses through de¬ 
terioration or obsolescence. The com¬ 
bined sacrifice of earnings and increase 
in costs is commonly as high as 15 per 
cent of inventory investment per year, 
and is often substantially greater. 

13.1.3 Storage costs. The costs of 
storage, in a comprehensive use of the 
term, will depend upon the amount and 
kind of space used and the number and 
size of movements in and out of storage. 
Bulk storage of a limited variety of 
materials having infrequent receipts and 
issues will be relatively inexpensive. This 
tends to favor standardization and 
simplification to reduce the variety of 
items and to increase the size of average 
transactions, to centralize storage to 
allow for maximum space utilization, 
and to lower inventories. On the other 
hand, engineering and manufacturing re¬ 
quirements tend to limit the degree of 
simplification. Also, the need for prompt 
issues for known purposes tends to favor 
small issues from decentralized areas, 
and the advantages of large orders and 
less frequent procurement at quantity 
discounts and quantity freight rates tend 
to increase quantities on hand. It is 
clear that storage costs are sensitive 
to many economic factors and that the 
long-run effects of proposed changes 
upon storage costs may be difficult to 
trace. A detailed investigation of storage 
economy is especially appropriate when 
a storage saving or cost is tised in com¬ 
paring alternative methods of material 
control- 

13.1.4 Clerical and administrative 
costs. Materials control systems have 
far-reaching clerical and administrative 
cost effects. Many treatments of this 


subject are confined almost entirely to 
describing <eimple means for reducing 
wages or salaries of personnel directly 
engaged in the system work. Although 
this is the most obvious measure of 
economy, it is a poor practice to pro¬ 
ceed too directly or arbitrarily in efforts 
to cure problems of excessive cost by 
amputation. Merely reducing direct pay¬ 
ments to personnel through the elimina¬ 
tion of workers, or the use of less well 
qualified employees, may prove ex¬ 
tremely expensive in time of salesmen, 
production control personnel, foremen, 
accountants, and purchasing people. 
This is true because a shortcoming in 
performance by the material control 
system may require costly corrective 
action by highly paid personnel in one 
or more of the other departments of 
the company. 

One general alternative is to overhaul 
the present methods and procedures. Al¬ 
though this may involve a sizable origi¬ 
nal cost, continuing annual outlays for 
equipment and su])plies, and perhaps 
even an increase in clerical and ad¬ 
ministrative labor, it is frequently possi¬ 
ble to gain worthwhile improvements 
in all other important aspects. 


13.2 MATERIALS CONTROL DEVELOP¬ 
MENT AND ORGANIZATION 

For effective materials control, the 
following things are required: 

1. Standardization and specification of 
materials. 

2. Development of classifications and 
symbols. 

3. Specialization of facilities and 
equipment. 

4. Specialization of personnel for rec¬ 
ords keeping, receipt, custody, issue, 
returns, and planning. 

5. Development of media for record¬ 
ing and transmitting infonnation. 

6. Development of procedures for 
communication and coordination, par¬ 
ticularly between materials control and 
engineering, production control, pur¬ 
chasing, receiving, inspection, and the 
cost and inventory functions. 
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7. Development of management 
standards and budgets. 

The management problems inherent 
in establishing and maintaining the 
above dictate a centralization of au¬ 
thority and responsibility in a depart¬ 
ment, division, or section of the 
industrial concern. The location of tlus 
unit in the organization varies greatly 
between businesses. In manufacturing 
concerns which make assembled prod¬ 
ucts, materials control can ordinarUy be 
part of a strong production planning 
and control unit separate from purchas¬ 
ing, receiving, storage, and accounting. 
It is xisually good practice to separate 
the organization units concerned with 
physical custody of materials from those 
concerned with record keeping and to 
divide the record keeping functions to 
provide internal checjcs and to fix re¬ 
sponsibilities, The problems of protect¬ 
ing the concern against dishonest or 
careless conduct must, of course, be 
given a high priority where valuable 
items of common utility are involved. 


13.3 MATERIALS CONTROL IMPLIES 

PROCESSING INFORMATION 

Systems are developed for physi¬ 
cal and quantitative control over 
materials, but the system itself deals 
exclusively with information about ma¬ 
terials. This information about materials 
must be generated, reduced to usable 
form, recorded, transmitted, manipu¬ 
lated, and stored. This point is empha¬ 
sized because of the rapid progress of 
electronics engineering in the develop-, 
ment of high-speed information process¬ 
ing machines. It is clear that one of 
the important industrial uses of this 
equipment will be in materials control 
systems. Progress in this direction will 
lessen current emphasis upon the im¬ 
portance of manual devices and forms 
for materials control, because with such 
equipment, information is handled in 
coded form except at the input and out¬ 
put stages. 

Neither conventional devices and 
forms nor electronic information proc¬ 


essing equipment will make deoioons 
or exercise judgment. The avenue of 
advancement in materials information 
processing, by whatever means, is in 
reducing the costs of routine clerical 
work and improving the accuracy, speed, 
quality, and completenera of informa¬ 
tion delivered to the decision maker. 


13.4 INVENTORY STATUS AND CHANGE 

DATA 

Any effort to control materials re¬ 
quires the accumulation of accu¬ 
rate information on the status of 
inventories and the processing of infor¬ 
mation about changes in status. 

13.4.1 Simple records and methods 
for simple cases. One plan is to rely on 
the memory of an individual for past 
status and change data and to supple¬ 
ment this periodically by review of the 
physical stock. It is unfortunate that this 
method, suitable for very limited appli¬ 
cation, is so often used. 

A somewhat better method is to use 
a simple bin tag on which all essential 
inventory and change data is kept at 
the point of storage. With close per¬ 
sonnel attention, this method may prove 
economical. For example, in a depart¬ 
ment making small power distribution 
transformers, large amounts of special 
paper were used to separate the succes¬ 
sive layers of copper wire. The paper 
was prepared within the department 
from large standard rolls. Withdrawals 
of prepared paper were made by the 
users. Bin tags showing additions to 
stock and, periodically, amounts on 
hand, provided sufficient information for 
planning the preparation of additional 
paper. When occasionally a shortage be¬ 
came imminent, preparation of a new 
supply could be start^ with but a short 
delay, and work rarely stopped. The 
only administrative cost was the peri¬ 
odic survey and coimt by the foreman’s 
clerk. 

One step beyond this is the two-bin 
or reserve stock method. In a typical 
application, a quantity of material cor¬ 
responding to the order point amount is 
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packaged separatdy and placed in re¬ 
serve. No cumulative record of inventory 
status and change is made. When the 
reserve stock package is opened, re¬ 
plenishment of the standard order quan¬ 
tity is begun. (For example, see Art. 
10.3.5.) 

All three of these schemes, as de¬ 
scribed, are deficient in their ability to 
provide planning or cost information. 
All are likely to produce serious errors 
\^hen applied over a large range of 
materials or when usage or availabil¬ 
ity conditions are subject to abrupt 
changes. 

13.4.2 Perpetual inventory records. 

Tlie next stage of refinement of status 
and changed record keeping requires 
continuing records summarizing the in¬ 
formation for each kind of material. In 
the simplest version, only receipts and 
issues are recorded, while the more com¬ 
plete versions will include the other data 
needed for predicting changeable quan¬ 
tity and time requirements. These rec¬ 
ords may or may not include cost 
information depending on the require¬ 
ments of the accounting system. 

Inventory records ordinarily are kept 
more or less remote from physical 
storage. This imposes a communications 
problem commonly solved by the use 
of forms. These forms typically serve 
the following purposes: 

1. Forms transmitting data on the 
amounts and kinds of materials added 
to inventory. These will be receiving 
and inspection reports, materials re¬ 
turned reports, and documents from 
production control for material proc¬ 
essed within the plant and returned to 
inventory. These reports also transfer 
responsibility for custody to the store¬ 
keeper. 

2. Forms transmitting data on re¬ 
ductions in inventory. These will be 
material requisitions and documents 
authorizing the scrapping or sale of ma¬ 
terials. These forms transfer responsi¬ 
bility for the material from the store¬ 
keeper to another person authorized 
to order withdrawals. The kinds and 
amounts of material are listed with the 
end use for whiph. the material is re- 
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teased. A copy of this form ordinarily 
serves accounting requirements also. 

3. Forms authorizing allocation of 
materials. This form may be an ad¬ 
vanced copy of the issue document pre¬ 
pared by production control personnel 
when the production schedule is estab¬ 
lished. 

4. Forms initiating procurement— 
ordinarily called purchase requisitions. 
By this means the purchasing agent is 
authorized to obtain stated quantities 
of particular kinds of material and he 
may also be advised of the degree of 
urgency for procurement. 

5. Forms originated by purchasing, 
indicating the status of the vendor’s 
compliance with the order. 

The design of forms and the routing 
and distribution of copies are so closely 
related to the particular problems of a 
manufacturing concern and to the other 
systems in use that no special treatment 
is given them at this point. 


13.5 PREDICTING MATERIALS REQUIRE 
MENTS 

Two general approaches to pre¬ 
dicting future requirements are 
used. One of these is based upon the 
assumption that “history will repeat 
itself.” The other assumes that end uses 
of materials can be predicted insofar as 
amounts and dates are concerned and 
that these data can be related to in¬ 
ventory levels and other requirements 
to develop procurement schedules. 

Of these two approaches, the former 
is, of course, more easily applied, since 
no information other than current in¬ 
ventory levels and past issues is required 
for generating purchase requisitions (or 
production orders). However, unless its 
inherent limitations are recognized, it 
can yield quite unsatisfactory results. 

13.5.1 The maximum-minimum inven¬ 
tory control method. A widely used 
technique of materials control is the 
so-called “maximum-minimum” method, 
whereby a predetermined quantity is 
requisitioned automatically each time 
the balance on hand (or balance avail- 


MCTORY SYSTEMS AND PROCEDURES 



AVERAGE 



AU01N3ANI Ni AlIXNVnO IVOXOV 


H iH H 

» i “ 

8 § ffi 

z 

>• U H 
K > H 

t* M flS 


49S 




PACTORY SYSTBWS AND PROCIDtlRIS 


aWe) has declined th the “order point.” 
For this purpose, a continuous record is 
kept of receipts and issues (or receipts 
and allocations to known orders), show¬ 
ing quantities, dates, and the balance 
on hand (or available). Standard values 
are established for order points and 
order quantities. 

The operating results of this method, 
for an inventory item which is relatively 
stable with respect to usage rate and 
procurement time, are diagrammed in 
Fig. 6.31. In this example, the order 
point has been established at 315 units. 
The procurement time varies from 7 
days to 21 days and averages 12^ days 
(1.8 weeks). The average usage rate is 
100 units per week. Therefore, the aver¬ 
age low inventory point is 315 — 180 = 
135 units, although the actual low point 
may vary from about 215 units to as 
few as 15 units, or perhaps zero in 
extreme cases. The order quantity has 
been fixed at 600 units. Therefore, the 
average inventory is about 135 + 600/2 
= 435 units, and the average peak in¬ 
ventory is about 735 units, but may be 
as much as 815 at times. 

For an item under this type of con¬ 
trol, the order point is_ ordinarily est^- 
li shed'^b^muTtiplying the avera ge usage 
‘ fate bytfie average pr^iKement ^tim^ 
and a33m^”a~"cuahion’’ Xthe so-called 
"minimum quantity”). This reserve or 
minimum quantity shou ld be__ large 
eno ugh to cov er an m'lui uallv high 
usage rate or a dela y in . delivery. This 
amounts to setting th^^ ordm; point j,t 
aTeveTEigir endug^ to alfow for delays 
itt-T)T6c1ureraehf and Jhjgh iss^'e ~ rates 
WTE^ut~deveIoplng a shortage./ 

-'The'oTd'er 'quaritity sbouTd be deter¬ 
mined after the costs of storage and 
inventory investment, and the per-order 
costs of procurement have been con¬ 
sidered (see Art. 13.7). Frequently it 
should be modified in accordance with 
commercial practices regarding packag¬ 
ing and shipping quantities and quantity 
discounts. The order quantity will de¬ 
pend, of course, on the usage rate, 
which ordinarily is based on past aver¬ 
age. 

(^learly, this method is capable of 
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l«iding to serious shortages or surpluses 
for the ample reason that history does 
not necessarily repeat itself. If there are 
significant changes in usage rate and/or 
procurement time, the order point and 
order quantities, which are determined 
from historical data, will no longer be 
appropriate. Thus a trend, seasonal 
fluctuation, or sudden change in usage 
rate should be reflected by a change in 
both the order quantity and order point. 
Also, a change in average procurement 
time and/or maximum procurement 
time, due perhaps to a change in supplier 
(or production method) or a shift in 
market conditions, should be reflected 
by a change in the order point. There¬ 
fore, if this method of control is applied 
to other than very stable items, the 
standard order points and order quan¬ 
tities must be reviewed periodically in 
the light of recent changes and pre¬ 
dictable trends. If seasonal variations 
are significant, what is needed in place 
of single values for order point qpd order 
quantity is either a variable set of 
values or a procedure for systematic 
recalculation using current or predicted 
data. 

Also, because the method and the data 
may appear to be unassailable, there is 
a tendency to avoid questioning the re¬ 
sults of a maximum-minimum inventory 
system, even when mistakes are made. 
There is a classical case of this from 
a military installation. A storage officer 
with an acute space problem finally 
succeeded in transferring the entire 
inventory of a dead stock item, 5,000 
units, to a storage depot. The inventory 
control record, through a slight error, 
reflected this transaction as a normal 
issue. At this point, the replenishment 
system took relentless control invoking 
special rules for zero-balance emergen¬ 
cies. The usage rate was recomputed as 
5,000 units per month, and an urgent 
order was placed to cover the standard 
minimum inventory requirement (four 
months’ supply) plus the standard order 
quantity Uix months’ supply). The 
order was duly expedited and 50,000 
unite were soon received. 

In spite of its linaitations, the 
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CourlMy of Remington Kami, Inc. 
FIG. 6.32 AN EXAMPLE OF A DATA ACCUMULATION 


CARD RECORD FOR A MULTIPLE-USE IN¬ 
VENTORY ITEM. 

manmum-minimum inventory control known reasons, as in the case of corn- 
method is popular because of its simplic- mon supplies. 

ity and relatively low cost of operation. 2. For items of small value and size, 
Some of the situations in which it is which therefore can be ordered infre- 
appropriate are as follows: quently in relatively large quantities. 

1. For items whose usage is stable for 3. For materials for which the timing 
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and quantities of i^ture issues cannot 
be predicted accurately, but which must 
be available at all times. 

13.5.2 Detailed planning of require¬ 
ments. The second approach to pre¬ 
dicting requirements and generating 
requisitions involves detailed planning 
of future needs. This method requires 
master schedules of the production 
for a future period, bills of material for 
each product, production schedules for 
each part, and a data-accumulating rec¬ 
ord for each item of material. (See Fig. 
6.32 for example.) 

As production is planned, the neces¬ 
sary material is allocated or reserved. 
The amount of material required, the 
expected date of issue, and the job 
number will be recorded on the data 
card. The card also will provide a 
record of the amounts on order, received, 
available, or uncommitted, and perhaps 
the amounts issued and physically on 
hand. All entries are dated and refer¬ 
enced to source documents. By project¬ 
ing the detailed record into the future 
for a period greater than the time 
required for procurement, purchases can 
be closely regulated in accordance with 
planned consumption, and inventory 
levels can be held low. 

For system economy, this method is 
necessary when single items are used for 
numerous products which are manu¬ 
factured in job lots. The same approach, 
with simplified paperwork, should be 
used when material is acquired for a 
unique purpose, as when 20 instruments 
are purchased for use on an order of 
20 special machines or when 22 forged 
blanks are purchased to make 20 gears 
for the same special order. In a different 
setting, this approach is also appropriate 
for materials used in standardized pro¬ 
duction of a complex product, such as 
refrigerators or automobiles, when the 
deliveries can be controlled to match 
consumption closely. Also, it is the only 
satisfactory plan of attack for many 
continupus production situations, such 
as in the food and basic materials in¬ 
dustries, particularly where seasonal fac¬ 
tors are important. 


13.6 CRITERIA FOR MATERIALS OOK- 

TROL DECISIONS 

It is probably impossible to estab¬ 
lish a set of absolute criteria, or 
standards of performance, in a complex 
management problem such as materials 
control for which the general require¬ 
ment is economy or management with¬ 
out waste. The criteria must ordinarily 
be relative. This is to say that one 
cannot ordinarily state that X dollars 
in inventory investment, F square feet 
of storage space, and Z administrative 
dollars per year, together with intelligent 
management, will provide least cost 
operations. On the contrary, it is neces¬ 
sary to state two (or more) propositions 
which may be compared and evaluated 
according to the differences between 
them. Thus a proposed reduction in 
inventory levels would reduce invest¬ 
ment, insurance, taxes, and perhaps 
other costs, but might cause shortages 
to occur more frequently, small quanti¬ 
ties to be procured at higher costs, and 
other adverse effects. Having made the 
comparison between a continuation of 
existing levels and a reduction, a de¬ 
cision would be made, presumably, for 
the alternative which seems most eco¬ 
nomical. It would not, however, be 
appropriate to conclude that the best 
of all possible solutions had been made. 

13.6.1 Use of formulas for determin¬ 
ing order quantities. Much has been 
written on the determination of eco¬ 
nomic lot sizes, and many formulas have 
been developed for the purpose of deter¬ 
mining the optimum lot size for pur¬ 
chase or production (see Section 3). In 
general, these formulas assume that one 
group of costs, including interest, in¬ 
surance, taxes, and storage, increase 
directly with the average or total in¬ 
ventory level and that the average or 
total inventory level is determined by 
the lot size for purchased items and by 
the lot size, production rate, and con¬ 
sumption rate for manufactured items. 
When the sum of these inventory costs 
versus lot size is plotted, a straight line 
with positive slope is obtained. 



The second group of costs is propor¬ 
tional to the number of times a lot is 
procured or produced and is therefore 
inversely proportional to the lot size. 
When this cost is plotted against lot 
size, a declining hyperbolic curve is 
obtained. The total of these two groups 
of costs may be expressed as follows: 

Y = aX + b/X 

where Y is the annual cost in dollars 
per year, a is proportional to the unit 
inventory carrying cost per year and h 
is proportional to the procurement costs 
per lot. Lot size is represented by X. 
Obviously, this total cost curve has a 
minimum value for some value of X. 
This is the value of X for which the 
first differential of the above equation 
is zero. 

dy/dx = a — %/X^ — 0 

X = vVfr 

As a practical matter, in most cases X 
may depiart a sizable amount from this 
minimizing value without seriously af¬ 
fecting the total cost. 

The use of economic lot size formulas 
of this type will, in some cases, be 
limited in application because of vari¬ 
ables not readily taken into account in 
the formulas. For example, the formula 
assumes uniform usage during the con¬ 
sumption of a lot, which may or may 
not be a good assumption. The formula 
also implies that unit prices are con¬ 
stant without regard for quantity pur¬ 
chased or produced, whereas there may 
be distinct economies in large lot pro¬ 
duction or quantity discounts. Further* 
more, prospective price changes must 
be evaluated aside from the formula 
results. Whitin* treats problems of eco¬ 
nomic lot size under less rigid assump¬ 
tions. However, his formulas are per¬ 
haps too intricate for ordinary use. 

13.6.2 Use of turnover rotes os a 
standard of performance. It is common 

♦See Thomson M. Whitin, Theory 
of Inventory Management (Princeton: 
Princeton University Press, 1953). 
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practice to relate inventory investment 
levels to total sales or ccKt of goods 
sold as a percentage or to compute the 
number of inventory turnovers per year 
by dividing average inventory into total 
usage. 

Although this is a convenient practice 
for judging the results of inventory 
management, it may lead to serious er¬ 
rors if applied for inventory planning 
because of cyclical or seasonal fluctua¬ 
tions m volume and/or price. For ex¬ 
ample, if inventories are 50 per cent 
of annual sales in a period of intense 
activity, the ratio may increase abruptly 
due to a drop in sales with no change in 
inventory planning practices. By the 
same token, inventories at 50 per cent 
of sales in a relatively inactive period 
may be inadequate for a sharp increase 
in business. In either case, the concern 
will suffer losses of various kinds. This 
can be avoided, to a degree, by recogniz¬ 
ing that turnover rates and inventory 
levels as a percentage of sales should 
not be constant at all volumes of sales. 

For example, if $300,000 in inventorj' 
is adequate for $600,000 sales, it may 
well be that inventory should change 
only 1 per cent for each 2^4 per cent 
change in sales. In that case, a constant 
jiercentage would lead to poor balance. 
It would be appropriate to establish the 
standard as a simple linear function of 
sales applicable between explicit limits. 
For example, in the case cited above, 
average inventory might be computed as 
follows: 

Y = a + hX 

Y = 180,000 + .20X 

where Y is the inventory level and X 
is the volume of sales. 

This would lead one to establish a 
$200,000 inventory level for $100,000 in 
sales (200 per cent), and $380,000 for 
$1,000,000 in sales (38 per cent), rather 
than $50,000 and $500,000 respectively. 
Clearly, the losses resulting from price 
and volume changes would then be less 
acute throughout a business cycle. It 
also seems probable that this plan would 
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better fit with nomial production re¬ 
quirements. 

Clearly, turnover rates cannot be used 
in planning materials inventories ex¬ 
cept as an over-all guide or as a 
convenient way to state general policy. 
For individual items, the average in¬ 
ventory should be established by making 
separate decisions about order point and 
order quantity, with proper considera¬ 
tion of over-all objectives, such as might 
be expressed as ratio or percentage 
standards of performance and of maxi¬ 
mum space or dollar limitations. 


13.7 EVALUATION OF SYSTEM PER¬ 
FORMANCE 

The evaluation of actual perform¬ 
ance of a materials control system 
by comparison of results with plans may 
be accomf)hshed through a budgetary 
control system insofar as inventory levels 
and administrative costs are concerned. 
Internal auditing procedures are re¬ 
quired for the evaluation of detailed 
performances on shortages, excess inven¬ 
tories by items, and procurement penal¬ 
ties. Periodic or continuous physical 
inventory and reconciliation are, of 
course, checks upon the accuracy of 
records and losses of materials. 


14. PRODUCTION CONTROL 
SYSTEMS* 


14.1 OBJECTIVES OF THE PRODUCTION 
CONTROL FUNCTION 

Planning a production program 
and controlling the actual per¬ 
formance relative to fhe plan are essen¬ 
tial functions in any manufacturing 
organization. The necessity for such 
functions arises from the fact that the 
organization can continue to operate at 
a profit only if it is able to supply the 
required amount and quality of the 

This article was written by William G 
Ireaon in cooperation with the author. 
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desired items at the proper time and 
at a cost that will provide a satisfactory 
profit margin below the sales price. This 
requires adequate planning of all of the 
activities associated with production, 
coupled with follow-up to assure per¬ 
formance according to the plan. 

Some planning and control are neces¬ 
sary in all manufacturing concerns 
regardless of how inefficient the methods 
of planning may be. However, it has 
been determined through years of ex¬ 
perience that if the planning and con¬ 
trol are done by specialists as a service 
function, rather than by operating per¬ 
sonnel, they are usually more effective 
and are accomplished more efficiently. 

Specific objectives of the production 
planning and control function usually 
include; 

1. Maintenance of uniform work loads 
as far as possible. 

2. Advance provisions for material 
and tool supply to prevent delays and 
idle time. 

3. Preventing duplication of clerical 
and administrative effort when the same 
products are again produced. 

4. Inventories which are adequate to 
meet demand but not excessive. 

5. Minimizing setup and change-over 
time. 

6. Centralized planning, constantly 
informed of load conditions, that can 
determine the best plan of action con¬ 
sidering all the work to be performed 
and the commitments. 

7. Information that will enable the 
planning group to anticipate difficulties 
resulting from breakdowns, materials de¬ 
lays, and other causes. 

8. Accurate current information re¬ 
garding the progress of all orders and 
provision for initiating corrective action 
with respect to delays, 

9. Accumulating information that will 
improve the accuracy of future planning 
and reduce the work involved. 

It can readily be seen that such an 
impressive list of objectives can only 
be accomplished satisfactorily through 
the use of a carefully organized system 
which is adequate in scope, reliable, and 
efficient. The production planning and 
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eo&trol function in a manufacturing 
company represents a specialized area 
of administrative activity which is sub¬ 
ject to all the principles of systems and 
procedures design that preceded this 
article. From this point on, the subject 
will be treated as a special problem of 
system and procedure design, installa¬ 
tion, and administration. 


14.2 RELATIONSHIPS OF PRODUCTION 

CONTROL TO OTHER FUNCTIONS 

As a system dealing primarily with 

the conversion of raw materials 
into package product ready for ship¬ 
ment, the production planning and con¬ 
trol function must of necessity be closely 
related to and coordinated with many 
other functions within the organization. 
In order to carry ouU its objectives, it 
must receive information from a number 
of sources, employ that information 
properly, and, in turn, supply accurate 
useful information to other functional 
groups. In a large company, the market 
research department furnishes the de¬ 
tailed breakdowns of consumer reaction 
to products and the anticipated sales 
volumes by lines of product over a long 
future period. The sales department ob¬ 
tains and processes the actual orders for 
products, delivery dates, and priorities 
and transmits this information to the 
materials control and production control 
functions. This information becomes the 
basis for specific production plans which 
will support the company policies re¬ 
garding inventories, economic lot sizes, 
delivery time, and employment. Engi¬ 
neering supplies the technical data for 
the products in the form of blueprints, 
bills of materials, tool and machine de¬ 
signs, materials specifications, and qual¬ 
ity standards. Production planning 
translates this information into produc¬ 
tion orders for the fabrication of com¬ 
ponent parts and materials and the as¬ 
sembly or production of finished goods 
that 11^ meet the specifications. Materi¬ 
als control maintains and supplies infor¬ 
mation concerning the availability of raw 
materials and purchased parts which is 


nec^sary for production planning. Ma¬ 
terials control or production control 
must initiate action in the purchasing 
function to acquire the necessary ma¬ 
terials at the desired time. 

Production planning and control, then, 
is responsible for formulating a complete 
and workable plan that will provide the 
required output and coordinate the ac¬ 
tivities of various other departments. 
This plan must include the determina¬ 
tion of the operations or steps through 
which each part or material will go, their 
sequence, the machines and tools to be 
used, and the time at which these opera¬ 
tions will be performed. These activities 
are commonly known as product analy¬ 
sis, routing, and scheduling. Specific 
information concerning methods of pro¬ 
duction is ordinarily obtained from the 
methods or tool engineering department, 
and standards of time for their perform¬ 
ance are from the time study or stand¬ 
ards department, where these exist as 
sefiarate departmental functions. 

In turn, the production control de¬ 
partment supplies information to most 
of the departments mentioned above. 
Information regarding possible shipping 
dates, delays, and progress on orders is 
transmitted to sales. Knowledge result¬ 
ing from the planning and performance 
of production operations that is im¬ 
portant to the engineering, methods, 
standards, purchasing, and production 
departments for future use is trans¬ 
mitted either formally or informally. 

Thus it is clear that the effectiveness 
of the production planning and control 
function is largely dependent on the 
jirocedures by which information flows 
into and out of the department. These 
procedures must be po.sitive, reliable, 
simple to operate, and require a mini¬ 
mum of clerical expense considering the 
company as a whole. 


14.3 SYSTEMS MUST BE COMPATIBLE 

It has been shown that the effec¬ 
tiveness of the production plan¬ 
ning and control work is dependent on 
a great amount of information coming 
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from and going to^ other departments, 
but it must be rem(^bered that most of 
this information is also used for other 
purposes by the supplying or receiving 
departments. The preparation of special 
reports containing only that information 
needed by production planning may be 
an expensive duplication of work. In 
turn, the production planning group 
may have to transcribe incoming and 
outgoing information from various docu¬ 
ments and records to others. Thus, the 
production planning and control proce¬ 
dures must be subject to the organiza¬ 
tion’s administrative system controls so 
that these procedures will be comi)atible 
w’ith those of other systems. Only by 
careful analysis and design can the 
number of forms, copies, the amount of 
writing, and the time spent in the purely 
mechanical aspects be minimized. It is 
also important to analyze the system to 
be sure that all the conditions and situa¬ 
tions are covered without an undue 
number of ‘‘special” or “exceptional” 
forms, reports, or improvised proce¬ 
dures. It is essential that the system be 
as complete and automatic as is reason¬ 
ably possible, m order to reduce the 
amount of highly skilled supervision 
necessary to direct the work of the de¬ 
partment. This is especially true with 
regard to the control procedures whereby 
deviations from the plan should be 
brought to light immediately and cor¬ 
rective action initiated. I'or example, 
machine breakdowns must be reported 
promptly by the system so that future 
w’ork assigned that equipment can be 
rerouted before other production facili¬ 
ties become idle for lack of work. At 
the same time, steps aimed at getting the 
machine back into production must be 
initiated, the work must be rescheduled 
in accordance with the effects of the 
breakdown, and the sales and shipping 
departments advised of the expected 
completion delays if any. The system 
must be so designed to assure that such 
actions will be initiated when necessary 
with a minimum of delay and confusion. 
(See Arts. 6 and 7.) Thus, the produc¬ 
tion control system must interlock with 
those systems of the maintenance and 


the sales departmenDts as well as tltose 
of the manufacturing and service di¬ 
visions of the organization. 


14.4 EFFECTS OF THE TiTE OF INDUS¬ 
TRY ON PRODUCTION CONTROL 
SYSTEMS 

It is impossible to devise a single, 
intelligent production control sys¬ 
tem as an illu.«tration liccause every 
company has problems of production 
planning and control that are unique 
to that company.* On the other hand, 
certain generalities can be offered re¬ 
garding the effects of the type of 
industry on the design of a satisfactory 
system. 

“Industry” has been classified in a 
number of ways, but the .same classifi¬ 
cation em])lo\ed, in Section 8, Art. 1 
will be used here, and with the same 
definitions. “Continuous industry” will 
be u.'-ed for those concerns that must, 
by the nature of the processes, oixirate 
24 hours a day and 7 days a week, and 
in which an un.?cheduled interruption 
will result in loss of materials in process 
and/or damage to equipment. ‘‘Inter¬ 
ruptible” will be used to designate all 
other types of industry, whether job 
shop, intermittent, or mass production. 

14.4.1 Continuous industries. In many 
rcspect.s, the production planning and 
control system for a continuous indus¬ 
try is designed as the plant is designed. 
In most instances, the route of the 
material from raw state to finished prod¬ 
uct is fixed or at least there are a 
relatively small number of alternative 
routes. The timing of the addition of 
materials to the process is usually estab¬ 
lished by the capacity of the limiting 
unit of equipment. Standards of output 
in terms of both volume and quality are 
established, and automatic rejKirting and 
recording equijiment is frequently in¬ 
stalled right in the processing line so 
that deviations are automatically rc- 

♦ William E. Ritchie. Production and 
Inventory Control (New York: The 
Ronald Press Company, 1951), particularly 
Chapters 1 and 7. 
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|}orted and record^. Even costs, in 
terms of labor, materials, and supplies 
may be standardized in advance of pro¬ 
duction. 

Under these conditions, the produc¬ 
tion planning and control function 
usually consists of relatively simple 
procedures that assure an adequate sup¬ 
ply of materials, establish the “mix” * 
of the product by periods of time, such 
as months or quarters, and maintain 
records of production. This situation is 
the result of the fact that the produc¬ 
tion planning and control group have a 
relatively small number of possible de¬ 
cisions to make, while the corresponding 
group in an interruptible industry is 
faced with a very large number of pos¬ 
sible decisions.t The production order 
release in the continuous industry usu¬ 
ally consists of a statement of the quan¬ 
tities or mix of the psoduct for a given 
period without the necessity of specify¬ 
ing the route or the schedule. The 
production order release can often be 
prepared well in advance of the pro¬ 
duction period, and all departments con¬ 
cerned can be advised of any adjust¬ 
ments that may be necessary, such as 
an increase or decrease of the labor force. 

14.4.2 Interruptible industries. The 
interruptible type of industry includes 
a great variety of manufacturing con¬ 
ditions. The most severe condition is 
that where each product is custom-made 
with little or no prospect of being made 
again. The other extreme is that where 
a small number of standardized products 
are made constantly by mass-production 
methods and m very large quantities. 
Between these two extremes lie a large 
number of variations, each providing 
special problems for the production 
planning and control function. Must 
manufacturing concerns of the inter- 

* “Mix” refers to the proportion of each 
different product, or form of product, to 
the total output for the period. 

t However, the production planning de¬ 
cisions required in a continuous industry 
are often more complex and more impor¬ 
tant in terms of dollars and/or company 
success, and may therefore warrant more 
elaborate analysis and executive review. 


ruptible type at some time encounter a 
wide variety of these conditions. The 
planning and control system then must 
be designed wnth changing conditions in 
mind and with such flexibility that it 
can be used in a period of special re¬ 
quirements without major changes. It 
is, however, important to review the 
manufacturing conditions from time to 
time to sep that the system has not 
become obsolete or inadequate as a 
result of changes in volumes, designs, 
and lines of product. It is clear that the 
design of such a system is more difficult 
and requires more careful analysis than 
that of a continuous industry or of a 
single-product firm. 

In any event, it is important during 
the development of a system to establish 
the relationships with other depart¬ 
ments, the ■ s]iecific objectives of the 
system, and the criteria that will be 
used to measure the effectiveness of 
the system (see Art. 3). These matters 
must be determined in light of the con¬ 
ditions of the specific company and its 
general organizational structure. The 
differences that regularly occur among 
companies in the allocation of duties, 
responsibilities, and authority necessitate 
that the systems be designed specifically 
for the concern in question. Generaliza¬ 
tions regarding relationships, objectives, 
and measures of effectiveness do little 
more than provide a guide for the sys¬ 
tems analyst. 

14.4.3 Types of production control 
systems. There are a number of basic 
types of production control systems in 
use at this time. They are referred to as: 

1. Order control or job-lot control. 

2. Flow control. 

3. Block control. 

The order or job-lot control method is 
commonly used in tho.se concerns that 
manufacture a variety of items with 
each batch of the work representing one 
constantly-identifiable lot to which is 
a.ssigned a number which becomes the 
basis for co.st accumulation. One order 
may, because of its size, be broken up 
into a number of sub-lots for conven¬ 
ience in materials handling, work assign¬ 
ment, and shipment. This type of 
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production control presents the greatest 
number of problems in coordinating the 
work of planning, control, sales, manu¬ 
facturing, and shipping. This is the type 
described at length in the following 
articles. 

The flow control method is most fre¬ 
quently used in continuous industries 
or in those companies that manufacture 
a standardized line of product more or 
less continuously without any reason for 
identifying one batch from any other. 
The control is based \ipon the concept 
of a fluid flowing past a number of 
points. Commonly, the control points 
correspond to departments or cost, cen¬ 
ters, and so much work is scheduled to 
be completed in each department or 
process in a given period of time, week, 
or month. In comparison with job-order 
control, discussed later, the planning 
function is largely eliminated in this 
method and what remains consists pri¬ 
marily of establishing weekly or monthly 
production authorizations (quantities). 
On the other hand, the control function 
becomes more important. The type of 
industry using this method usually man¬ 
ufactures to stock in anticipation of the 
receipt of orders. 

The block method is similar in many 
respects to a combination of the two 
previously mentioned types. The “block” 
represents the amount of work that can 
be performed by a person or team of 
persons in a given period of time. The 
length of the time period may vary 
from a few minutes (as required in mail¬ 
order houses for gathering, checking, and 
wrapping mail orders), to a day or week 
(as required in some shipbuilding yards). 
All work to be done in the plant is 
divided into blocks and assigned to 
certain time blocks for performance. The 
material in each block is then exjiected 
to progress as a phy-lcal unit from one 
location to another and to move forward 
all at once at the end of each block 
of time. It is easily seen that it is 
possible to process any kind of order 
through a system of this kind. Any 
batch or job may be specifically iden¬ 
tified all the way through the plant, or 
stock items may be processed with only 
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one cost accounting charge number beiuf 
used for a large number of blocks. 


14.5 DIVISION OF DUTIES AND FUNC¬ 
TIONS IN PBODUCTION PLANNING 
AND CONTROL 

The duties and functions involved 
in production planning and con¬ 
trol usually fall into four fairly well- 
defined divisions: 

1. Forecasting and estimating. 

2. Developing production plans. 

3. Controlling activities. 

4. Preparing reports and initiating 
corrective action. 

14.5.1 Forecasting and estimating. 

Budgetary control as practiced in most 
concerns requires that a number of 
budgets, including the production, labor, 
materials, overhead, purchasing, and 
capital improvement budgets, be pre¬ 
pared well in advance of the period 
covered by the budget. The sales budgets 
and financial budgets are commonly 
made by the sales department and the 
executive division, but the other budgets 
listed above must be prepared by per¬ 
sons familiar with the manufacturing 
operations, technical details of the prod¬ 
ucts, apd the manufacturing capacities of 
the plant. The production planning and 
control department commonly is the one 
group most familiar with these matters 
because it is daily in contact with the 
manufacturing, engineering, materials 
control, and purchasing divisions. It 
therefore is logical that it should be 
called upon to convert the master budg¬ 
ets into specific budgets that represent 
attainable or workable plans. For this 
purpose, the department commonly 
maintains continuous records of work 
ahead, product designs, bills of materials, 
and productive time available and 
knows what effects varying the product 
mix and schedules will have on these 
budgets. The department will be called 
upon to provide estimates of many dif¬ 
ferent kinds of factors and the effects of 
changes in product lines, volumes, ma¬ 
terials and methods. These activities 
constitute an important part of the 
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department’s work and a separate group 
of employees iisually is permanently as¬ 
signed to this work. 

14.5.2 Developing production plans. 

Planning the production consists of 
formulating specific plans that establish 
what is to be produced, how it is to be 
produced, and when. Formerly, these 
items were decided by the foremen and 
workmen in the factory, but it was 
shown that this practice was no more 
logical than having the men make parts 
without complete dimensioned drawings 
and specifications. Ihe foremen and 
workmen are skilled in operating factory 
equipment, not in calculating dimen¬ 
sions, planning detailed sequences of 
operations, determining the best combi¬ 
nation of tools and equipment to pro¬ 
duce a given part, nor in recording the 
results of this work, so that the same 
planning would not have to be done 
over again each time the part is made. 
Departmental foremen and workmen are 
usually familiar with only a small part 
of the plant and are unaware of the 
work load ahead in other defiartments. 
Their decisions would be made to opti¬ 
mize the work in only one department 
(their own) without regard for the 
effects of these decisions on other de¬ 
partments. For these, and many other 
obvious reasons, it has been proved that 
the greatest efficiency can be obtained 
by employing a group of persons highly 
skilled in dealing with these problems 
and by supplying the group with com¬ 
plete information from all departments 
regarding work loads, production capac¬ 
ity, tools and auxiliary equipment, de¬ 
livery promises, sales forecasts, and a 
systematic means of storing and using 
all this information as the situation 
clianges from day to day. Through these 
procedures, the over-all plant output 
can be maximized while minimizing 
work-in-process inventory, setup time, 
idle machines and workmen, and avoid¬ 
ing conflicts between departments. 

In physical form, the production plan 
ordinarily consists of some combination 
of the following: 

1. Route sheets; The sequence of op¬ 
erations in general terms. 


AND FROCfOURIS 903 

2. Operation sheets: One for each 
opieration on the route sheet. Specifies 
the details of how each operation is to 
be performed. 

3. Work schedule: The assignment of 
time on a given machine (or production 
center) for each operation shown on the 
route sheet. Individual job schedule may 
be shown on the route sheet or on a 
separate fonn. Summary schedules by 
machine, production center, or depart¬ 
ment may also be required. 

4. Orders: This group may be respon¬ 
sible for the preparation of written 
orders that will be used later in putting 
this plan into effect. These orders may 
include: production order (authority to 
produce), materials and parts requisi¬ 
tions, tool orders or requisitions, drawing 
or print requisitions, and move orders. 

Working from blueprints and a bill of 
material, a route sheet is often prepared 
for each separate part that goes into the 
final product. The process of determin¬ 
ing the steps and their sequence, the 
tools and machines to be used, and the 
material, is known as the product analy¬ 
sis, and requires a person who is com¬ 
pletely familiar with the manufacturing 
Iirocedures and equipment available in 
the factory. 

If the route sheet is used as a produc¬ 
tion order, it will contain a heading, 
identifying the part, drawing number, 
production order number, master sched¬ 
ule information, order quantity and lot 
size, destination (stock or customer), 
and any other information that is nec¬ 
essary for the particular sj^stem in use. 
It then includes, usually m a column, 
sonic or all of the following information: 
operation number, operation description, 
machine identification, department, 
drawing number, tool numbers, standard 
time for the operation, set-up time, total 
time allowed for the job, time to start 
operation, tune to finish operation, and 
tune and quantity finished (actual). It is 
obvious that such a route sheet has been 
designed to combine a number of activi¬ 
ties and eliminate the necessity of dupli¬ 
cating much of the information on sep¬ 
arate forms. For instance, the route 
sheet may be a multi-copy form or 
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master (see Art. 11.3) which will be 
partly filled out by the product analyst, 
with machine and tooling information 
added by the tooling clerk, and the 
schedule added by the schedule clerk. 
Finally, as the operations are completed, 
the control' group uses the "time fin¬ 
ished” column as a means of recording 
the progress. One copy would be re¬ 
tained in the control office, one copy in 
the dispatcher’s cage, one copy (a heavy 
one) would travel with the work, and 
other copies would be used by the fore¬ 
men, accounting, and perhaps the ship¬ 
ping and sales departments. 

Operation sheets are prepared only for 
those operations that are new or that 
are somewhat complicated and require 
detailed instructions. Ordinarily, the in¬ 
struction sheet will not contain all the 
heading information contained in the 
heading of the route sheet, but will have 
columns for sub-operation numbers, sub¬ 
operation description, specific tool used, 
machine speed, feed, depth of cut (or 
corresponding type of information for 
other types of machines), and standard 
times. 'These operations may be de¬ 
scribed in terms of the elements used in 
establishing standard times by the time 
study department. 

The schedule for the work is arranged 
by the schedule clerk on the basis of 
information about the availability of 
machines for new work. Usually, a 
scheduling load planning device of some 
kind (see Art. 12.2) is used to show 
graphically the work assigned to each 
machine, production center, or depart¬ 
ment. From this the clerk knows when 
equipment is free for additional work. 
He then works out the limiting dates at 
which each successive operation must be 
finished on all the parts so that the 
finished product may be shipped by the 
promised delivery date. At the same 
time, he is concerned with the problem 
of keeping the in-procera work at a 
minimum, optimizing the use of ma¬ 
chines, and holding the over-all time in 
process for each order as small as prac¬ 
ticable. With the limiting dates known 
for each part, he begins with the last 
operation and works backwards. As he 
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assigns machine time, he records it on 
the schedule sheet and also indicates on 
the planning device that the machine 
has been assigned for a specific period 
of time to that specific job. In many 
situations, a planning device of some 
kind is essential so that rapid and accu¬ 
rate changes can be made in the sched¬ 
ule to accommodate the unexpected in¬ 
terruptions that will always occur after 
a production sequence has been started. 

Orders are necessary to authorize ac¬ 
tion as well as to transmit information 
and provide for control of materials, 
labor, machine time, and many other 
cost factors. Authorization to manufac¬ 
ture originates in the sales department 
of most companies. This authorization 
in the form of a sales order is translated 
by the production control department 
into authorizations to issue materials, 
start work, purchase parts and materi¬ 
als, allocate machine and labor time, and 
initiate engineering work. The transfer 
of this authority to the operating group 
requiring the authority is frequently im¬ 
plied by entering a production order in 
the factory, but it may be sp)ecifically 
transferred by requisitions to the materi¬ 
als control group for purchased items, by 
requisitions to the stores department for 
materials to be issued to workmen, and 
by labor time tickets prepared in ad¬ 
vance bearing specific job numbers and 
operation numbers. Time can be saved 
by having many of these forms prepared 
by the production planning group at 
the time the job is planned. This is 
particularly true if duplicating meth¬ 
ods are us^ so that most of these forms 
can be prepared from one master copy. 

14.5.3 Controlling production activi¬ 
ties. The old adage "Plan your work and 
work your plan,” points up the fact 
that a plan is of little value unless it is 
followed. The planning group has been 
charged with the responsibility of pre¬ 
paring a set of workable plans for each 
item to be produced, but someone must 
be responsible for the follow-up to assure 
that the plans are followed. This, the 
control phase of production planning 
and control, centers around the dis¬ 
patcher. The dispatcher is responsible for 



PACTOKY SYSTIMf AND PitOCiDUtIf 


t4J.4] 

putting the plan into effect and follow¬ 
ing it to detect immediately any varia¬ 
tions and to instigate corrective action. 

Typically, completed production plans 
are sent to the dispatcher who stores 
them in a systematic way so that he will 
know what work is ahead for every 
machine and can detect deviations from 
the plan as the work progresses. He may 
have a duplicate machine-work-load 
chart or schedule sheet which he keeps 
up-to-date as the production plans ar¬ 
rive. He is thus the link between the 
planning group and the producing group 
in the shop. Ordinarily, the dispatcher 
has no authority over the foremen. His 
responsibility in that connection is lim¬ 
ited to informing the foremen of the 
work ahead and the schedule prepared 
by the planning group. If for any reason 
the work does not progress as planned, 
the dispatcher relays this information 
back to the planning group. The plan¬ 
ning group makes proper adjustments in 
the schedules, informs sales of the delays, 
and notifies appropriate persons if cor¬ 
rective actions are needed. 

Other duties carried out by the dis¬ 
patcher usually consist of the prepara¬ 
tory work relative to initiating new 
work. He may be responsible for gather¬ 
ing together the drawings, operations 
sheets, tool orders, materials and parts 
requisitions, and time tickets and issu¬ 
ing them all at once to the first machine 
on the route sheet at the proper time. 
He may actually have the materials and 
tools collected on a truck or skid along 
with the papers and have it moved to 
the machine shortly before work is to be 
started. 

The dispatcher also collects informa¬ 
tion on work progress and maintains a 
record showing the progress of the work 
so that he will know at any time whether 
work is behind, on, or ahead of schedule. 
At periodic intervals, he will make 
reports to the control center of w-ork 
behind or ahead of schedul#. Move 
tickets or labor time tickets commonly 
provide the dispatcher with the neces¬ 
sary information. 

A common practice in some plants is 
to employ persons to trace work through 


the plant and to report on its progress. 
These persons are known as expediters 
or stock chasers. Too frequently, these 
expediters are used only to locate work 
that has been “lost” or is seriously 
behind schedule. Although one or more 
expediters may be required in a well- 
managed plant, it is more desirable for 
the production control system to be so 
designed that the status of all jobs is 
known at all times, and that difficul¬ 
ties will be anticipated before they 
become serious, without the need for 
expediters. Here, as in many other in¬ 
dustrial activities, preventive measures 
are better than corrective measures. 

14.5.4 Reports and corrective action. 
The results of the production planning 
and control function are of interest to 
two major groups; management and 
sales. Management is interested in know¬ 
ing how effectively the function is being 
performed and the reasons for anything 
less than optimum utilization of produc¬ 
tion equipment. Some of the items of 
information management desires for con¬ 
trol purposes are: 

1. Summary of actual production by 
departments and/or products. 

2. Orders not completed on time and 
reasons. 

3. Lost time of machines and labor, 
by causes. 

4 Productive capacity available for 
additional work by future periods. 

The production control department is 
in possession of all of this information 
and is the logical source of these control 
reports.* 

Continued good relations with cus¬ 
tomers demand prompt delivery of or¬ 
ders or at least fair warning of delays. 
Thus, the sales department may fre¬ 
quently need information regarding 
progress of orders which only the pro¬ 
duction control department can supply. 
The principle of management by excep¬ 
tions is customarily applied here and the 
sales department assumes that deliveries 
will be made on time unless advised to 
the contrary by Production Control. All 


♦See Art. IIA concerning the design of 
control reporta. 
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too often, the sales departmoit promises 
deliveries at specifod times without con¬ 
sulting the production control depart¬ 
ment. It behooves Production Control to 
initiate a periodic reporting procedure 
that will inform the sales department 
of the prospective delivery time on fu¬ 
ture orders received. This will help to 
prevent delivery promises that cannot 
be kept. Also, Production Control should 
report back to Sales at the time of the 
receipt of the order if the promised date 
is too early to be met without delaying 
other orders. 

The production control department is 
interested in improving its own per¬ 
formance and needs to maintain records 
of its work in order to evaluate and 
improve its methods. Records may show 
consistent errors due to use of poor 
standard data, unreliable estimates of 
scrap and other losses, or failure to 
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make proper allovwictt for such things 
as move time, normal delays, instruc¬ 
tion, and so forth. A greater accuracy in 
planning will result from the correction 
of practices based upon such informa¬ 
tion. Standard data may not be available 
and the scheduling may have to be done 
on the basis of past experience only. 
Careful analysis of actual time record 
and tabulation of the data by product 
classifications and quantities, type of 
machine and operation, and materials 
will provide for better estimates in the 
future. Systematic maintenance of route 
sheets, schedules, job progress reports, 
and other working papers, will prevent 
having to repeat the same work when 
the product is made again. Thus, the 
total work (and cost) of the production 
planning and control function can be 
reduced for a given volume of work as 
better information is accumulated. 
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DEFINITIONS 

Average —The arithmetic mean of a 
group of data. Commonly used in 
climatology to refer to the mean value 
of a weather element over a large area 
for a specified period. 

Climate —The summation of weather 
at a given place over a long period of 
time. 

Macro —A prefix combined with the 
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words climate and variation to refer to 
the broad features of climate over an 
extensive area, such as a continent. 

Mean —An arithmetic average of a 
group of data. Commonly used in cli¬ 
matology to refer to the average of a 
time series, such as the mean tempera¬ 
ture for a day, month, or year. 

Aftcro—A prefix combined with the 
words climate and variation to refw to 
the small-scale features of climate within 
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a limited area, such as the micro-varia¬ 
tions of temperature within a city. 

Normal —TTie arithmetic average of 
the values of a weather element for a 
specific day, month, season, or other por¬ 
tion of the year over a long period of 
years. Since no standard length of record 
has been adopted for determination of 
normals, the period should always be 
specified—for example, “50-year normal.” 


1. WEATHER AND MAN 

Contrary to an oft-repeated say¬ 
ing, man has done a great deal 
about the weather. He has probably de¬ 
voted more effort to combating weather 
than he has to any other purpose, with 
the possible exception of waging war. 
Perhaps man will eventually learn how 
to actually control the weather. He has 
already exerted some measure of weather 
control over small areas by fog dispersal 
over airports (FIDO), orchard protec¬ 
tion by smoke and heaters, and small- 
scale modification of clouds by “cloud 
seeding.” For the present, however, most 
of man’s efforts against the weather can 
be summed up in two words—“protec¬ 
tion” and “avoidance.” 


2. WEATHER PROBLEMS IN 
INDUSTRY 

2.1 PROTECTION FROM THE WEATHER 

Buildings are intended almost ex¬ 
clusively to afford protection from 
weather. Starting with a natural cave, 
man has developed the art of shelter to 
the point where he can create enormous 
skyscrapers with artificial weather pro¬ 
vided by heating and air conditioning. 
Space does not permit a detailed survey 
of efforts to provide protection against 
the weather, but irrigation farming, 
clothing, instrument landing aids for 
aircraft, lighthouses, ultra-high fre¬ 
quency radio, the modern automobile, 
flood-control dams, and many other 
items may be cited as examples. Thus 
the concept of protection goes beyond 
tatere physical shelter. It includes all de¬ 
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vices designed to ward off the harmful 
effects of weather. The design of protec¬ 
tive works must include consideration of 
physical resistance to water and wind, 
chemical resistance to radiation and air¬ 
borne compounds, and numerous other 
problems associated with modem mate¬ 
rials engineering. 


2.2 AVOIDANCE OF THE WEATHER 

If the weather of the world were 

invariant—if every location had' 
the same weather at all times—the plan¬ 
ning of protection against the weather 
would be simple. Unfortunately, weather 
is higlily variable. In • the interests of 
economy, man tries to plan his activities 
in such a way that minimum protection 
is required. Moreover, man is not in¬ 
clined to seek protection until the need 
for it is great. Thus, it becomes neces¬ 
sary to schedule production, distribution, 
and sales of protective materials at the 
times when they are needed. It is not 
uncommon to plan a production opera¬ 
tion in such a way that it may be carried 
on outdoors. These are only a few of the 
ways in which man tries to offset w'eather 
influences by planning his activities to 
avoid the weather. 


3. WEATHER FORECASTS 

If a structure is to be designed 

against the weather, or if plans 
are to be made to avoid incteraent 
w'eather for a specific operation, it is 
necessary to have some informatiem con¬ 
cerning the weather to be expected. The 
ideal solution would be found in a de¬ 
tailed forecast of the weather for the 
times and places of interest. Highly suc¬ 
cessful utilization of special weather fore¬ 
casts has been made in connection with 
frost warning for citrus and cranberry 
growers, rain warnings for fruit drying, 
light intensity forecasts for scheduling 
electric-power production, snow forecasts 
for highway and railroad snow-removal 
operations, and flood forecasts for emer¬ 
gency protection and evacuation opera- 
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tioBs of all types. For tl^ most part, 
^ch forecasts are limited to periods not 
exceeding about 48 hours in advance. 
Forecasts for longer periods become, of 
necessity, less specific as to the time of 
oeCur^’ence of weather phenomena and 
less accurate in the estimates of the mag¬ 
nitude of the weather event. The'limit of 
practical forecasts at the present time is 
at about 30 days. Forecasts of this length 
indicate no more than that the average 
temperature and precipitation during the 
period will be near, above, or below 
normal. 

Despite the limitations on range and 
accuracy of forecasts, an intelligent use 
of forecasts can provide many benefits 
to industry. Experience has shown that 
a trained meteorologist who devotes him¬ 
self to forecasts for a specific purpose 
and who has a thorough understanding 


of the uses to which the forecast will be 
put can do a better job than one whose 
assignment is to prepare a general fore¬ 
cast for a large area. Consequently, the 
industrial meteorologist has taken his 
place on many industrial staffs, to aid 
in advance planning against the weather 
over short periods. 


4 . CLIMATOLOGY 

The lasting qualities of paint, the 
design of an industrial plant, the 
advance manufacture of seasonal mer¬ 
chandise, and solar heating are examples 
of operational problems requiring infor¬ 
mation about weather to be expected 
over a period extending beyond the range 
of successful weather forecasts. What is 
needed is information on climate, the sta- 


FIG. 7.1 EXAMPLES OF GRAPHICAL PRESENTATION 
OF CLIMATIC DATA FOB SACRAMENTO, CALI¬ 
FORNIA (period 1877-1942). 
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7.2 NORMAL DEGREE DAYS IN THE UNITED 
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tistical collective of weather elements 
over a long period of time. The clima¬ 
tological forecast is quite different from 
the usual weather forecast. The climatol¬ 
ogist assumes that the weather of the 
future will be like the weather of the 
past, and that statistical analysis of past 
weather records can provide a summary 
of the weather to be expected in the fu¬ 
ture. The climatological forecast may 
include a description of average weather, 
the possible range of values of a weather 
element, the probable number of times 
that a certain weather condition is likely 
to occur in a given period of time, or 
the probability that the weather of a 
given day, week, or month will be within 
a specified range of conditions. Climatol¬ 
ogy cannot predict the specific weather 
to be expected at a given place and time 
(unless its probability is 100 per cent), 
but only the probability or odds that 
certain weather conditions will occur. 
The climatological forecast provides 
the odds for a gamble on the part of the 
planner, or, in more elegant terms, the 
probabilities upon which he can base a 
calculated risk. 

5. TYPICAL PROBLEMS IN CLIMA¬ 
TOLOGY 

5.1 GENERAL 

In the sections that follow, some 

examples of the application of cli¬ 
matology to industrial problems are pre¬ 
sented. Most climatological problems in¬ 
volve numerous complications and their 
solutions require extensive analysis of 
data. Although the list of examples is 
far from cf'mprehensive, it is ho{>ed that 
the reader will be encouraged to develop 
solutions to the specific problems that he 
encounters. A discussion of the sources 
of climatological data, bow to interpret 
them, and how to treat them statistically 
is presented in Arts. 6-15. 

5.2 GENERAL INFORMATION 

Certain weather problems are best 

solved by compiling general infor¬ 
mation in a form that can be easily used. 
This type of problem is encoimtered 


where an operating official must make 
decisions when the controlling criteria 
depend upon the specific circumstances of 
each case. The pertinent data are sum¬ 
marized in tabular or graphic form so that 
the desired information can be readily ob¬ 
tained. The best presentation for a par¬ 
ticular case depends on the nature of 
the problem and on the personal prefer¬ 
ences of the user. The Climatic Hand¬ 
book for Washington, D. C* illustrates 
a general summary of data intended for 
a variety of users. The Airway Meteoro¬ 
logical Atlas for the U. S., Atlas of Cli¬ 
matic Charts for the Oceans, and Sum¬ 
mer Weather Data represent compila¬ 
tions of data covering a large area but 
intended primarily for a specific class 
of problems. 

Illustrative charts showing probabili¬ 
ties for wind speed, temperature, and 
cloudiness for a single station are shown 
in Fig. 7.1. Charts of this type are desir¬ 
able when the variations in probability 
throughout the year are important. Fig¬ 
ure 7.2 utilizes a map of normal heating 
degree days (Art. 8.2) and a map of 
the standard deviation of this element 
to depict variations in probability over 
a large area. Other isopleth charts (maps 
showing lines of equal values of a varia¬ 
ble) are shown in Figs. 7.12, 7.15, 7.17, 
7.1^ 7.19, and 7.20. Most such maps are 
suitable only for depicting the broad 
features of the climatic pattern. In the 
mountain regions, the small scale does 
not permit accurate representation of 
the variations in the element being pic¬ 
tured. A table of the data for the key 
stations used in plotting the map would 
be a more realistic presentation. Several 
other types of graphical presentation 
appear in Figs. 7.4, 7.6, 7.7, 7.8, 7.14, 
and 7.21. In each case, the data could 
be presented in several other pictorial or 
tabular forms. 

5.3 SITE SELECTION 

Climate is rardy the only factor 

that governs the selection of a site 
for an industrial plant, but it k often 

* See bibliography at the end of this sec¬ 
tion. 
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FIG. 7.3 COMPARISON OF TEMPERATURE FREQUENCY 
DISTRIBUTIONS FOR TWO CITIES WITH THE 
SAME NORMAL ANNUAL TEMPERATURE. 

quite important. Assume that an indus- average value. Note that if the distribu- 

try desires a site for a plant requiring tions of Fig. 7.3 had been computed from 

constant temperature at 60“ F. No loca- daily temperature values, the differences 

tion will afford such an ideal situation between the two stations might have 

naturally, but a site that has a mean been more marked. Monthly or annual 

temperature of 60® and a minimum averages tend to suppress the extreme 

standard deviation of temperature will variations. 

require the least amount of artificial 

heating and cooling. The climatic factor 

must be weighed with other economic 5.4 site layout 

aspects in the selection of a suitable site. 

Figure 7.3 shows the frequency distribu- After an industrial site has been 

tions of mean monthly temperature for selected, weather factors may con- 

two cities having mean annual tempera- tinue to be important in determining the 

tures very close to 00® F as selected from plant layout. Assume a plant including 

Fig. 7.12. San Diego is clearly the pref- an outdoor operation that should be lo- 

erable site. The example demonstrates cated upwind of a plant xmit that will 

how important it is to consider the fre- produce considerable dust. In addition, 

quency distribution of the weather ele- the outdoor work area should be pro- 

ment in question as well as its normal or tected from wind for the comfort of the 
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of time wind blew from 
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FIG. 7.4 WIND BOSES FOB SACB.\MENTO, CALIFORNIA, 


workers. Frequency distribution of wind 
direction is commonly represented by 
a loind rose, such as that shown in Fig. 
7.4. If this wind rose were applicable to 
the site under study, it would seem de¬ 
sirable to place the outdoor operation to 
the north of the other plant buildings 
for protection, and southeast of the dust- 
producing unit to avoid the dust. The 
relatively light and infrequent east and 
northeast winds would be least harmful 
in transporting dust. Moreover, the wind 
roses for January and July suggest that 
the east and northeast winds are most 
common during the winter season when 
rain and snow might interfere with out¬ 
door work. Careful consideration should 
be given to the possibility that construc¬ 
tion of plant buildings might alter the 
local wind pattern and create undesirable 
eddies that would require a different 
solution. 


5.5 SCHEDULING 

Numerous operations must be 
scheduled to meet climatic dead¬ 
lines. Sales are materially reduced unless 
shipments of antifreeze for cars are in 
dealers' hands before the first cold spell of 


the year. Chocolate shipfied at tempera¬ 
tures over S7° F may be damaged by 
heat. Sales of soft drinks, citrus fruits, 
and ice cream are boosted by a heat 
wave. Figure 7.1a contains the informa¬ 
tion nece.ssary to estimate the probabil¬ 
ity of high temjieratures at any time 
during the year. Figures 7.5 and 7.21i 
summarize the jirobabilities that temper¬ 
atures at or below 32“ F will occur on or 
before any given date in the fall. From 
charts such as these, the industrial plan¬ 
ner can estimate the risk he is taking by 
scheduling delivery of products for a spe¬ 
cific date. He can balance the risk of 
loss through late delivery against the 
cost of storage if delivery is too early. 

Equally important in the distribution 
of seasonal products is the possible areal 
extent of a given weather condition. Fig¬ 
ure 7.6 shows the area covered by tem¬ 
peratures over 90“ F on August 10,1944. 
New York City endured temperatures 
in excess of 90" F for seven days during 
this heat wave. Products that would be 
in demand under such weather condi¬ 
tions must be available in sufficient 
quantity to serve the area., and should 
be located at distribution points from 
which they can be delivered promptly to 
all points in the area. 
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FIG. 7.5 CUMULATIVE PROBABILITY OF THE OCCUR¬ 
RENCE OF 32 °F OR LESS PRIOR TO ANY 
DATE IN THE FALL FOR BISMARCK, NORTH 
DAKOTA, 


FIG. 7.6 AREA COVERED BY THE HEAT WAVE OF 
AUGUST 10, 1944. 
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FIG. 7.7 CUMULATIVE PROBABILITY OF WET BULB 
DEPRESSION, SHREVEPORT, LOUISIANA (U. S. 
WEATHER bureau). 


5.6 EQUIPMENT OPERATION 

Equipment must be selected to 

meet the conditions in the area 
where it is to be used. The wet-bulb 
depression (Art. 12.1) is a measure of 
the degree of cooling possible with 
evaporative-type air-conditioning equip¬ 
ment. Figure 7.7 shows the cumulative 
probability of various wet-bulb depres¬ 
sions at Shreveport, Louisiana. From a 
chart of this type, the proper type of 
equipment could be determined for an 
installation in the area. Even more use¬ 
ful, however, would be a summary show¬ 
ing the wet-bulb depressions to be ex¬ 
pected for various ternijeratures. Such a 
joint frequency is shown in Table 7.1, 
which lists the number of periods of con¬ 
secutive cloudy days at San Jose, Cali¬ 
fornia, and the number of degree days 
.below 65® F occurring during these peri¬ 
ods. A table of this type would be help¬ 
ful in designing sola, heating equipment, 
since heat storage facilities or auxiliary 
heating must be supplied to assure ade¬ 
quate heat during cloudy days when 
solar heating is not satisfactory. Al¬ 
though single-city studies, such as those 
presented in Table 7.1 or Fig. 7.7, pro¬ 
vide a valuable guide in selecting equip¬ 


ment for a given installation, studies for 
many points are more valuable for de¬ 
termining the best standard sizes for 
units to meet the diversifiM conditions 
that can be expected. 


5.7 PRECIPITATION 

Precipitation (rain and snow) is 
an important factor in many in¬ 
dustrial problems. Drainage ways for 
storm water are designed on the basis 
of precipitation intensity-frequency 
data.* Snowfall is a factor in roof design 
in many portions of the country,! Snow¬ 
fall, temperature, humidity, .and wind 
enter the design of road and walk-way 
snow-melting systems.! Consider an in¬ 
dustry involving certain operations that 
are interrupted by rain. A reserve of 

* D. L. Yamell, Rainfall Intensity-Fre¬ 
quency Data (Washington, D. C.: U. 8. 
Department of Agriculture Misc. Publ. 204, 
1936). 

tSnow Load Studies (Washington, 
D. C.: Housing and Home Finance 
Agency, Housing Research Paper 19,1952). 

t Chapman, W. P., “Design of Snew 
Melting Systems,” Heating and Ventilat¬ 
ing, Reference Section, April 1952, 96-102. 
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TABDf 7.1 CONSECUTIVE CLOUDY DAYS AND CORRESPONDING HEATING DE¬ 
GREE DAYS AT SAN JOSE, CALIF. (Based on 8 years of record) 



materials is necessary to permit the rest 
of the process to continue during the 
interruptions. A climatological analysis 
of the frequency of various numbers of 
consecutive days of rainfall indicates how 
big this material reserve should be. The 
same data, used in an economic analysis, 
might suggest whether or not protection 
should be provided for the interruptible 
operation. Such an analysis of rainfall 
frequency is shown in Fig. 78. 


5.8 AIR POLLUTION 

Since meteorological factors play ' 

an important role in the movement 
of airborne pollutants, a study of the cli¬ 
mate of an area w'ill often suggest the 
problems that may result from a given 
industrial installation. Strong winds are 
normally indicative of satisfactory dis¬ 
persion of contaminants, but if the winds 
are predominantly from one direction, a 





























































































































530 


INDUSnttAL CUMATOLO0Y 





FiG. 7.8 PROBABILITY OF CONSECUTIVE RAINY DAYS 
AT SAN FRANCISCO, CALIFORNIA, (a) PROB¬ 
ABILITY THAT A RAIN DAY WILL BE ONE OF 
A SERIES OF V.ARIOUS LENGTHS, (b) CU.MU- 
LATIVE PROBABILITY TH.\T A RAIN DAY 
WILL BE ONE OF A SERIES EQUAL TO OR 
GREATER THAN THE INDICATED LENGTH. 


narrow strip of land downwind from 
the source may receive an excessive con¬ 
centration. Variabilitj in wind direction 
can be advantageous in spreading pol¬ 
lutant material over a wide area. How¬ 
ever, mean monthly or annual w'lnd data, 
such as were used to prepare the wind 
roses of Fig. 7.4, may conceal critical 
diurnal wind variations. Figure 7.9 shows 
the average hourly wind sjieed and direc¬ 
tion for Santa Maria, California. As at 


many coastal .stations, a land and sea 
breeze regime predominates, with light 
variable winds at night. Critical concen¬ 
trations of pollutants could be expected 
at night, although the average July wind 
speed of 7 miles per hour might at first 
inspection seem adequate for reasonable 
disiiersion. 

Under many conditions, dispersion of 
smoke and gases can be materially im¬ 
proved by increasing effective stack 
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LOCAL TIME 


FIG. 7.9 AVERAGE DIURNAL WIND VARIATION FOR 
JULY, SANTA MARIA, CALIFORNIA. 


height or exit temperature. If an inver¬ 
sion is common in the area, however, the 
only solution seems to he in the use of 
collection equipment at the stack or m 
redesign of the process to eliminate the 
source of nuisance. An inversion (Art. 
8.3) is a layer of the atmosphere in which 
temperature increases with height. Ver¬ 
tical movement of air through such a 
layer is suppressed and airborne pol¬ 
lutants collect beneath the layer in exces¬ 
sive concentrations. Meteorological anal¬ 
ysis can often anticipate the existence of 
this problem in a new development or 
assess the magnitude of the problem in 
areas already faced with air-polution 
problems. 

5.9 HUMAN COMFORT 

Human comfort and the effects of 

clothing are complex problems in¬ 
volving several weather factors. A great 
deal of experimental work and numerous 
formulas and charts have been exi>ended 
on the problem of classifying climate 


with respect to comfort. One such chart 
is show’ll in Fig. 7.10, which utilizes tem¬ 
perature and humidity as parameters.* 
An average wind velocity of 17 feet per 
second or 11.6 miles per hour is assumed. 
A joint frequency analysis of humidity 
and temperature would permit the cli¬ 
mate of a given place to be classified 
with respect to comfort, as indicated on 
this chart. It is interesting to note that 
the range AA is considered by Hunting- 
tont to be the optimum range for mental 
work. Range BB is considered optimum 
by British standards, w’hile CC is con- 
• sidered optimum m the United States. 
Climatologists generally agree that a 
considerable variation in weather is an 
important feature of a good climate. 
From the viewpoint of employee morale, 
comfort outside the plant is almost as 

*D. Brunt, “The Reactions of the Hu¬ 
man Body to Its Physical Environment,” 
Quarterly Journal of the Royal Meteoro¬ 
logical Society, Vol. 69, April 1943. 

t Ellsworth Huntington, Civilization and 
Climate (New Haven: Yale University 
Press, 1915), pp. 89-128. 
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FIG. 7.10 A TENTATIVE CLASSIFICATION OF CLIMATE 
AS IT AFFECTS HUMAN COMFORT. ASSUMED 
WIND SPEED OF 17 FEET PER SECOND. 




important as working conditions in the 
plant. The difference between BB and 
CC (Fig. 7.10) is suggestive of the differ¬ 
ing opinions regarding comfort that re¬ 
sult from a natural acclimatization of 
people exposed over a period of time to 
a given climate. Climatic comfort in¬ 
volve not only the weather, but also the 
preferences of ^he people concerned. 


6 . SOURCES OF CLIMATOLOGICAL 

DATA 

The main source of climatological 
data in the United States is the 
U. S. Weather Bureau, whose archives 
contain billions of items gathered, for 
the most part, since the last decade of 
the nineteenth century. Data are pub¬ 
lished monthly in Climatological Data 
Btdletim issued for each state. Files of 
these bulletins are to be found in many 
libraries and in Weather Bureau offices 
in the principal cities (Fig. 7.11). 
UnpublisW data may be obtained in 


the form of photostats, microfilm, or 
pimched-card tabulations. Data for the 
years 1934-41 and 1948 to date are on 
punched cards. The Bureau is prepared 
to provide special services in the tabu¬ 
lation, processing, or reproduction of 
data at cost. 

The most detailed weather records are 
obtained at approximately 500 Weather 
Bureau Offices, where hourly observa¬ 
tions and automatic instruments provide 
comprehensive coverage. Volunteer ob¬ 
servers at about 9,000 additional stations 
make daily observations of precipitation 
and maximum and minimum tempera¬ 
tures. These surface observations are 
supplemented by upper-air data from 
about 200 stations in the United States 
and Alaska. 

An extensive summary of climatologi¬ 
cal data for the United States is given in 
the Feor Book of Agriculture for 1941, 
Climate and Man.* A summary of 

*See bibliography at the end of this 
section. 
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Fia. 7.11 WEATHER BUREAU OFFICES AND SOLAR 
RADIATION STATIONS IN THE UNITED 
STATES. 
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monthly data for all available stations 
from the beginning of record to 1930 
appears in the Climatic Summary of the 
United States, Weather Bureau Bulletin 
W. World-wide weather records are pub¬ 
lished annually in the Reseau Mondial. 
Clayton has summarized records at se¬ 
lected world-wide stations for the periods 
of record in World Weather Records. 


7. CLIMATIC CHANGES 
7.1 FLUCTUATIONS 

Perhaps the most evident feature 

of weather is its variability. The 
various elements of weather at any point 
on the earth’s surface are continuously 
fluctuating about a value called the 
nonnal. Since the basis of most clima¬ 
tological studies is the assumption that 
the weather of the jiast is a guide to 
the weather of the future, it is important 
to know whether this normal is fixed or 
variable. 

Ahlmann* distinguishes between cli¬ 
matic variations, or trends measured in 
terms of geologic time, and climatic fluc¬ 
tuations observable in a period as short 
as the human life span. Geological evi¬ 
dence clearly demonstrates the existence 
of climatic variations Some parts of the 
world have experienced a change from 
near-polar climate to tropic climate over 
a period of some 50,000 years. This is 
a warming of about 0.001 F° per year, 
an in,significant quantity in most clima¬ 
tological studies. Superimposed on these 
variations are fluctuations of shorter pe¬ 
riod and greater magnitude. Kincert 
concludes that a definite upward trend 
in temperature persisted from about 
1860 to 1940. At Washington, D. C., this 
change seems to be about 2 F°, or about 
0.02 F° per year. Ahlmann finds some¬ 
what larger fluctuations in Sw^en. Pre¬ 
cipitation records provide less conclusive 

* H. W. Ahlmann, “The Present Climatic 
Fluctuation,” Geographical Journal, Voi. 
112, June 1947, 165-195. 

t J. B. Kincer, “Our Changing Climate,” 
American Geophysical Union Transactions, 
Vol. 27, 1947, 342-347. 


evidence of fluctuation, and the lack of 
long records for other elements makes it 
difficult to study trends in humidity, 
wind, cloudiness, and so forth. Brier* 
finds a definite decrease in air pressure 
in the Northern Hemisphere during the 
period 1900 to 1940. 

Changes in observation techniques 
may be responsible for at least part of 
the apparent trends that have been 
noted. It has been suggested that arti¬ 
ficial heating in cities is responsible for 
apparent upward trends in temperature, 
although this seems to be discounted by 
the existence of similar trends at rural 
exposures. Increased height of buildings 
and expansion of cities have increased 
frictional resistance to wind and lead to 
an apparent downward shift in wind 
speed in some cities. Average annual wind 
speed at Detroit, Michigan, decreased 
from 15 to 9 miles per hour between 1909 
and 1939. 

It may be concluded that natural 
trends are too small to be of impor¬ 
tance in industrial climatology, but that 
changes caused by man’s activities may 
be large enough to require special treat¬ 
ment. As a precaution, the data used in 
climatological studies should be the most 
recent available, and the record period 
used should be as short as possible con¬ 
sistent with requirements of an adequate 
stati.“tical analysis. These limitations will 
minimize the effects of trends in the 
data, whatever their cause may be. 

7.2 CYCLES 

A casual inspection of any series 

of meteorological data reveals fluc¬ 
tuations that seem to be roughly cyclical. 
A great deal of study has been given to 
determining the period and amplitude 
of such cycles and to explaining them 
through correlation with other cyclical 
phenomena such as sunspots and plane¬ 
tary movements. The results of these 
studies are not particularly conclusive. 

♦ G. W. Brier, “Forty-year Trend in 
Noithern Hemisphere Surface Pressure,” 
Bulletin of the American Meteorological 
Society, Vol. 28, 1947, 237-247. 
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Fourier analysis carried to a sufficient 
number of terms will produce a reason¬ 
able fit for almost any series of climatic 
data. Serial correlation analysis suggests, 
however, that most climatic series are 
entirely random. Vario\is investigators 
have identified nearly 100 “cycles’' in 
climatic data, ranging from one year to 
744 years in length.* None of these 
cycles or combinations of cycles have 
proved useful in predicting future 
weather. In the light of present knowl¬ 
edge, it seems best to consider climatic 
data as random series. 

The only clearly established cycles are 
the annual and diurnal ones, and even 
these are rarely identical. The earth-sun 
relationships responsible for daily fluctu¬ 
ations in temperature, wind, and hu¬ 
midity, and the annual march of almost 
all meteorological elements assure varia¬ 
tions that are roughly similar from day 
to day and year to year. 

7.3 PERSISTENCE 

Persistence is a term applied to 

the tendency of a weather condi¬ 
tion, once established, to continue for 
a period of time. Storms that bring rain 
are large air masses requiring time to 
move past a given point. Hence rain will 
persist until the sy.stem has moved from 
the area. Long-period persistence de¬ 
velops when a series of similar systems 
moves across an area; a given type of 
weather continues with minor interrup¬ 
tions for the time necessary for the .'series 
to pass. The circulation jiatterns that 
bring hot, dry weather to an area may 
be more common in some years than in 
others. The result is a dry year or 
drought. Since the reasons for the de¬ 
velopment of conditions of this type are 
only imperfectly understood, from the 
climatological viewpoint persistence is 
treated as a random occurrence—i.e., 
two rainy days in sequence will be com¬ 
mon, three less frequent, four still less 
frequent, and so on (Fig. 7.8), much as 

* Sir Napier Shaw, Manual of Meteorol¬ 
ogy, Vol. 2, 2nd ed. (London: Cambridge 
University Press, 1942), pp. 320-325. 


m 

would be expected for the occurrence 
of successive heads on the toss of a coin. 


8 . TEMPERATURE 
8.1 MEASUREMENT 

The most commonly observed tem¬ 
peratures are the daily maxima 
and minima measured about five feet 
above the ground in a white-painted, 
wooden shelter with louvered walls and 
double roof. Maximum temperature is 
observed by means of a mercury ther¬ 
mometer that functions like a clinical 
thermometer—i.e., the mercury rises 
freely but is restrained from falling by 
a con.striction in the bore. Minimum 
temperature readings are obtained from 
an alcohol thermometer that has a small 
glass index in the bore. Surface tension 
of the alcohol draws the index dowm as 
temperature falls, but as temperature 
rises the alcohol flows past the index. 
The position of the upper end of the 
index indicates the minimum tempera¬ 
ture since the last setting. Both ther¬ 
mometers are exposed in nearly hori¬ 
zontal positions. The shelter protects 
the thermometers from direct solar radi¬ 
ation so that they will record free-air 
temiierature at a level approximately that 
of a iier.'ion’s head. Continuous records 
of temperature are obtained at Weather 
Bureau Offices from thermographs, in 
which a bimetallic or liquid-filled element 
actuates a pen on a clock-driven chart. 
Since these instruments are less accurate 
than the thermometers, their records are 
ordinarily adjusted to conform to the ob¬ 
served maximum and minimum tempera¬ 
tures. 


8.2 TERMINOLOGY 

The following definitions cover the 
most commonly used temperature 
expressions and are in accord with U. S. 
Weather Bureau usage.* 

* A. H. Thieasen, Weather Glossary 
(Washington. D. C.: U. S. Weather Bu¬ 
reau, 1946L 
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Mean daily temperature is the average 
of the maximum and minimum temper¬ 
atures for the day. Th® value is usually 
slightly high, but within a degree of the 
true average temperature for the day. 
The magnitude of the bias varies some¬ 
what with the time of observation.* 

Daily range is the difference between 
the maximum and minimum tempera¬ 
tures for a given day. 

Mean monthly temperature is the 
average of the mean monthly maximum 
and minimum temperatures. 

Absolute monthly range is the differ¬ 
ence between the highest and lowest 
temperatures during the month. 

Mean annual temperature is the aver¬ 
age of the 12 monthly mean tempera¬ 
tures for the year. 

Annual range is the difference between 
the mean temperatures of the warmest 
and coldest months of the year. 

A degree day is a departure of one de¬ 
gree per day from a selected reference 
temperature. Most published degree-day 
data are based on departures below 
66® F, a measure of heating required in 
buildings. A day with a mean daily 
temperature of 60“ F represents five 
degree days below 65° F. If the daily 
temperature fluctuates above and below 
the reference value, degree days com¬ 
puted from the mean temperature will 
usually be less than those determined 
by summing the degree hours for the 
day and dividing by 24. Under some 
circumstances, the difference may be 
quite large. 

8.3 AREAL VARIATIONS IN TEMPERA¬ 
TURE 

Two types of areal variations in 
climatic elements may be noted: 
(1) those resulting from the conditions 
of exposure of instniments, and (2) 
point-to-point differences with uniform 
exposure. The standard thennometer 
shelter is intended to create a uniform 
exposure condition for the instruments. 

* W. F. Rumbaugh, “The Effect of Time 
of Observation on the Mean Tempera¬ 
ture,” Monthly Weather Review, Vol. 62, 
1934, 376-376. 


Different types of shelters (or no dielters 
at all) may result in differing temper¬ 
atures on thermometers only a few feet 
apart. The temperature within a shelter 
is an index to temperatures near the 
shelter, but it is not intended to be a 
quantitative measure of these conditions. 
The temperature of a surface exposed to 
the direct rays of the sun will be sub¬ 
stantially higher than the “official tem¬ 
perature.” Temperatures in or near a 
building will differ from shelter temper¬ 
atures, depending on the type of con¬ 
struction and the extent of artificial 
heating or cooling. Any climatological 
analysis of temperature must view 
the shelter temperature in the light of 
the actual temperature conditions at the 
point of interest. Published temperature 
data must either be treated as a statisti¬ 
cal index of the temperature influence 
being studied or be adjusted for the 
differences in conditions of exposure. 

Large variations in temperature may 
be observed when thermometers are ex¬ 
posed in standard shelters in different 
locations. Some of the macro-variations 
in normal annual temperature are de¬ 
picted in Fig. 7.12. The most obvious 
variation is with latitude, as indicated 
by the general east-west alignment of 
isotherms (lines of equal temperature) 
in the eastern United States. Since large 
bodies of water exert a stabilizing influ¬ 
ence on temperature, winter isotherms 
bend .southward along the coasts and 
summer isotherms are diverted north¬ 
ward. The annual range of temperature 
is therefore lower along the coasts than 
in the interior. The effect of topography 
is evident in the greatly distorted pat¬ 
tern of the western states, with generally 
lower temperatures in regions of high 
elevation. 

Micro-variations m temperature are 
controlled by much the same factors as 
are the large-scale variations. Large lakes 
modify the temperature regime of the 
immediate area.* Vegetation has a stabi- 

* J. Leighly, “Effects of the Great Lakes 
on the Annual March of Temperature in 
Their Vicinity,” Papers of the Michigan 
Academy of Arts, Science, and Letters, Vol. 
27, 1941, 337-414 
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FIG. 7.12 NORMAL ANNUAL TEMPERATURE ( °f) IN 
THE UNITED STATES (u. S. WEATHER 

bureau) . 


lizing effect, and maximum temperature, 
daily range, and annual range are usually 
lower at stations in a forest than at 
stations in open country. The artificial 
heat of cities and the shielding effect of 
haze and smoke result in higher tem¬ 
peratures than in the immediately sur¬ 
rounding country. The difference is often 
as much as 2 F°, resulting mainly from 
higher minimum temperatures in the 
cities. 

Probably the most important factor 
controlling temperature is topography. 
If dry air is forced to rise, it expands, 
because of lower pressure, and therefore 
cools. Assuming an adiabatic process (no 
heat exchange between a rising air par¬ 
ticle and its environment), free-air tem¬ 
perature decreases about 0.5 F" per 100 
feet of elevation. Air lifted above its 
condensation level becomes saturated 
and cools at about 0.3 F® per 100 feet 
because of the latent heat of condensa¬ 
tion released by the moisture. If the 
cooling and condensation of moisture in 
the air result in precipitation, the ther¬ 
mal process is not reversible, and when 
the air descends on the leeward slope of 


the mountain it is warmed at the drj^ 
adiabatic rate. Level for level, warmer 
temperatures are experienced on the 
leeward slopes of mountains than on the 
windward slopes. The Chinook or joehn 
wind—a warm, dry, downslope wind— 
is the result of this process. 

The average rate of temperature de¬ 
crease with height assumed in the U. S. 
Standard Atmosphere (Table 7.2) is 
about 0.36 F® per 100 feet near the 
ground. In general, we may expect a 
temperature decrease between 0.3 and 0.4 
F® per 100-foot increase in altitude. 
This condition will exist only when the 
wind is strong enough to keep the air 
well mixed. Under still air conditions, 
radiative cooling of the ground results 
in a rapid lowering of the ground sur¬ 
face temperature at night, and an in¬ 
version or increase of temperature with 
height may develop. Under these condi¬ 
tions, frost may occur at the ground 
surface with above-freezing temjieratures 
in the instrument shelter. An inversion 
may also form aloft, creating a thermal 
stratification beneath which smoke and 
dust tend to collect. Without strong 


TABLE 7.5 Variation of pressure, temperature, and boiling point 
WITH elevation* 


Elevation 
(Ft. above 
mean sea 
level) 

Pressure 

Air 

temperature 

“F 

Boiling point 
"F 

Inches of 
mercury 

Millibarsf 

-1,000 

31.02 

1050.5 

62.6 

213.8 

0 

29.92 

1013.2 

59.0 

212.0 


28.86 

977.3 

55.4 

210.2 


27.82 

942.1 

51.8 

208.4 


26.81 

907.9 

48.4 

206.5 

4,000 

25.84 

875.0 

44.8 

204.7 

5,000 

24.89 

842.9 

41.2 

202.9 

6,000 

23.98 

812.1 

37.6 

201.1 

7,000 

23.09 

781.9 

34.0 

199.2 

8.000 

22.22 

752.5 

30.6 

197.4 

9,000 

21.38 

724.0 

27.0 

195.6 

10,000 

20.58 

696.9 

23.4 

193.7 

11.000 

19.79 

670.2 

19.8 

191.9 

12,000 

19.03 

644.4 

16.2 

190.1 

13.000 

18.29 

619.4 

12.6 

188.2 

14.000 

17.57 

595.0 

9.1 

186.4 


* Data reprpi’pnt average free-air coniiitinna. 

t The meteorological unit of preeaurc equivalent to 1,000 dynea per equare centimeter. 


winds, the cooling of the surface air 
may lead to air drainage, the flow of the 
cold air down.slope. As a result, valley 
temperatures may be lower than those 
on the adjacent hills. 


8.4 adjustment of temperature 

RECORDS 

The factors described in the pro¬ 
ceeding paragraphs mean that 
moving a temperature station may easily 
result in changes in observed tempera¬ 
tures. One method for detecting and 
correcting such changes is to plot the 
temrierature data from the station m 
question against the average temperature 
at several nearby stations which are 
known to be unchanged (Fig. 7.13). A 
change in the conditions of observation 
will ordinarily be indicated by a shift in 
the relation. The adjustment may be 
different for maximum and minimum 
temperatures and may also vary during 
the year. A relation of this type may 
be used to estimate missing records or 
to extend the station record to the years 


prior to the actual beginning of observa¬ 
tions. The imiiortance of such an ad¬ 
justment depends on the problem under 
study, but it.s magnitude .should certainly 
be investigated for all stations known to 
have been moved. Since records of .sta¬ 
tion move.s during the early years of the 
Weather Bureau are rather inadequate, 
a test for all stations is preferable. Fig¬ 
ure 7.14 indicates the magnitude and 
frequency of temperature differences 
that may be expected between two 
stations a short distance apart. The 
Sleepy Hollow station is about six miles 
SSW and about 350 feet higher than 
the Washington, D. C., City Office. Note 
the difference between maximum and 
minimum temperatures and the seasonal 
variations. 


9. precipitation 

9.1 measurement 

Precipitation amoimts are ex¬ 
pressed in terms of the depth of 
liquid water that would accumulate on 
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TEMPFRATURE AT ST AT'ON BEING TESTED, 'P 


FIG. 7.13 RELATION FOR AD.irSTING TEMPERATURE 
RECORDS FOR EFFECT OF A STATION MOVE. 


a horizontal surface. The official gage of 
the U. S. Weather Bureau consists of 
a funnel 8 inches in diameter which dis¬ 
charges into a measuring tube 2.53 inches 
in diameter. An outer container S inches 
in diameter serves as an overflow can. 
The ratio of areas between .funnel and 
measuring tube is 10:1 so that the depth 
in the tube can be measured to the 
nearest 0.01 inch of precipitation on the 
8-inch funnel with a scale graduated to 
0.1 inch. Snow is measured by removing 
the funnel and catching the precipitation 
m the overflow can. The snow is melted 


and poured into the measuring tube so 
that Its water equivalent can be meas¬ 
ured. Numerous gages of smaller diame¬ 
ter are in use. They are usually as 
accurate as the larger gage for measuring 
rainfall but are unsatisfactory for meas¬ 
uring snowfall. 

The most common type of recording 
gage u-sed to obtain data on short-period 
rainfall intensity is the weighing gage. 
A collecting bucket is mounted on a plat¬ 
form supported by a spring or lever 
scale and the increase in weight is re¬ 
corded on a chart. The tipping bucket 
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SLEEPY HOLLOW HIGHER THAN CITY OFFICE 
I I Sleepy hollow lower than city office 

FIG. 7.14 FREQUENCY OF DAILY MAXIMUM AND 
MINIMUM TEMPERATURE DIFFERENCES 
BETWEEN WASHINGTON, D. C. CITY OFFICE 
AND SLEEPY HOLLOW, VIRGINIA, 1942-44 
(U. S. WEATHER BUREAU). 


gage consists of a pair of small buckets 
mounted under a funnel in such a way 
that when one receives 0.01 inch of 
precipitation, it tips and discharges its 
contents and at the .same time brings the 
other bucket under the funnel. Each tip 
of the buckets is recorded on a chart. 
The tipping bucket records are usually 
more satisfactory for determining rain¬ 
fall rates for periods of less than an 
hour, but the gage is not very suitable 
for measuring snowfall. 

The exposure of the gage has more 
effect on the accuracy of rainfall records 
than does the type of gage used. The 
gage, should be far enough from trees or 
buildings so that it is not sheltered from 
rainfall. On the other hand, strong winds 
tend to deflect a portion of the precipi¬ 
tation from the gage and result in 
catches that are too low. Some protection 
by low bushes, tre^, or buildings about 
as far from the gage as their own height 
is desirable. No quantitative basis is 
available for suggesting the errors result¬ 
ing from differing exposures, but in 
studiiM in which quantity of rain is 
important, records from severely wind¬ 

530 


swept sites should be viewed with some 
suspicion unless a special windshield has 
been used on the gage. 


9.2 SNOW 

Snow on the ground is measured 

in inches of depth with any con¬ 
venient scale. To allow for variations 
resulting from local melting or drifting, 
the reported depth should be an average 
of several readings in the vicinity of the 
station. All cooperative observers of the 
Weather Bureau are asked to record 
snow depth, but these data are not pub¬ 
lished and must be obtained from the 
Bureau files. 


9.3 CAUSE OF PRECIPITATION 

Macro-variations of precipitation 
(Fig. 7.15) are dependent on near¬ 
ness to a moisture source, topography, 
and latitude. Since the moisture content 
of the atmosphere is a function of tem¬ 
perature, there is a greater amount of 
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FIG. 7.15 NORMAL* ANNUAL PRECIPITATION 
(inches) in the united states 

(U. S. WEATHER BUREAU). 


water available for precipitation in the 
lower latitudes. With the oceans as the 
source of moisture for precipitation, it 
is also natural to find greater amounts 
of precipitable water along the coastlines 
than in the interior of continents. Evap¬ 
oration from lakes and land surfaces, and 
transpiration of moisture by plants, are 
not major sources of atmospheric mois¬ 
ture.* Nor do man-made lakes materially 
affect the precipitation regime of an area. 
Moisture alone is not sufficient to bring 
heavy precipitation to an area. A mech¬ 
anism capable of converting atmospheric 
water vapor to liquid water is essential. 
This is accomplished by cooling the air. 
The only means of cooling large air 
masses sufficiently to produce heavy pre¬ 
cipitation is by lifting, which causes 
cooling by expansion (Art. 8.3). The 
three basic lifting processes are frontal, 
convective, and orographic. 

A /rent is the boundary between two 

* G. S. Benton, R. T. Blackburn, and V. 
O. Snead, “The Role of the Atmosphere in 
the Hydrologic Cycle,” American Geo¬ 
physical Union Transactions, Vol. 31, Feb. 
1950,61-73. 


air masses of differing characteristics. 
A warm front is one in which the 
air behind the front is wanner than 
that preceding the front. A cold front 
is the reverse—i.e., the colder air fol¬ 
lows the front. The warm, moist air 
following, a warm front rises over the 
colder air in advance of the front. This 
lifting results in condensation and per¬ 
haps precipitation. Warm-front precipi¬ 
tation is usually gentle and continuous 
for a fairly long period. A cold front 
pushes under the warmer air in advance, 
lifting is more rapid, and precipitation 
is more intense but of shorter duration. 
Many cold fronts are accompanied by 
thunderstorms. 

Convectional lifting takes place when 
an air mass is warmed from below and 
tends to rise through cooler air surround¬ 
ing it. The thunderstorms of the eastern 
United States are convectional storms 
and result in very intense but localized 
precipitation. Convectional thunder¬ 
storms may bring rain to areas as small 
as four or five square miles while the 
surrounding country receives little or 
no rainfall. 
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Mountains fonn orographic barriers 
over which air masses must rise. If the 
air contains sufficient moisture, the 
mountains become regions of high pre¬ 
cipitation. Because mountains are fixed 
barriers causing the rain to occur at 
the same place each time, rainfall is 
usually higher than in regions of frontal 
activity where the moving front dis¬ 
tributes the precipitation over large 
areas. The more rapidly air is lifted, the 
greater the amount of moisture con¬ 
densed. Therefore, the steeper the moun¬ 
tain slopes, the greater the precipitation. 
Orographic precipitation is distinguished 
by the regularity of the precipitation 
pattern. Areas of high and low precipita¬ 
tion remain reasonably stable from storm 
to storm. Because air is descending on 
the lee slopes of a mountain, a rain 
shadow or region of low precipitation is 
usually present on the slopes away from 
the prevailing wind. Rain drops do not 
fall vertically from their point of forma¬ 
tion; rather, they describe a trajectory 
to leewartl that is determined by wind 
speed and drop size. Hence leeward 
sloiies immediately beyond a mountain 
crest may receive fairly high precipita¬ 
tion as a result of carry-over of ram 
formed during the ascent on the wind¬ 
ward slope. 


9.4 ARE.\L VARIATIONS OF PRECIPITA¬ 
TION 

Areal variations of precipitation 

are somewhat more difficult to 
rationalize than tho.se of temperature. In 
regions of little relief, areal variations 
from .storm to storm may be quite large, 
but, in the average over long periods of 
time, the differences from point to point 
will be small because oi the random lo¬ 
cation of the storm centers. In such 
regions one can interpolate linearly be¬ 
tween rainfall stations to estimate 
normal monthly or annual rainfall at 
ungaged jioints. If there is sub.stantial 
topographic relief, the situation is quite 
different. Large vaiiations in precipita¬ 


IM 

tion may be observed over very short 
distances and linear interpolation may 
be quite inaccurate. Some success has 
been reported * in use of multiple corre¬ 
lations between precipitation and topo¬ 
graphic factors as a basis for estimat¬ 
ing normal annual rainfall in mountain 
regions. Vegetal types, erosion condi¬ 
tions, and other factors affected by rain¬ 
fall offer further clues to the rainfall 
pattern in mountains. 

to 

9.5 ADJUSTMENT OF PRECIPITATION 

RECORDS 

Few precipitation stations have 

remained in exactly ihe same lo¬ 
cation throughout their period of record. 
In some instances, a station move has 
involved a large change in exposure con¬ 
ditions without a corresponding change 
in name. Such records may be adjusted 
by use of the double mass curve.f A 
double mass curve is constructed by 
plotting the mass accumulation of pre¬ 
cipitation at the station to be tested 
against a comparable mass accumula¬ 
tion for the same years at a group of 
control stations in the immediate area 
(Fig. 7.16). A change in the rainfall 
regime of the station is indicated by a 
change in slope of the double mass curve. 
The station records may be adjusted by 
multiplying the older records by the 
ratio of the slopes of the double mass 
curve before and after the change in 
slope. The method is somewhat subjec¬ 
tive and caution is necessary to avoid 
interpreting random variations about the 
double mass curve line as critical changes 
in slope. Analysis of variance may be 
used to indicate the probable significance 


* W. C. Spreen, “A Determination of the 
Effect of Topography on Precipitation,” 
Aynerican Geophysical Union Transactions, 
Vol. 28, April 1947, 285-290. 

t M. A. Kohler, “Double-mass Analysis 
for Testing the Consistency of Records and 
for Making Required Adjustments,” Bul¬ 
letin of the American Meteorological So¬ 
ciety, Vol. 30, 1949, 188-189. 
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FIG. 7.16 DOUBI.E-MASS CURVES FOR ADJUSTMENT 
OF PRECIPITATION RECORD. 


of an apparent change in slope if no 10 . sunshine and cloudiness 

record of an actual station move exists. 

Missing records at a station may be 10.1 observations 
estimated by multiplying records from 

adjacent stations by the ratio of slopes Three types of observations pro¬ 
of the" respective mass curves. The vide data on sunshine, solar radi- 

double mass curve assumes the e.xist- ation, and sky cover. The most common 
once of a relation between prccijiitation observations are those of state of the 
amounts at nearby stations. Although sky. All cooperative observers are asked 
this assumption is valid for annual and to record the condition of the sky at 
monthly precipitation, it may not be observation time as either clear, partly 
for daily records. cloudy, or cloudy. These are subjective 
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FIG. 7.17 average daily number of hours of 

SUNSHINE IN THE UNITED STATES (U. S. 
WEATHER bureau) , 


observations and are of limited value, 
because they represent only conditions 
at one instant during the day. Regular 
offices of the Weather Bureau observe 
cloud cover hourly and express the ob¬ 
servation in tenths of the sky covered by 


clouds. The observations are made by 
trained observers and are more reliable 
than those made by cooperative ob¬ 
servers. The average of the hourly ob¬ 
servations is the daily cloudiness. The 
rules governing these observations are 
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sueh that a complete overoaat of high 
cirrus clouds is reported as 10/10 cloudy, 
although much radiation reaches the 
ground. Quantitative estimates of radia¬ 
tion reaching the ground must be based 
on cloud type as well as cloudiness. 
Haurwitz* has developed an equation 
expressing insolation as a function of 
cloud type and density. 

Sunshine duration indicators in use at 
many stations consist of a mercury 
switch so arranged that incident radia¬ 
tion causes the mercury to expand and 
close a circuit; the circuit is also closed 
at one-minute intervals by another 
switch controlled by a time clock. If 
both switches are closed simultaneously, 
an indication is made on a chart. The 
time of sunshine and its total duration 
to the nearest minute are obtainable 
from the chart. The threshold radiation 
that will activate the Indicator depends 
upon its adjustment. Records from two 
offices may not be exactly comparable 
because of differing threshold settings. 

Solar radiation is measured with 
pyrheliometers at about 50 stations in 
the United States (Fig. 7.11). The Epply 
pyrheliometer is most common. This de¬ 
vice consists of a series of concentric 
rings painted alternately black and white 
and exposed in a glass globe. The current 
developed by the temperature difference 
between the black and white rings is a 
measure of the incident radiation. The 
usual chart record shows instantaneo\is 
values of incident radiation and must be 
integrated to determine daily totals. The 
customary unit is the langley {ly), which 
is one gram calory per square centimeter. 
One langley is equivalent to 3.69 Btu 
per square foot. 

10.2 VABIATIONS 

Generally speaking, geographical 

variations of sunshine (or cloudi¬ 
ness) are not large. Except under special 

* B. Haurwitz, “Insolation in Relation to 
Cloudiness and Cloud Density,” Journal 
of Meteorology, Vol. 2, September 1945, 
164-166; Vol. 3, December 1946, 123-124; 
Vol. 6. June 1948, 110-113. 
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conditions, one can usually transpose 
records of sunshine or cloudiness over 
fairly large areas. Along coastlines, where 
the persistence of fog varies widdy, the 
only safe basis for estimates of this con¬ 
dition are local observations. Similarly, 
local smoke and dust (smog) may re¬ 
duce the sunshine received in cities. Fig¬ 
ure 7.17 shows maps of average daily 
hours of sunshine in the United States 
during the winter and summer. Marked 
seasonal differences are evident. The 
amount of radiation reaching the ground 
depends both on the duration of sun¬ 
shine and on the extent of interception 
of radiation by the atmosphere. Even 
5,{X)0 feet of clear air wiU reduce the 
radiation received at the ground by as 
much as 10 per cent.* Because of the 
very few solar radiation stations in the 
United States, the data for the map of 
Fig. 7.18 were obtained for the most 
part by computing radiation Q from 

Q = Qo(0.35-1-0.61S) (1) 

where Qo is th® cloudless-day radiation 
and S is the per cent of possible hours 
of sunshine.t The values on the map 
indicate radiation received on a horizon¬ 
tal plane at the earth’s surface. 


11. WIND SPEED AND DIHfiCTION 

11.1 OBSERVATIONS OF WIND SPEED 

Wind-speed records are obtained 
at almost all Weather Bureau 
offices from instruments known as 
anemoTMters. The most common type 
of anemometer consists of three cups 
rotating about a vertical axis. Contacts 
are provided for each sixtieth mile of 
wind. By counting the number of con¬ 
tacts per minute, the average velocity 

* 1. F. Hand, J. H. Conover, and W. A. 
Boland, “Simultaneous Pyrheliometric 
Measurements at Different Heights on Mt. 
Washington, N. H.,” Monthly Weather Re~ 
view, Vol. 71, May 1943, 66-69. 

t S. Fritz and T. H. MacDonald, “Aver¬ 
age Solar Radiation in the United States,” 
Heating and Ventilating, Vol. 46, July 
1949, 61-64. 
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FIG. 7.18 AVERAGE DAILY SOLAR RADIATION (lANQ- 
ley) in the united states. 


during the minute (in miles per hour) 
is obtaiDed. At many airports the only 
record is that of the hourly one-minute 
average velocity. The same type of 
anemometer can be geared to contact 
after each mile and can be connected 
to a recorder that indicates the time 
of each contact. The speed between 
contacts is determined by measuring the 
time interval. 

A more recent development in ane¬ 
mometers is the propeller type, in which 
a two- or three-bladed propeller rotates 
about a horizontal axis. A tail vane keeps 
the rotor pointing into the wind. An 
armature is rotated inside a coil by the 
propeller and the current generated 
varies with the speed. A dial microam¬ 
meter shows the mstantaneous wind 
speed, or a recording ammeter can pro¬ 
vide a continuous trace. This type of 
anemometer makes possible a better 
estimate of gust velocities, but the 
inertia of the assembly considerably 
dampens wind-speed fluctuations of very 
^ort periods. 

A pressure tube anemometer consists 
of a pitot tube mounted with a tail 


vane to keep it pointed into the wind. 
Pressure variations are transmitted to 
a recording device, often a pen floating 
in a mercury manometer. The pressure 
tube anemometer gives the most detailed 
record of wind-speed fluctuations if the 
manometer is sufficiently sensitive. 


11.2 observations of wind direc¬ 
tion 

Wind direction is observed with 
a wind vane. Most airport stations 
read the direction at hourly intervals 
from a direct-reading dial positioned by 
a selsyn transmitter at the vane. Some 
offices record direction each minute to 
eight compass points by means of an 
arm attached to the vane which contacts 
one of four directional segments. A 
clock-driven switch is closed at one- 
minute intervals, causing one of four 
pens to mark on a sheet depending on 
the momentary wind direction. Inter¬ 
mediate directions are recorded when the 
contact arm bridges between two s^- 
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mentE and causes two pens to mark 
simultaneously. Hourly prevailing wind 
direction is determined from the chart 
as the direction with the largest number 
of contacts during the hour. Daily pre¬ 
vailing direction is that direction with 
the largest number of hours prevailing. 
Note that prevailing direction is only 
the direction that occurred most fre¬ 
quently and may actually have occurred 
as little as 20 per cent of the time. 


11.3 VABIATIONS IN WIND 

Wind is probably the most vari¬ 
able element of climate in terms 
of point-to-point differences. Local sur¬ 
face winds are greatly influenced by 
topography, vegetation, and structures. 
Obstruction by buildings usually results 
in lower w’ind velocities in cities than 
in the surrounding country (Art. 7.1). 
Valleys receive the same sort of shelter 
from surrounding hills. In open terrane 
with little relief, wind data are usually 
transposable from the anemometer lo¬ 
cation to a wide surrounding area. In 
mountains, wind velocity and direction 
may vary widely over very short dis¬ 
tances. Local oteervations are the only 
sure check on such variations. 

Since wind is fluid (air) in motion, its 
speed is greatly affected by friction with 
the earth’s surface. The effect of friction 
is evident up to altitudes of about 2,0(X) 
feet above the groimd, but is most 
marked immediately above the surface. 
Height of anemometer is therefore an 
important factor in interpreting wind 
data. The relation between wind speeds 
at different levels in the friction layer 
is given approximately by the equation 



where is the wind speed and Z is 
height. The subscript 0 indicates the 
measured wind-siieed and anemometer 
elevation. The exponent k varies from 
for winds under eight miles per hour 
to ^ for winds over 35 miles per hour, 
with an average of about 


aar 

11.4 HUBBICANIS'AND TOBNADCHDS 

Hurricanes reach maximum in¬ 
tensity over the oceans and disri- 
pate rapidly as they move inland. 
Coastal wind data in hurricane areas 
should not be transposed more than a 
few miles inland. Tornadoes encompass 
such a small area and are so violent that 
no measurements of velocity are avail- 
ble. From the climatological viewpoint, 
tornadoes are treated as separate from 
the regular wind regime. Figure 7.19 
shows tornado probabilities by states for 
the United States. 


12 . HUMIDITY 

12.1 OBSEBVATIONS 

Since the moisture content of the 
air must be measured indirectly, 
it is one of the most difficult elements 
to measure. Most observations are made 
with psychrometers consisting of a pair 
of thermometers, one of which has its 
bulb covered with a muslin wick mois¬ 
tened with water. When these ther¬ 
mometers are ventilated by whirling or 
by use of a fan, evaporation from the 
moistened wick depresses the wet-bulb 
temperature. An empirical correlation 
between the dry-bulb temperature and 
wet-bulb depression permits calculation 
of dew point or relative humidity.* 
Thermistors or thermocouples are some¬ 
times used as elements in continuously 
recording psychrometers. 

A more common humidity recording 
device is the hygrograph, in which the 
variations in length of a strand of human 
hair actuate a pen which records relative 
humidity. Records from hygrographs 
may often be substantially in error.t 

♦ Psychrometric Tabtea (Washington, 
D. C.: U. S. Weather Bureau, 1941). 

t M. F. Mueller, "Characteristics of 
Hair-element Humidity Instruments,” In- 
slrumenlalion, Vol. 22, September 1949, 
798-799; and N. Sissenwine, “On Inaccura¬ 
cies of the Hair Hygrograph Operated in 
Closed Tents,” Bulletin of the American 
Meteorological Society, Vol. 28, April 1947, 
1^-196. 
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FIG. 7.19 TORNADO PROBABILITIES IN THE UNITED 
STATES (U. S. WEATHER BUREAU). 


The hairs are affected by temperature 
and show a lag that increases with de¬ 
creasing temperature, becoming almost 
infinite at —40® F. Frequent exposure 
of the hair element to a wide range in 
humidity is necessary for good results. 
Continued exposure in a very dry or 
wet atmosphere may cause a drift in the 
instrument calibration. Records from 
hair hygrographs should be adjusted to 
conform to psychrometer observations 
near the daily maximum and minimum 
humidities. 


12.2 UNITO OF HUMIDITY 

Vapor pressure i.^ the partial pres¬ 
sure exerted by water vapor in the 
air. It is most commonly expressed in 
millibars (1,000 dynes per square centi¬ 
meter) and is computed from an em¬ 
pirical equation using wet- and dry-bulb 
temperatures and air pressure. The dew¬ 
point temperature is the temperature 
at which a given parcel of air would be¬ 


come saturated with water when cooled 
at constant pressure without change in 
moisture content. Absolute humidity is 
an expression of the mass of water vapor 
in a given space. It may be computed 
from the equation 

a* = 217^^ (3) 

where is absolute humidity in grams 
per cubic meter, c is the vapor pressure, 
and Ta is the absolute temperature in 
“K (zero =-273® C). 

Relative humidity is the percentage 
ratio of the moisture in a given space to 
that which the space could hold if satu¬ 
rated. It u given by the equation 

/-lOO; (4) 

where / is relative humidity in per cent, 
e is vapor pressure, and e, is saturation 
vapor pressure. Relative humidity is 
widely used because it reflects the effect 
of humidity on human comfort, but it is 
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tui."uqsatisfactory measure for many pur¬ 
poses because it is a function of tmper- 
ature. With a constant moisture content, 
relative humidity rises as air tempera¬ 
ture falls, and vice versa. The other ex¬ 
pressions for humidity remain constant 


SS9 

imless there is an actual change in tbe 
moisture content of the air. Relative 
humidity data show a marked diurnal 
variation, while the other measures of 
humidity vary only slightly throughout 
the day. 


ria. 7.20 avehage meelative humidity at local 
NOON (per cent) for THE UNITED 
STATES (U. S. WEATHER BUREAU). 
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12.3 VABIATION8 OP HUMIDITY an analysis lies in his understanding of 


In contrast to the elements die* 
cussed in the previous sections, 
humidity is a relatively stable element. 
Dew-point temperature, vapor pressure, 
and absolute humidity are usually about 
the same over a fairly large area and 
their normal values are similar for large 
areas. Since relative humidity is a func¬ 
tion of temperature, it is more variable 
because of the temperature differences 
imposed on the humidity differences. 

In general, humidity is a function of 
distance from a source of moisture; it is 
maximum along coastlines and minimum 
in the interior of continents (Fig. 7.20). 
Since the maximum quantity of vapor 
the air can hold is a function of tem¬ 
perature, absolute humidity is greatest 
in the low latitudes. Dew-point temper¬ 
ature cannot exceed the temperature of 
the source of atmospheric moisture. 
Hence coastal dew points approximate 
the temperature of the adjacent ocean 
waters. The maps of Fig. 7.10 show 
relative humidity at noon (local time). 
Since this is near the daily temperature 
maximum, relative humidity is near the 
diurnal minimum. The two maps also 
show a marked seasonal variation in 
humidity in the interior of the country 
but relatively little seasonal difference 
along the coast. 

13. STATISTICAL METHODS IN 
CLIMATOLOGY 

13.1 FREQUENCY DISTRIBUTIONS 

Climatological analysis depends 
heavily on basic statistical meth¬ 
ods. The climatologist’s special role in 


the limitations of the data and the inter¬ 
relations that may be expected. Methods 
of statistical analysis in climatology are 
discussed at some length by Conrad and 
Poliak.* Since climatology is concerned 
mainly with probability, the character 
of the frequency distributions encoun¬ 
tered becomes impxirtant. With a large 
number of data, the events with moder¬ 
ately high probability can be predicted 
quite accurately from the raw data. If 
the data are limited in number or if 
interest centers on events of low proba¬ 
bility, the results may be considerably 
enhanced by using a suitable theoretical 
distribution. A tentative estimate of the 
length of record ■ required to obtain a 
stable frequency distribution for various 
elements and types of climate is shown 
in Table 7.3. 

Climatologists have commonly as¬ 
sumed that the normal distribution is 
applicable to most climatological data. 
The adequacy of this assumption de¬ 
pends on the problem at hand. The 
distributions of several elements for 
Washington, D. C. are shown in Fig. 
7.21, The smoothed curves are the nor¬ 
mal distribution as fitted to the data. 
Monthly and annual means of tempera¬ 
ture, wind speed, sunshine, and humidity 
conform to the assumption of normality. 
Precipitation for months or years is 
usually slightly skewed, but often it can 
be satisfactorily treated with the normal 
distribution in problems not concerned 
with extreme values. The distribution of 
short-period values of almost all ele¬ 
ments departs from the nornrial more 

*See bibliography at the end of this 
section. 


TABLE 7.3 APPROXIMATE LENGTH OF RECORD IN YEARS REQUIRED FOB A 
STABLE FREQUENCY DISTRIBUTION* 


Climatic dement 

lalanda 

- Type of 

Coaata 

area - 

Plaine 

Mountains 

Temperature 

10 

15 

15 

25 

Humidity 

3 

6 

5 

10 

Cloudtneaa 

4 

4 

8 

12 

Visibility 

5 

5 

5 

8 

Precipitation amounts 

26 

30 

40 

50 


* Study ef Lmgih of Record Needed to Obtain Satii/aetory ClimaUe Sumtnariee for VaWou* MdeorAonieoX 
SiontotUi (WuhinctoB, ,D. C.; Army Air Forces Weather InformatioB Breach Report fiSS, November IMS). 
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no. 7.21 SOME FREQUENCY DISTRIBUTIONS OF CLI¬ 
MATIC ELEMENTS FOB WASHINGTON, D. C. 


then does that for long-period measure- skewed. Cloudiness and wind direction 

ments. Hourly wind speed m New Eng- often show bimodal distributions. 

land appears to conform to the Pearson 

Type III distribution.* Distributions of 

daily and hourly precipitation are highly 13.2 edctrembs 

♦ P. C. Putnam, Power from the Wind Many clinmtic elements are re 

(New York: D. Van Nostrand Company, stncted within very definite limits. 

Inc., 1948). Percentage of sunshine, cloudiness, and 



















































TABLE 7.4 PBOBABILITY THAT AN BVBNT OF GIVEN RETUBN PERIOD WILL 
OGCtm WITHIN A SPEaFIED NUMBER OF TEARS 


Period (years) 
Return period (years) 

1 

10 

1 

1.0 

1.0 

5 

0.2 

0.89 

50 

0.02 

0.18 

100 

0.01 

0.10 


humidity can vary only between zero 
and 100 per cent. Wind speed and pre¬ 
cipitation are limited by zero at the 
lower end of their range, but for practi¬ 
cal purposes can be assumed to have no 
physical upper limit. Temperature can 
vary between absolute zero and the boil¬ 
ing point, but actual temperatures are 
within such a limited portion of this 
range that temperature may be con¬ 
sidered an unlimited variate. 

For factors that can. be considered as 
unlimited, the most satisfactory treat¬ 
ment of extreme values seems to be in 
the theory of extreme values.* The 
theory applies to a series made up from 
the extreme values of a group of series 
such as annual temperature maxima, 
annual precipitation maxima, and so 
forth. Analysis of extreme values of the 
annual total or average of a weather 
element is probably accomplished as well 
by the use of the normal frequency curve 
as by any other method. The annual 
averages of the limited factors such as 
percentage of sunshine vary so little that 
they can be considered unlimited vari¬ 
ables in most cases (Fig. 7.21k). 

Actually, there is no theory that can 
provide a reliable estimate of the return 
period for the maximum value of a 
series. If the true return period of an 
event is T years, the probability that it 
will occur in any year is 1/T. From the 
principles of probability, the probabiiity 

♦R. A. Fisher and L. S. C. Tippett, 
“Limiting Forms of the Frequ^cy Distri¬ 
bution of the Latg;est or Smallest Member 
of a Sample,” Proceedings of the Cam¬ 
bridge Philosophical Society, Vol. 24,1928, 
180>190; and E. J. Gumbel, “On the Fre¬ 
quency Distribution of Extreme Values in 
Meteorological Data,” Bulletin of the 
American Meteorological Society, Vol. 23, 
May 1942, 95-105. 


60 

100 

BOO 

1.0 

1.0 

1.0 

0.99999 

0.64 

0.87 

10.90996 

0.40 

0.74 

0.993 


that an event that equals or exceeds the 
T-year event will occur in any series of 
n years is 1 — (1 — P)* where P = 1/7*. 
Table 7.4, which is computed from this 
expression, shows the probability that 
events of various return periods will be 
observed in a given interval of years. The 
table indicates, for example, that there 
is one chance in ten that the highest 
event in a ten-year period actually has 
a true return period of 100 years. How¬ 
ever, there remains a slight probability 
(seven chances in 1,000) that the largest 
event in 500 years* is only the 100-year 
event. The use of a theoretical distribu¬ 
tion as an aid in extrapolating frequency 
curves permits the inclusion of the lesser 
events whose return periods are better 
established, and reduces the likelihood 
that the extremes will be given excessive 
weight in the extrapolation. 


14. STATEMENT OF THE CLIMA¬ 
TOLOGICAL PROBLEM 

The first step in the solution of a 
climatological problem is the rigor¬ 
ous statement of the conditions of the 
problem. Such a statement must come 
from a person who is intimately familiar 
with the application. Otherwise, an er¬ 
roneous solution may develop. Aircraft 
spraying of insecticides is b^t accom¬ 
plished under conditions of minimum air 
turbulence so that the dust will settle 
rapidly in the desired area. Although 
spraying of fungicides might seem to 
offer a similar problem, it is actually 
necessary to have a slight amount of 
turbulence in order that the fungicide 
will reach the bottom as well as the 
top of the plants. 

In stating his problem, the industrial 
user of weather data must be prepared to 
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TABLE 7.5 QVBSTIONKAIBE FOR FLANKING CLIMATOLOGICAL ANALYSIS* 

1. Where will the operation take place? 

a. At specified point or points? 

b. Anywhere within an area limited by geographical, topographic, or economic factors? 

c. Can a favorable location be selected? 

2. When upll the operation occur? 

a. Is the operation to be continuous? 

b. Will operations be limited to a specific clock hour, season, month, etc.? 

c. Can a favorable operation time be selected? 

3. What efficiency is required? 

a. Is operation required under all possible conditions? 

b. Is a calculated risk of inoperativeness acceptable? 

(1) Will the limitations on operation be on an areal, time, or economic basis? 

4. What weather factors are involved? 

a. Specifically how does each factor or combination of factors affect the proposed 
operation? 

* Adapted from W. C. Jacob* and W. C. Spreen, Sonu CUmatolotteal Prablettu Auoeiattd with the Aeeiffn- 
meni of Snginetring Deevp^ Cntena (Cfaieaso: American Meteorological Soeietjr, September 11, 1BS2). 


answer a questionnaire essentially like 
that shown in Table 7.5. The answers to 
this questionnaire defiqe the area of 
interest, the controlling weather param¬ 
eters and their tolerable limits, the 
operational efficiency required, and the 
time of the operations. Although some 
of this information is unimportant in 
specific cases, in general each item of 
information plays an important role in 
securing the correct solution. The design 
of searchlight cooling equipment would 
ordinarily be based on nighttime temper¬ 
atures only, unless it is specified that 
the light may be used during the day. 
If an operational efficiency of 100 per 
cent is required, the climatologist 
searches for the probable upper limit of 
the controlling parameters. If an alter¬ 
nate location is permissible, a high effi¬ 
ciency may be obtained by planning 
operations at one site when the con¬ 
ditions are unfavorable in another loca¬ 
tion. 

The exact answer to Item 4, Table 7.5, 
may be difficult to state because the 
effect of the weather factors is imper¬ 
fectly imderstood. Deteiioration of ma¬ 
terials is a function of several weather 
factors, but until the nature of this 
function is determined experimentally, 
it is difficult for the climatologist to be 
helpful. An empirical equation for de¬ 
terioration has been suggested* as fol¬ 
lows: 


A = oa:' -j- 

b (1.054)‘(1 -I- c/)(l -h 0.067ta) 

where A is the deterioration rate, t is 
the temperature of the deteriorating 
surface, / is relative humidity, I is the 
concentration of effective impurities in 
the air, and a, b, c, x, and K are experi¬ 
mental constants. Such an equation de¬ 
fines precisely the weather factors of the 
problem. Although an equation of this 
type is not essential, simple least-squares 
correlation or analysis of variance may 
be helpful in selecting the important 
weather parameters. 


15. SITE TESTING 

It is fortunate when a climatologi¬ 
cal problem develops for a point 
where a climatological station exists. But 
in most cases the problem involves a 
point at which no data have been col¬ 
lected. Transposition of record from a 
nearby station or interpolation between 
existing stations may prove satisfactory, 
but in many cases the accuracy of the 


* C. E. P. Brooks, “Climate and the De¬ 
terioration of Material,” Quarterly Journal 
of the Royal Meteorological Society, Vol. 
72, 1246, S7-92. 
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analysis is materially improved by the 
collection of data at the actual «te. If 
three or more years of record are col¬ 
lected, the techniques described in Arts. 
8.4 and 9.5 will be helpful, but even a 
short period of record interpreted by a 
meteorologist in the light of the physical 
setting can be very useful. Very little 
research has been conducted to deter¬ 
mine the length of record required to 
make the reduction of a short record to 
a long record possible. Putnam* found 
that for analysis of hourly wind data in 
connection with wind-power studies a 

* Power from the Wind. 
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1. TERMINOLOGY 

Most of the terms employed in 
discussing factory planning and 
materials handling will be defined at the ’ 
most appropriate point throughout this 
section. A few terms are used so fre¬ 
quently, however, that it is appropriate 
to define them at this point. 

Factory: Any place in which the fac¬ 
tors of production, land, labor, capital, 
and enterprise, are brought together for 
the creation of goods or services. The 
term plant is used synonymously with 
factory throughout this section. 

Factory Planning: The formulation of 
a complete plan for the creation of goods 


or services. The term embraces the de¬ 
termination of the location, production 
processes, equipment, physical arrange¬ 
ment, provisions for personnel, offices, 
and all functions that are necessary to 
the completion of the goods. It implies 
that a careful study has been made of 
the several alternatives at each phase of 
the process and that the course has been 
adopted that has the greatest likelihood 

* Some of the material in this section is 
reproduced from William Grant Ireson, 
Factory Planning and Plant Layout (New 
York: Prentice-Hall, Inc., 1952). A sub¬ 
stantial part of this section has been re¬ 
written by the author from the same 
source. 
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of providing the requijred service most or services can be produced, the greater 


economically, cbnsideriiig the long run. 

Plant Layout: The analysis and pro¬ 
posal for the phymcal arrangement of 
the physical facilities after the decision 
on the site, production processes, and 
equipment h^ been made. This is a 
more restricted term than factory plan¬ 
ning. It is not limited to the process of 
determining the arrangement of a given 
ntunber of machines within a department 
by means of templates or models, as is 
often erroneously believed. 

Continuous Industry: An industry in 
which it is impossible to stop the pro¬ 
duction process on short notice without 
suffering considerable loss in partially 
processed materials, in damage to equip¬ 
ment, or in labor and materials required 
to clean out and recondition production 
equipment. This classification is useful 
in factory planning because the continu¬ 
ous industry's problems of factory plan¬ 
ning are very different from those of 
the interruptible industry. 

Interruptible Industry: An industry 
in which the production process may be 
stopped on short notice without suffering 
any losses except those caused by idle¬ 
ness on the part of the workers and the 
equipment. Many factories of the inter¬ 
ruptible type do operate on a twenty- 
four hour basis, seven days a week. Con¬ 
tinuous industries have to work on this 
basis and take great precautions against 
breakdowns that might cause a rapid 
shut-down of the processes. A great 
many plants have both continuous and 
interruptible processes or divisions. 


2. INTRODUCTION TO FACTOBT 
PLANNING 

2.1 THE WHOLE PROBLEM 

A factory is a complex imit that 
directly and indirectly affects the 
lives and well-being of many persons. 
Its existence is justified by the fact that 
the goods or services produced satisfy 
needs or desires for which money, or 
some other medium of exchange, is sacri¬ 
ficed. The more economically the goods 


the number of persons who may mjoy 
the benefits of the products. The op¬ 
portunity to satisfy these needs and 
desires atji profit provides the incentive 
for the raitrepreneur to risk his time, 
effort, and capital in the development 
of a factory. 

The selection and arrangement of the 
physical facilities that constitute the 
factory, and the provisions for the com¬ 
fort, safety, and efficiency of the persons 
who work in it are extremely important 
to its economical operation. Every ele¬ 
mentary activity tlmt occurs in the pro¬ 
duction of goods or services takes place 
in reference to physical items; materials, 
machines, desks, conveyors, light, heat, 
tools, workmen, foremen, time clocks, 
washrooms, and on and on, ad infinitiun. 
It is obvious, then, that each of these 
items constitutes^a source of variation 
in the over-all plan. It may be assumed 
that there is an optimum selection and 
arrangement of these items for most 
economical production. The objective of 
factory planning is to find, as nearly as 
possible, this optimum combination of 
all the variables. 

In reality, the problem of factory 
planning consists of many separate and 
semi-independent problems. This fact 
greatly simplifies what otherwise would 
be an almost insoluble problem, for each 
separate problem can be identified and 
the factors that affect it can be deter¬ 
mined. By making use of all possible 
methods of analysis and synthesis, the 
one best solution for the given condi¬ 
tions can be determined with reasonable 
facility. Interdependence among the sep¬ 
arate problems can be considered, and 
the solutions of the separate problems 
can be tempered to obtain the over-all 
optimum solution for the entire factory. 

Items that are variable in one prob¬ 
lem may be fixed in another. It is im¬ 
portant, then, to recognize and separate 
the variable factors from the fix^ fac¬ 
tors in each instance, so that the degrees 
of variation of variable factors will be 
considered only within the limits per¬ 
mitted by the feed factors. For instance, 
planning the production facilities for a 
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new product within an existing building 
and with existing tools and equipment 
involves considerably fewer variable fac¬ 
tors than planning for the same product 
in a new building (yet unbuilt) with new 
equipment (not yet selected). In the 
existing building, the permissible floor 
load, column spacing, placement of stairs, 
elevators, and walls, and ceiling or work¬ 
ing heights establish the physical limits 
within which the production facilities 
must be planned. Existing machines, 
tools, equipment, and designs flx the 
output capacities, space requirements, 
sequence of operations, and many other 
factors. The result, is that the factory 
planner has fewer variables with which 
to work and less freedom in which to 
vary the remaining factors than he would 
have if no building or equipment existed. 

The development of a systematic pro¬ 
cedure for the collection and analysis of 
data and the formulation of the best 
possible plan is the objective of this 
section. Briefly, the procedure is; 

1. Collect all factual data regarding 
the products, volumes, markets, facili¬ 
ties, financial resources, forecasts of 
future developments, labor supply, man¬ 
agement policies, comp>etition, and so on. 

2. Separate the fixed factors from the 
variable factors and establish quantita¬ 
tive values, wherever possible, for each 
factor. 

3. Working from the fixed factors, 
establish the practicable limits of vari¬ 
ation for each variable factor and deter¬ 
mine the results of allowing the variable 
factors to assume the different possible 
values. 

4. Analyze the combined effects of se¬ 
lecting the value for each factor which 
will maximize the productivity and/or 
minimize costs. 

5. Choose the combination that pro¬ 
vides the optimum solution to the prob¬ 
lem. 

2.2 MANAGBMUaiT’s INTEREBT IN FAC¬ 
TORY PLANNING 

In most businesses, competition for 
the available market constantly 
forces the management of each concern 


to seek competitive advantages through 
such methods as; 

1. Product improvement or new prod¬ 
ucts. 

2. Lower costs and lower selling prices 
for the same or better quality. 

3. Better service to customers. 

The selection and arrangement of 
physical facilities (the factory plan) can 
assist in achieving these advantages and 
the re-layout of facilities can frequently 
lead to relatively large annual savings. 
Some of the ways in which the factory 
plan can effect economies in operation 
are; 

1. Lower labor costs, both direct and 
indirect. 

2. Reduction in work stoppages and 
down times; fewer interruptions of pro¬ 
duction. 

3. Reduction in the cycle time re¬ 
quired for production. 

4. Reductions in the inventories of 
work-in-process, raw materials, and sup¬ 
plies. 

5. Greater production capacity with¬ 

out additional equipment, space, or em¬ 
ployees. ' 

6. Simplification of production and 
material controls. 

7. Increased flexibility in the output, 
in terms of both the volume and the 
variety of products or services, 

8. Lower materials-handling costs. 

9. Lower plant-maintenance and en¬ 
gineering costs. 

10. Lower storage costs. 

11. Provision for later expansion or 
contraction at a minimum cost and min¬ 
imum interruption of production. 

12. Greater ease in effecting changes 
in layout. 

13. Better morale and lower turnover 
among employees. 

14. Reductions in employment and 
training costs. 

15. Faster service to customers. 

16. Fewer problems that require man¬ 
agerial attention as a result of better 
production facilities and better employee 
relations. 

The opportunities for these economies 
are not always evident to top manage¬ 
ment. It becomes the duty of the lower 
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levels of managmieiit, which are closer 
to the problems, to be alert to the possi¬ 
bilities, Article 2.6 gives a list of con¬ 
ditions that indicate the need for 
embarking on a factory-planning analy¬ 
sis. 


2.3 THE OBGANIZATION FOB FACTOBY 

PLANNING 

The factory-planning function is 

essentially a staff function, but 
current practice does not provide any 
real precedent for its inclusion in the 
organization chart as a separate func¬ 
tional group. Large and small industrial 
concerns vary considerably in their treat¬ 
ment of the planning function. Some 
assign it to the plant engineering group, 
some to the methods department, others 
to the production planning department, 
and still others to a separate department 
that may be in charge of factory plan¬ 
ning, plant layout, materials handling, 
and other functions. In some concerns, 
the factory-planning group is a planning 
group only, leaving the execution of the 
plan to other divisions, such as plant 
engineering; in other concerns, the plan¬ 
ning group is responsible for both the 
planning and the execution of the plan, 
for the installation of equipment, and for 
the establishment of production proce¬ 
dures and standards. Each organization 
must determine which plan of organiza¬ 
tion is best suited to the personalities 
involved, the abilities of the persons 
available, the availability of information 
to certain groups and not to others, and 
the existing division of functions. 

Regardless of the place of the factory¬ 
planning group in the organizational 
chart, the group must have access to 
information on the volume of output of 
the several products, proposed changes 
in methods of production; product de¬ 
signs; sales promotion programs; avail¬ 
ability of labor; labor rates; cost data 
on the past performance of materials 
handling, labor, and machines; and 
availability of funds. Since this infor¬ 
mation must come from a large niunber 
of different sources, it seems logical that 


IM 

a separate department, armed with 
authority to request the information, 
should be established to carry out the 
planning function. The very fact that 
such diverse kinds of information must 
be used in arriving at an economical 
plan for the plant indicates that a 
separate department should be respon¬ 
sible for handling it. 

Another reason for having a separate 
department is that the planning group 
should be free from the influence that 
might be exerted by its parent division. 

There is ample evidence that the 
planning function should be set up as 
a staff function possessing the authority 
to obtain necessary information from 
all departments, and that it should be 
responsible for making complete plans, 
including performance schedules, to bd 
executed by the other departments. Such 
an organization does not relieve the plan¬ 
ning department of the necessity for 
maintaining a cooperative and congenial 
working relationship with the other de¬ 
partments. It should consult with all 
inter^ted groups and departments while 
it prepares plans and schedules of execu¬ 
tion, so that the best interests of the 
company will be recognized and main¬ 
tained. 

In the smaller companies, where valid 
reasons exist for combining functions, 
certain plant activities might be com¬ 
bined into one department called the 
“Production Engineering Department.” 
Such a department might be charged 
with the following functions: 

Plant engineering 
Production planning and control 
Methods engineering 
Production and wage standards 
Plant engineering 

The interrelationships among these 
functions are so great and important 
that there should be no conflict of in¬ 
terests; they are so closely related that 
the people in this one department can 
easily be shifted back and forth among 
the various activities to compensate for 
variations in the amount of work being 
bandied by each. 

In continuous industries, the plan for 
a new plant is usually completed in great 
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Retail before construction b^ins. Once 
in operation, the continuous pUuit is 
usually not subject to further planning 
for several years. Large indust^ con> 
cems, which more or less continuously 
expand by building new plants or addi¬ 
tions, usually maintain a staff of 
specialists in that particular type of 
industry. These specialists constantly 
search for new and better ways of pro¬ 
ducing the product and are r^ponsible 
for planning the new plants, additions, 
and revisions. A smaller concern usually 
relies upon consultants and architects 
to design and plan its facilities, since it 
does not have a uniform and continuous 
need for the service (see Art. 2.7). 


< 2.4 COST ANALYSIS OF FAC3TORY PLAN¬ 
NING AND LAYOUT 
« 

The final criterion for the effec¬ 
tiveness of the factory plan is the 
cost of the finished product, ready for 
sale. Every factor, fixed or variable, af¬ 
fects the final costs of producing the prod¬ 
uct, but it cannot be assumed that the 
degree of each variable factor that renders 
the lowest unit cost for that particular 
element of cost is necessarily the degree 
that should be chosen. The interrelation 
of cost items is such that frequently the 
selection of the most economical alterna¬ 
tive for one factor will automatically 
preclude the selection of the most eco¬ 
nomical alternative for another factor. 
In other words, the most economical al¬ 
ternatives of two or more factors (when 
considered individually) may not be 
compatible when considered together rel¬ 
ative to a particular problem. This is 
the reason that it is necessary, if the 
optimum plan is to be made, to have 
complete information regarding the costs 
of each degree or alternative for each 
factor in the problem. This information, 
and the knowledge of which alternatives 
will work together, make it possible to 
select the optimmn combination. 

2.4.1 Variables approach. All factory 
planning is done for the future. The 
basis for most factory planning is the 
estimates of future production demands 


for the products, and the estimates of 
future costs of labor, materials, ma¬ 
chines, tools, and so on. Actual events 
are not likely to occur just as expected 
or estimated, however. Thus, it becomes 
increasingly important, as the uncer¬ 
tainty of the estimates increases, to 
consider probable variation from the 
estimates and to compute the effects of 
this probable variation on the final costs 
or on the costs of each element. The 
easiest way to handle this probable vari¬ 
ation is to estimate probable maximum 
and minimum values for each factor. 
Then each cost item can be computed 
on the basis of both the maximum and 
minimum values as well as on the ex¬ 
pected value. Analysis of the factor rela¬ 
tive to changes in economic level, wage 
rates, public taxation, competition, mili¬ 
tary situations, employment, and pop¬ 
ulation growth will indicate how the 
factor will react with each change. Thai, 
assuming that certain changes may oc¬ 
cur, either upward or downward, the 
effects on each cost factor can be esti¬ 
mated and the appropriate maximum 
or minimum value can be used in cdcu- 
lating the final total cost. 

It is important to note that a given 
change from the expected in the future 
will cause some variables to be maxi¬ 
mized and some to be minimized. The 
estimate of the total final costs, then, 
will not be made up of either the total 
of all the maximum cost estimates or the 
total of all the minimum cost estimates. 
Instead, it will be a mixture. The differ¬ 
ence between the probable maximum 
cost and the probable minimum cost is 
not likely to be as great as the variation 
of individual factors indicates, for there 
are many compensating factors. Figure 
8.1 is a simple illustration of the use of 
this concept. 

All estimates of future expenses and 
incomes will be in error to some extent. 
The error cannot be predicted exactly, 
but it is reasonable to assume that fu¬ 
ture changes will similarly affect all esti¬ 
mates of the future, provided the same 
bases are used in making the original 
estimates. For example, the doUars-and- 
cents estimates of labor costs in the fu- 
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FIG. 8.1 ILLUSTRATION OF CONCTPT OF PLANNING 
BY MINIMUM, EXPECTED, AND MAXIMUM 
VALUES. 


tore for the several alternatives may be developed as a succession of small and 

greatly in error, but the percentage dif- relatively independent problems. In such 

ference in labor costs for the alternatives cases, it is usual to find that a fairly 

will not be seriously in error. This con- limited number of practicable alternative 

cept makes possible a reliable selection solutions exists. The selection of one of 

from the available alternatives. the alternative solutions can be made 

2.4.2 Engineering economy approach, by making a direct comparison of the 

Many of the problems of factory plan- alternatives by one of the engineering 

ning are direct applications of the prin- economy methods: rate of return on in- 

ciples of engineering economy. Since an vestment, equivalent annual cost, pres- 

overwhelming portion of factory plan- ent worth, break-even point, capitalized 

ning is the replanning of existing facili- cost, or time required for the alternative 

ties and involves only one segment of a to pay for itself. Section 3, Arts. 2-7, 

larger plant, the whole plan may be describes these methods completely. 
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The engineering economy methods are 
directly applicable to the following types 
of problems: 

1. The selection of plant sites. 

2. The detennination of the types of 
buildings and the nmnber of floors in 
each. 

3. The selection of machinery and pro¬ 
duction equipment. 

4. The selection of materials-handling 
systems and equipment. 

5. The arrangement of the producing 
departments within the buildings. 

6. The provision of factory services 
(immediate capacity and distribution of 
steam, gas, air, power, etc.). 

7. The determination of the economic 
lot sizes to be produced. 


2.5 PLANNING FOR THE FUTURE 

D 

Each factory-planning problem 
must be considered from two view¬ 
points: immediate needs and future 
needs. The less stabilized the industry 
is, the more important it becomes to 
plan for future eventualities. Such fac¬ 
tors as public acceptance of the product, 
rate of development of competing lines, 
financial conditions, amount of current 
research and development on the prod¬ 
uct, age of the industry, and research 
and development of production methods 
largely determine the length of time over 
which the present arrangement can be 
expected to remain unchanged and eco¬ 
nomical. If this expected time is short, 
there is a great incentive to plan the 
factory so that future changes can be 
made quickly and economically to ac- • 
commodate changing conditions. This 
condition is described as the flexibility 
of the plant. Most of the non-continuous 
industries must anticipate constantly 
changing conditions and must build this 
flexibility into the factory plan. 

Flexibility is accomplished by provid¬ 
ing in the original plans the following 
conditions: 

1. Wide column spacing to permit 
freer arrangement of equipment. 


2. High floor load capacities and 
structural strength. 

3. Adequately high ceilings or clear¬ 
ances for handling equipment, dust-col¬ 
lection equipment, air ducts, and the 
like. 

4. A network of exposed or conven¬ 
iently enclosed service lines with fre¬ 
quent tap-offs: steam, gas, compressed 
air, electricity, water, etc. 

6. Substantially larger capacity in 
service supply lines than immediately 
needed. 

6. Standardized materials-handling 
systems that can be adapted readily to 
changes in size, weight, and nature of 
products. 

7. Provisions for expansion of pro¬ 
duction facilities and/or buildings with¬ 
out interrupting existing layouts. Loca¬ 
tion of trunk lines so that additions will 
not require their relocation. 

8. A long-range plan for growth by 
addition of buildings in the original plot 
plan. 

9. Movable walls or partitions. 

10. Adequate personnel facilities, stra- 
legically located. , 

11. Extra land for expansion. 


2.6 CONSIDERATIONS THAT INDICATE 

NEED FOR FACTORY PLANNING 

It usually is the responsibility of 

foremen, supervisors, and lower 
management personnel to bring to the 
attention of top managdnent the need 
for embarking on a factory-planning 
project in existing plants. These persons 
are closer to the actual production prob¬ 
lems and should be the first to realize 
that improvements can be made. Even 
the workmen see opportunities for im¬ 
provement and should be encouraged to 
point out places or ways whereby the 
productivity of the plant can be in¬ 
creased. Frequent surveys by responsi¬ 
ble persons can locate impending trouble 
before it occurs. The occurrence of any 
of the following conditions indicates that 
the factory plan should be studied for 
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the purpose of improving productivity 
it lower costs: 

1. Changes in the product: new styl¬ 
ing, new models. 

2. Additicm of new products and de¬ 
letion of old ones. 

3. Changes in the location or con¬ 
centration of markets. 

4. Changes in the volume of demand. 

5. Worker complaints regarding 
working conditions (noise, light, temper¬ 
ature, etc.) (see Section 12, Art. 9). 

6. Worker complaints on availability 
of materials, tools, instructions, etc. 

7. Sudden increase in absenteeism 
(see Section 12, Art. 3). 

8. Frequent accidents (see Section 
11, Art. 1). 

9. High labor turnover (see Section 
4, Art. 5). 

10. Large amount of, or increase in, 
idle machine time. 

11. Frequent failure to meet promised 
delivery dates or production schedules 
(see Section 6). 

12. Foremen’s requests for additional 
equipment or workers. 

13. Foremen’s complaints about delays 
in supplies from other departments. 

14. High or rapidly increasing mainte¬ 
nance on equipment and buildings (obso¬ 
lescent facilities) (see Section 3, Art. 13). 

15. High percentage of rejected prod¬ 
uct by inspectors or customers (see Sec¬ 
tion 14, Art. 6). 

16. Increasing difficulty in finding 
suitable employees. 

17. Congestion in plant, lack of stor¬ 
age space, shortage of trucks, skids, etc. 

18. Higher in-process inventory than 
usual. 

The existence of any one of these con¬ 
ditions means that some opportunity for 
improvemoit exists, and there is a rea¬ 
sonable likelihood that factory planning 
is involved. An investigation should be 
initiated and the problem should then be 
turned over to the group or groups in¬ 
volved for a complete investigatioq and 
recommendations. Every group that is 
directly affected or that directly con¬ 
tributes to the condition should be con¬ 
sulted and invited to participate in the 
investigation. 


2.7 THE of FACTCffiY PLAN- 

NINQ 

As was indicated in the previous 

article, a factory-planning study 
should be initiated whenever a condition 
exists that offers opportunities for im¬ 
provement of productivity, improved 
morale, or lower production costs. How¬ 
ever, the effectiveness of such a plan, if 
used exclusively, would be largely acci¬ 
dental. The factory-planning program 
should be more systematically organized 
in order to be most effective. The func¬ 
tions of factory planning should be 
definitely provided for in the organiza¬ 
tion chart, even if they constitute only 
part of the duties and responsibilities of 
one person. 

There are three basic methods of tim¬ 
ing factory-planning activities; (1) ac¬ 
cidental (descri|;>ed in Art. 2.6), (2) 
periodic, and (3) continuous or continu¬ 
ing. 

2.7.1 Accidental programs. An “acci¬ 
dental” program usually results when 
someone close to the problem suggests 
that a problem exists. This method is 
haphazard and seldom can be relied upon 
to produce the desired results through¬ 
out the entire organization. Workers and 
foremen alike frequently hesitate to criti¬ 
cize existing conditions for fear of job 
security. What is everyone’s responsibil¬ 
ity is no one’s responsibility, and condi¬ 
tions have to become acute before action 
is taken. 

2.7.2 Periodic programs. The “peri¬ 
odic” method is most frequently em¬ 
ployed by continuous industries or by 
industrial concerns that habitually 
change models periodically. In the con¬ 
tinuous industry, simple changes in proc¬ 
ess arrangement are seldom possible. 
Great care must be exerted during the 
design stage and prior to construction 
to see that the plant embodies the most 
advanced thinking and knowledge so 
that it will have the greatest possibility 
of running economically for a long period 
of time. On the other hand, recent de¬ 
velopments must be investigated peri- 
odWiy to find out if some new idea or 
equipment can be incorporated in the 
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j^nt and justified through prospective 
savings. 

Industrial concerns that change modds 
periodically customarily follow a definite 
schedule in replanning Uie factory for 
the new product. As each part or design 
is frozen, the factory-plaiming engineers 
proceed to determine methods, tooling, 
materials, and so on, in conjunction with 
the appropriate engineering groups. 
They then determine the arrangement 
that will work best and prepare instruc¬ 
tions for the plant engineering group, 
millwrights, electricians, and plumbers, 
so that everything is in readiness for a 
rapid change-over to the new plan when 
production on the existing model is 
halted. 

2.7.3 Continuing programs. The “con¬ 
tinuing” method is employed by firms 
that employ a separate factory-planning 
group, and that do not systematically 
change models. A typical concern is one 
that manufactures several different lines 
of products along with a certain amount 
of custom or jobbing work. This method 
calls for a central group charged with 
the responsibility of constantly seeking 
ways to improve the plant arrangements. 
It provides for specialization of labor, a 
clearing house for all ideas and sugges¬ 
tions, a formalized procedure for the 
accumulation of data, the development 
of special skills, and, what is most impor¬ 
tant, a planned program of plant im¬ 
provement. This last item means that no 
one segment of the plant will be over¬ 
looked and that the effort will be ex¬ 
pended where it has the best possibility 
of securing the greatest results. 


3. PLANT LOCATION 

The problem of plant location 
exists whenever a plant expansion 
is contemplated. Presumably, there are 
always two or more alternatives open to 
the industrial concern. The first is not 
to expand, the second is to expand at 
the present location, and the successive 
alternatives are to expand at different 
locations. The nature of the alternative 
locations and the attractiims and disad¬ 


vantages of each are the determining 
factors in the final decisiGn. The best 
location is one that will enable the com¬ 
pany to produce and distribute its prod¬ 
uct with the greatest profit. It is com¬ 
monly said that the b^t location is the 
one that permits the concern to produce 
and distribute its product (some as¬ 
sumed and fixed quantity) at the lowest 
over-all cost. This is not necessarily true, 
because the location of the plant rela¬ 
tive to markets will, in many instances, 
directly affect the volume of the product 
that can be sold. The greater volume at 
one location, even though it may result 
in a slightly higher unit cost, may still 
render a greater profit. 

The three elements of cost for location 
analysis are (1) cost of obtaining suit¬ 
able raw materials and supplies, (2) cost 
of conversion or production of the prod¬ 
uct ready for sale and (3) cost of dis¬ 
tributing the product to the dealer or 
consumer. Each of these cost elements 
will be affected by the location of the 
plant relative to the sources of raw ma¬ 
terials and supplies, labor and equipment 
markets, and markets for the finished 
product. In the following discussion of 
determining factors, each element will be 
present but wiU not be discussed at 
length. A little thought on the matter 
will reveal how each factor affects these 
cost elements. 

The problem of plant location consists 
of two major divisions: (1) the selection 
of the geographic region and (2) the spe¬ 
cific site selection within the region. 


*3.1 REGIONAL SITE SELECTION 

The factors and their effects on the 
total costs vary with the regions 
of the nation. Table 8.1 provides a check 
list of factors and examples of cost items 
that may be adversely affected by the 
region. 

The information necessary to make a 
reliable estimate of the general costs for 
a given region is readily available. Com¬ 
parative labor costs by cities and refpons 
are available from the U. S. Department 
of Labor and other agenda. 
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Factor 

For each alternative region, check the effects of; 

Raw Material Supply 

Length of haul from source to region. 

Freight rates on the commodity, both raw and finished. 

Ratios of weights and volumes of finished products to weights 
and volumes of raw materials. 

Labor supply and attractions or accommodations to induce mi¬ 
gration of labor to source. 

Availability of water, fuel, power, etc., at source. 

Different sources of raw materials. (They may be widely sepa¬ 
rated.) 

Availability of adequate transportation facilities. 

Labor Supply in Region 

Adequacy of supply of desired type for an additional plant. 
Competition for the existing supply. 

Suitability of existing supply, by former work or training, for 
the intended type of work. 

Union organization and strength. 

Race relations. 

Dependability of the type of labor available, and aptitude for 
factory work, training, and upgrading. 

Marketing 

Market area to be served by the plant. 

Concentration of market and stability of demand. 

Extra warehousing and inventories required as a result of plant 
location. 

Freight rates to principal market areas. 

Transportation facilities available to market areas. 

Travel expense for salesmen and service personnel. 

Risks of delays and damage to goods in shipment (customer 
relations). 

Competition for the market and relative location of competitors’ 
plants. 

Factory Services 

Adequacy of supply of power, water, fuel, etc., for present and 
prospective plant size. 

Availability of external plant services: sewage disposal system, 
repair and replacement parts, fire protection, public trans¬ 
portation for personnel, etc. 

Available supply of trained management personnel. 

Attractions of region (cultural, climatic, etc.) for professional 
management personnel. 

Qimatic Conditions 

Cost of construction to withstand forces of nature: earthquakes, 
winds, snow, etc. 

Heating or air-conditioning costs for either personnel comfort 
or process control. 

Probability of absenteeism caused by weather. 

Probability of work stoppages or interruption of supply of raw 
mactdrials by weather. 

Necessity for premium wages because of weather conditions. 

Cost of maintenance, deterioration of products or raw materials, 
and rapid depreciation resulting from climatic conditions. 













TABLE 8,1 (Continued) 


Factor 

For each alternative region, check the effects of: 

Laws and Codes 

Laws limiting scope of work permitted. 

“Fair Employment Practices Acts.” 

Extra costs for unemployment insurance, workman's compensa¬ 
tion, retirement insurance, and similar benefits. 

Waste disposal, smoke abatement, and nuisance regulations. 

Local tax laws on real property, corporate income, money on 
deposit, etc. 

State, county, or city building codes, and safety and health 
regulations. 

Rulings of such bodies as the Interstate Commerce Commission, 
which may penalize certain types of industries in certain 
regions. 


Factory Management and Maintenance 
frequently publishes surveys of wage 
rates. Freight rates by classes of com¬ 
modities can be obtained by regions from 
almost any railroad, and most railroads 
maintain special departments for the pur¬ 
pose of supplying infofmation on many 
different cost items to prospective cus¬ 
tomers. Local building contractors and 
contractor associations can provide infor¬ 
mation about construction costs, and pub¬ 
lished information is available from many 
trade journals. State and local chambers 
of commerce will provide data on state 
and local laws, ordinances, codes, and reg¬ 
ulations. Most states and communities 
realize the advantages of broadening the 
tax base by inducing industrial expansion. 
City councils, chambers of commerce, 
railroads, and merchants are anxious 
to supply information, make contribu¬ 
tions to desirable industries, and make 
tax concessions in order to attract com¬ 
panies. But herein lies a danger. Some¬ 
times these immediate advantages ap¬ 
pear to be more important than they 
really are in the long-run economy of 
the company, and the chosen site may 
ultimately prove to be a poor choice. 

The industrial plant that is seeking a 
site today has much greater freedom 
than it has had in the past. Some of this 
freedom has come about as the result 
of technological advances, changes in 
worker attitudes, and labor legislation. 
Specifically, some of the developments 
that have increased the freedom of loca¬ 
tion are: 


1. Improvements in transportation 
facilities and speed of service. 

2. Reduction in wage differentials be¬ 
tween regions. 

3. Mobility of workers and manage¬ 
ment. 

4. Increased leisure time for workers, 
which places more importance on recrea¬ 
tional facilities, cultural advantages, etc. 

5. Improvements in construction 
methods and designs for plant buildings, 
which make them less expensive to build. 

6. Trend toward one-floor plans that 
require large land areas and freedom for 
expansion. 

7. Availability of automobiles for al¬ 
most all workers, making large parking 
facilities a necessity for most plants and 
making more plant sites convenient to 
labor supply. 

8. Improvements in processing and 
machine designs that reduce the relative 
number of employees required for a 
given output. 

9. Equalization of freight rates be¬ 
tween regions. 

10. Availability of economical air-con¬ 
ditioning equipment to counteract ad¬ 
verse climatic conditions for employees 
and processes. 

11. Expansion of markets for almost 
all goods and services so that more plants 
are needed to meet the demands. 

No plant site should be chosen without 
a careful investigation and economy 
study of all the factors involved. It is 
almost imiiossible for any plant manage¬ 
ment to select the most economical plant 
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site by gueea. What appear to be rela- 
tivdy small di£fer«u:es in costs betweoi 
regions frequently turn out to be highly 
significant in the total cost. 


3.2 SITE SELECTION WITHIN 
THE REGION 

After the region for the industrial 
plant has been chosen, there re¬ 
mains the matter of selecting the specific 
site for the plant. There usually are as 
many alternative sites within the region 
as there are alternative regions, and the 
problem is frequently just as complicated 
and difficult to solve. Many of the same 
factors that are considered in the choice 
of a region are again considered relative 
to specific sites, but there are also other 
factors. 

3.2.1 City, suburban, or country. A 
city site is one within the corporate lim¬ 
its of a city, and associated with the site 
are such conditions as heavily concen¬ 
trated population, high land values, com¬ 
plete regulation of activities, and limited 
space. The suburban site is one outside 
the corporate limits of a city (usually a 
reasonably large city), and may be 
within the corporate limits of a smaller 
town or village. The country site is one 
that is usually some distance from an 
established center of population. The 
choice among thrae is usually based upon 
an economy study of the effects of: 

1. Land cost. 

2. AvaUability of and cost of labor. 

3. Availability and cost of suitable 
transportation facilities to the site for 
raw materials, finished product, and per¬ 
sonnel. 

4. Local ordinances, building codes, 
and restrictions. 

5. Available power, fuel, water, and 
sewage disposal. 

fi. Union activities and strength in 
the area. 

7. Climatic conditions. 

8. Sise of plant, immediately and in 
the future. 

9. Local property taxes. 

10. Nature of processes and hazards or 
nuisances produced. 


t».a 

Some of the conditions that tend to 
dictate the choice of a country location 
are: 

1. A need for a large amount of land 
for eventual development. 

2. A need to use processes that are 
normally considered objectionable within 
populated areas. 

3. A need for large volumes of rela¬ 
tively pure water, which can be obtained 
from streams, wells, or springs. 

4. A need for a favorable property tax. 

5. A need for protection against sabo¬ 
tage or the observation of processes or 
output. 

Suburban sites are chosen for such rea¬ 
sons as: 

1. A need for reasonably large land 
areas not obtainable in the city, yet close 
to transportation and a large population 
center. 

2. A desire to be frw from the more 
strict building codes and restrictions nor¬ 
mally found in cities. 

3. A need for a large number of female 
employees, generally available in subur¬ 
ban areas because of a lack of other 
employment opportunities. 

4. A desire to escape high taxes. 

5. A desire to escape from highly 
unionized areas. 

6. A desire to locate nearer markets, 
transportation facilities, or employees’ 
homes. 

The city location is frequently chosen 
for plants that require: 

1. A large portion of employees to be 
highly skilled. 

2. Rapid transportation or quick con¬ 
tact with customers or suppliers. 

3. Relatively small total space, which 
can be contained in multi-story build¬ 
ings. 

4. A large variety of materials and 
supplies, but each in relatively small 
quantities. 

5. Public utilities, city water, dectric- 
ity, gas, sewage disposal, police and fire 
protection, etc., at reasonable rates. (The 
company may not be in a financial posi¬ 
tion to provide these facilities for its 
plant.) 

6. 'The means of getting into produc¬ 
tion with the least possible investment 
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in land, buildings, etc. These facilities 
can more frequently be rented in a city. 

Few industrial concerns are fortunate 
enough to find a naturally ideal plant 
site. The objective of site selection 
studies is to find a site that can be de¬ 
veloped and from which the operations 
can be conducted at the lowest over-all 
costs in the long run. The investment in 
the development of a site can be amor¬ 
tized over a period of years along with 
the plant buildings. A site that requires 
a greater initial expenditure for develop¬ 
ment may prove to be more economical 
in the long run, because of consistent an¬ 
nual savings in other cost items, than 
what at first appears to be a more suit¬ 
able site. An engineering economy study 
is a “must" for site selection, {^e Sec¬ 
tion 3 for a complete discussion of these 
methods.) 


‘3.3 SITB PLANNING 

The utilization of the site and the 

plan by which the ultimate fac¬ 
tory will be arranged on the available 
land will have an important effect on 
the long-run economy .of the plant. For a 
new plant, the tentative plans for the 
physical facilities, including immediate 
and prospective floor area, number and 
types of buildings, eventual employment, 
flow of materials, and auxiliary facilities, 
will have been prepared for use in the 
site selection. (See Art. 5.1 on the se¬ 
quence of events in planning a factory.) 
The selected site conditions will in turn 
usually necessitate certain adjustments 
in the general plans. The site will first 
be described by a map showing the loca- * 
tion of the site relative to highways, rail¬ 
way lines, rail sidings, power, gas, water, 
and sewer lines, towns, and public trans¬ 
portation facilities, and any existing 
structures. A topographical map will be 
prepared to show the contours and ele¬ 
vations of all segments of the land area 
relative to the same items. Drawings will 
be made of all existing structures, show¬ 
ing building details, floors, floor loads, 
columns, piping, power circuits, walls, 
doors, windows, and so forth. Climato¬ 


logical data, wind velocities and direc¬ 
tions, temperatures, rain and snow fall, 
humidity, sunshine and cloudiness, and 
probability of extranes of each factor 
by months or seasons, will be obtained. 
(See Section 7, Art. 6, 6, J4, and 15, for 
accepted practices and sources of infor¬ 
mation for these data.) 

With this accumulation of information, 
the planning group is ready to study the 
site with particular reference to the gen¬ 
eral plan for the factory. The group will 
attempt to place the several buildings on 
the site in such a way that full advantage 
can be taken of the site characteristics 
and existing conditions. Some of the 
things that the planners will attempt to 
do are: 

1. Locate buildings that are to be 
served by rail lines near existing, or ex¬ 
tensions of existing, rail sidings. 

2. Locate areas to be served by high¬ 
way trucks near existing lughways or 
streets. 

3. Locate employee parking facilities 
near existing streets and convenient to 
work areas. Several parking areas may 
be required. 

4. Arrange buildings, relative to each 
other, so that full advantage can be 
taken of the prevailing winds for ventila¬ 
tion or removal of unpleasant smoke or 
fumes, of sunlight for lighting and heat¬ 
ing buildings (in winter), and of build¬ 
ings to protect much-used outside traffic 
lanes from wind and rain. 

5. Arrange building so that additions 
for expansion can be made later with¬ 
out disrupting production, and so that 
roads, rail, power, water, sewer, and 
steam lines will not have to be relocated. 

6. Avoid unnecessary scattering of 
buildings that will increase materiala- 
handling and other service costs. 

7. Take advantage of any natural 
slopes of the terrain to accomplish drain¬ 
age, waste and sewage disposal, and ma¬ 
terials- handling. 

8. Locate sources of dirt, fiunra, and 
obnoxious products to the leeward side 
of the site. (Site should have been chosen 
so that such products will not be blown 
over populate areas. Not to do so in¬ 
vites regulation and corrective acticm.) 



SM MPKMY nAliHlfl«» AIII»‘MA1«ltAU HANDtiNO 


9. Locate office buddings near main 
street to facilitate viidtors’ entrance and 
exit, and plant protection. 

10. Isolate especially hazardous proc¬ 
esses and reduce the danger that fire will 
spread from building to building. 

11. Make use of sound, existing struc¬ 
tures, if their use will not increase other 
operating costs by an amount that will 
equal the amortization of the most eco¬ 
nomical substitute structure. 

12. Plan for attractive appearance of 
plant, landscaping, lighting, etc., so that 
public and employee relations will be 
good. 

It can be seen that the actual site 
serves to limit, and at the same time may 
assist, the planning group in arriving at 
the optimum factory plan. Advantages 
that were not expected when the general 
plan was drawn up may appear, and, 
also, adverse conditions may be present 
that were not expected. In any event, 
once the site has been selected, the plan¬ 
ning engineers have a much greater 
amount of data that can be used directly 
in making the numerous decisions re¬ 
quired. These data permit a more accu¬ 
rate evaluation of the effects or costs of 
each of the different alternatives. De¬ 
cisions can be made with a greater con¬ 
fidence that they represent the “one best 
way.” 

3.4 ONE PLANT OE SEVE31AL? 

In the discussion of the selection of 

both the region and specific plant 
site (Arts. 3-3.2), many factors were enu¬ 
merated that must be considered in the 
selection. It was assumed that only one 
plant was to be located. Many growing 
industrial concerns are faced with the 
problem of deciding between a number 
of small plants and one large one. Where 
raw materials are more or less univer¬ 
sally available, where no special skills are 
required, and where the market is repre¬ 
sented by the general population, several 
plants, instead of one, usually repre¬ 
sent the most economical solution. Each 
plant, however, must be designed for 
and operated st or near the optimum 


output. The cost of duplicating facilities 
which may not be used to capacity is 
one of the limitations that must be con¬ 
sidered in the solution. 

Soap, paper, gray cast iron, automo¬ 
biles (assembly), synthetic fibres, mill- 
work, furniture, plastics, fertilizer, and 
clothing are some products that have 
been decentralized with some success by 
individual companies. 

4. FACTORY BUILDINGS 

By far the greater amount of fac¬ 
tory planning is in connection with 
the re-layout of existing buildings, but 
each year a large number of new build¬ 
ings is added to the total industrial struc¬ 
ture of the country. Each re-layout prob¬ 
lem presents a challenge to the planning 
engineers to dev^e an efficient produc¬ 
tion arrangement within certain limita¬ 
tions, but the design of new buildings is 
an equally important challenge. Eaeh 
new building is designed to house a par¬ 
ticular production process, but it in turn 
becomes an “existing” building hence¬ 
forth, and the care and thought that go 
into its design determine the relative ease 
of its re-layout w’hen that time comes. 

4.1 MODERN CONCEPTS OF BUILDING 

DESIGN 

Probably more factory buildings 

were designed and constructed 
during the decade of 1941 through 1950 
than in any other decade in history. The 
tremendous construction programs for 
both war production and civilian prod¬ 
ucts provided many opportunities for 
architects and engineers to try new ideas 
and to accumulate results. A great 
amount of knowledge was gained about 
how to design factory buildings. It is 
impossible to review even a small por¬ 
tion of these trials and results in this 
volume, but a few generalities can be 
drawn from the experience to assist fac¬ 
tory planners. A knowledge of these gen¬ 
eral principles will enable the factory- 
planning group to be of more specific 
assistance to the architects and struc- 
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turai engineers when faced with the 
problem of designing a new building. The 
following paragraphs briefly report these 
principles. 

One of the most significant develop¬ 
ments came through the realization that 
the building’s principal function is to 
provide protection for machines, equip¬ 
ment, personnel, materials, products, or 
company secrets. Thus, if the equipment 
need not be protected, it need not be 
housed. Refinery and chemical plant 
equipment has long been erected with¬ 
out housing; a building is provided only 
for the protection of operating personnel, 
records, instruments, and the like. If the 
climate is mild the year round, and if 
the equipment or products cannot be 
affected by rain or sun, then proper 
fences and the usual plant-protection 
police force may provide all the protec¬ 
tion that is needed fc/r the production 
process. The building may be needed 
only for offices, packaging, inspection, 
and similar functions. One plant in Texas 
has been constructed without exterior 
walls. Not only did the plan reduce con¬ 
struction costs (and capital tied up in 
fixed assets), but the relatively steady 
winds help to prevent the accumulation 
of explosive dust in the building (see Art. 
3 . 3 ). 

It has been shown that in most regions, 
where sufficient land is available at rea¬ 
sonable prices, a one-floor plant is more 
economical than a multi-story plant. 
Naturally, certain types of processes re¬ 
quire a multi-story arrangement, but, 
where there is a choice, the old idea that 
gravity materials handling would justify 
additional floors has been largely dis¬ 
proved. It is true that a sphere incloses 
the maximum volume per square foot 
of exterior surface, but it is not true that 
the cost of a square foot of wall, floor, or 
roof is the same in a cubical building 
as in a one-story building providing the 
same floor space. The relati ve ease of 
constructing single-story plante, the 
raplHTty of cpng^ct^, the unlimited 
f^oor load capaciti^, tEe~" elimination 
or stairways^nd eleva tors , ^e grea ter 
fl§i abni^~6r'laydut _ (verticalTy" or hori¬ 
zontally), and the ability to expand or. 


contract operations are some of the ad¬ 
vantages of the single-floor plant that 
tend to make it more economical. 

The construction for short-term war 
production taught that industrial plants 
designed for one product can be eco¬ 
nomically converted to the production 
of very dissimilar products provided the 
original plant was planned for flexibility. 
Aircraft plants have been converted to 
automobile and engine plants. Small 
arms ammunition plants have been con¬ 
verted to electronic products, chemical 
operations, plastic fabrication, and many 
diverse types of jiroduction. These con¬ 
versions were usually made through the 
complete removal of existing machines 
and equipment and the addition of new 
equipment, and the re-layout has not 
always been ideal because of limitations 
imposed by the original construction. On 
the other hand, it has been learned that 
no plant (except some continuous-type 
factories) can be expected to remain as 
planned and originally arranged for long 
periods of time. Changes in products, 
design, demand, and the like, are inevita¬ 
ble, and efficient production will demand 
that rearrangements be made. (^Thus, a 
basic concept has_j3een deyelopedTj^at 
plants Tor interruptible types of indus¬ 
try should be planned for great flexiffil- 
ity and ease of coiTversion or re-Tayout.') 
(See Art 23 for* means of increasing 
flexibility.) 

Techniques and construction practices 
are iconstantly changing and new mate¬ 
rials of construction are constantly being 
employed. Speed of construction is im¬ 
portant for several reasons (money tied 
up during construction period, inunedi- 
ate need for floor space, necessity to beat 
or meet competition, and so on), and 
where certain materials increase the 
speed of construction without increasing 
costs, there is a big incentive to use these 
materials. When costs of labor, freight, 
and lost time are considered, many of 
these materials are actually less expen¬ 
sive than conventional methods. Unfor¬ 
tunately, many of these newer materials 
and construction methods are not per¬ 
mitted under the building codes in some 
cities. 
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FIG. 8.2 VIEW OF THE L1N(X)LN ELECTRIC C 
PANY’s new plant at EUCLID, OHIO, 
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Some of these methods aud materials 
are: 

1. Use of precast walls, floors, and 
roofs. (Cast horizontally at one point 
and erected or “tilted up” at another.) 

2. Use of pre-stressed concrete. 

3. Use of light-weight aggregate. 

4. Prefabricated buildings or sections 
of buildings. 

5. Aluminum for structural members, 
wall covering, prefabricated panels, etc. 

6. Insulated wall panels, with insulat¬ 
ing core covered by metal or concrete. 

7. Nonmetallic insulating boards or 
tile for built-up roofs. 

•p. Special treatments for concrete or 
d floors to preserve and reduce wear. 

Names and addresses of companies 


supplying such materials can be found in 
various trade journals. 

Building plans once corresponded to 
the shapes of such letters as 1, L, H, £, 
and C, but most of the recent, one-floor 
plants have been simple rectangles or 
squares. Use of natural light and natural 
ventilation was the principal reason for 
the odd shapes, but the advent of low- 
cost power, efficient light sources and 
fixtures, and forced ventilation has 
largely overcome any advantages the 
older plans may have had. Greater floor 
space inclosed per foot of wall, greater 
flexibility in layout, and greater ease of 
materials handling are some of the other 
advantages of the large, simple plans. 

Figure 8.2 shows the standard types of 


PIG. 8.3 MOST INDUSTRIAL PLANT BUILDINGS ARE 
MADE UP OF COMBINATIONS OF THESE STAND.ARD 
• TYPES. 



From Ircaon, Factory Plamaag and Plant LayofUt, p. 247. 
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factory butldings in ^common use. Al¬ 
though certain of these types have been 
popular for different industries, it is com¬ 
mon to find two or more of these sections 
used in a single large building, depending 
upon the processes to be housed in the 
different divisions. It is necessary to con¬ 
sider the process, equipment, materjals- 
handling systems, product, climate, and 
construction and maintenance costs in 
order to arrive at the best type for a 
given application. 


4.2 BUILDINGS FOR CONTINUOUS 

INDUSTRIES 

A second major concept of building 

design is that the production fa¬ 
cilities should be completely planned, the 
ideal layout arranged, auxiliary facilities 
arranged relative to production facilities, 
and the building then designed around 
the complete plan. This procedure re¬ 
sults in a very specialized building that 
usually will not be inherently flexible. 
This type of building design is usually 
employed only where there is an expec¬ 
tation that the original plan will remain 
unchanged for a long time. This concept 
IS most often used by the continuous in¬ 
dustries or to bouse certain highly spe¬ 
cialized processes in what would other¬ 
wise be an interruptible industry. 

Continuous industries plan for almost 
perfectly balanced production facilities, 
so that every division or department 
of the plant will have about the same 
capacity. The nature of the continuous 
industries is such that it is normally dif¬ 
ficult to make changes after the plant is 
put into operation. The management 
goes to great lengths to assure that the 
equipment chosen, the layout, and the de¬ 
sign of production facilities are the 
best currently available, so that the 
plant can enjoy a long period of opera¬ 
tion without the danger that obsoles¬ 
cence will reduce the profit potential in 
a few years. The associated expenses of 
making alterations, adding new equip¬ 
ment, and changing processes make it 
difficult for a new piece of equipment 
to justify its installation on economic 


grounds. Thus a continuous industry ex¬ 
pects its business to go on for many 
years, which really means that its build¬ 
ing is unlikely ever to be used for any 
other purpose. 

A long-established and financially 
sound company whose product is highly 
stabilized from the design viewpoint may 
'choose this concept in order to obtain 
maximum efficiency and minimum costs. 
Thus, a large automobile manufacturer 
may build a highly specialized engine 
plant because there is little likelihood of 
radical changes in the design of auto 
engines for a long time. Minor changes 
can be easily accommodated in the 
cialized plant, and annual saving^W 
operating expenses resulting therefrom 
may be sufficient to pay for the plant 
and earn a good return in a relatively 
short time. 


4.3 EFFECTS OF EXISTING BUILDINGS 

ON LAYOUT 

Whenever the production facilities 

are to be arranged within an exist¬ 
ing building, some of the freedom of 
arrangement is lost. Each building fea¬ 
ture becomes a fixed factor, or else the 
feature must be changed. Some of the 
variables in the general, factory-planning 
problem become constants and the sys¬ 
tematic approach to the problem is 
altered accordingly. 

The building design should be the last 
step in the procedure of factory planning 
when a new building is contemplated. 
This is true because it is only after other 
factors have been analyzed that the total 
floor space needed can be estimated and 
the conditions determined that will es¬ 
tablish the features to be incorporated 
in the building. When an existing build¬ 
ing must be used for the production fa¬ 
cilities, the approach is altered so that 
the effects of the building on each differ¬ 
ent alternative can be consiHeiwt «• 
separate decision is made. The effect is 
usually to eliminate certain alternatives 
and to impose limitations on others, so 
that the decision may be greatly simpli¬ 
fied. However, it may necessarily be lim- 
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ited to the selection of the best of several 
lOidesirable alternative arrangements. 

When an existing building is to be 
used, the planning group should obtain 
as soon as possible complete information 
on the building and building conditions. 
This information should include: 

1. Up-to-date blueprints of each floor, 
showing columns, walls (fire, load-bear¬ 
ing, temporary), windows, doors, stairs, 
elevators, and other physical features. 

2. Accurate layout drawings of factory 
service piping and wiring, including sizes, 
capacity, and condition. 

3. Layout drawings, showing the loca- 
tiqn of existing equipment and machines, 
virether this equipment will be u.sed in 
new layout or not. Note size, vertical 
height, and sub-floor depth of each 
machine. 

4. Plot plans of surrounding area, spe¬ 
cifically showing any otljer buildings that 
may be used in connecljon with the one 
in question, driveways, rail sidings, con¬ 
tours of land, and elevation of this build¬ 
ing relative to each of these items. 

5. Blueprints showing the elevation 
views of each different section of the 
building, ceiling or truss clearances, floor 
levels, ducts, piping, wiring. 

6. An engineering inspection report, 
giving: 

a. Estimated safe floor loads. 

b. Estimated costs of rehabilitation 
needed. 

c. Estimated costs of proposed or pos¬ 
sible changes. 

d. Estimated costs of strengthening or 
reinforcing to give some minimum safe 
floor load. 

Each of the preceding items limits the 
re-layout of the facilities and the altera¬ 
tions that might make the building more 
usable for the intended purposes. The 
planning engineers study these limita¬ 
tions and then establish the possible al¬ 
ternative arrangements, considering such 
factors as the space required for each 
department compared to that available, 
weights of machines and materials com¬ 
pared to safe floor loads, sequence of 
operations, materials-handling facilities 
and costs, and special conditions or haz¬ 
ards associated with the several depart- 
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ments. Each of the possible alternative 
arrangements will be analyzed and com¬ 
pared by engineering economy methods. 

5 . THE LAYOUT OF PRODUCTION 
EQUIPMENT 

• 5.1 PROCEDURE FOB PL.\NT LAYOUT 

Plant layout is just one limited 

phase of factory planning (see Art. 
1). The layout of a factory generally 
consists of a number of separate prob¬ 
lems of arrangement of facilities, and 
each problem is small enough to be man¬ 
ageable. This statement is not obviously 
true, especially if the plant involved hap¬ 
pens to be a large and complex one. 
However, the procedures described in the 
following articles are designed to assist 
in the breakdown of a complex problem 
into a number of smaller problems that 
can be handled with relative ease. The 
more complex the product becomes, the 
more important it is to follow a system¬ 
atic method to simplify the problem. 

The procedure should first guide the 
planner’s actions so that the probability 
of his arriving at an optimum arrange¬ 
ment is maximized, and, second, it should 
provide him with a basis for judging the 
relative merits of any one proposed lay¬ 
out versus others. In other words, the 
planner needs a road map to guide him 
to the best solution and a sign to tell him 
when he has arrived at the proper ar¬ 
rangement. At present, there are a num¬ 
ber of general principles that help the 
planner find the best way, but little has 
been accomplished yet in developing a 
usable, foolproof mathematical model. 
The matter of criteria for judging the 
relative value of different proposals is 
being investigated in many places,* but 
at this time the best measure is the 

♦John R. Hoffman, An Evaluation of 
Quantitative Techniques in Plant Layout, 
a paper presented before A.S.M.E., Loa 
Angeles, June 1953; Logistics Research 
Project, University of California, Los An¬ 
geles. Sponsored by the Office of Naval 
Research; R. B. Petit, A Further Extension 
and Evaluation of Criteria of Physical 
Plant Utilization, MB. Thesis, Purdue Uni¬ 
versity, June 1961. 
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prospective unit cost resulting from each 
proposed layout. 

Tlie following artides describe the pro¬ 
cedure employed in the re-layout of ex¬ 
isting facilities for the manufacture of a 
given product. It is assumed that the 
product, or a similar product, has been 
manufactured previously, and that the 
facilities must be arranged in an existing 
building. This is the most common lay¬ 
out problem, but special procedures to 
use when the product is entirely new, 
when new machines or equipment are to 
be used, and/or when a new building is 
to be used are given later. These proce¬ 


dures follow, in goieral, the pattern es¬ 
tablished in Art. 2.1. 

5.1.1 Collect all factual data: 

1. Obtain or prepare an up-to-date 
print or drawing of the existing layout 
of the facilities to be rearranged. 

2. Secure an accurate description 
(print and mgineers’ report) of the 
building and building features (see Art. 
4.3). 

3. Collect complete information on the 
product design and present manufactur¬ 
ing methods. This should include: 

a. List of parts and drawings for each 
part (see Fig. 8.4). 
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FIG. 8.5 MASTER FLOW PROCESS CHART FOR A BRASS 
VALVE. 


b. A flow process chart for each part 
by present method of manufacture. 

c. A master flow process chart for 
each part and the assembly of the final 
product (see Fig. 8.5). 

d. Obtain standard instruction sheet 
for each operation, showing tooling, ma¬ 
chine, jigs, fixtures, etc., and the stand¬ 
ard production time for the operation. 

4. From the sales department, obtain 
the results of the market survey and 
sales forecast for the product. Tabulate 
the prospective quantities by periods or 
years for the prospective life of the new 
layout. If the product is subject to sea¬ 
sonal fluctuation, prepare a chart show¬ 
ing the probable fluctuations by months. 

5. Determine the budgetary limita¬ 
tions within which the new layout must 
be made, such as; 

a. Amount of money that is available 
for the project. 

b. Criteria by which investment of 
funds in re-layout, new equipment, tools, 
or materials-handling facilities must be 
justified (see Section 3, Art. 16). 


c. Managerial policies that will affect 
the freedom of choice in making the re- 
layout. May production be stopped or 
must it be maintained during the 
change? May re-layout extend beyond 
immediate problem if that will simplify 
the re-layout problem? Is management 
wholeheartedly behind the factor>'-plan- 
ning group, or will each proposal have 
to be “sold” against active resistance? 

6. Make a survey of existing mate¬ 
rials-handling facilities that affect this 
problem. This survey should be designed 
to determine the nature and effectiveness 
of the present facilities (see Art. 7.4). It 
should include: 

a. Inventory of equipment, with an 
evaluation of its current condition and 
prospective life. 

b. Current materials-handling costs 
(not only the actual operating costs, but 
also those resulting from interruptions in 
production caused by the system, dam¬ 
age to materials and parts, and cost of 
supervision and coordination). 

c. Adaptability of existing facilities to 


5«7 






fACTOHY rUNNINO AND MATCRIAtS HANDIMO 


work with other handling equipment and 
layouts. 

7. Secure a report on the labor supply 
available for present and future opera¬ 
tions of this division. The report should 
provide information on the scarcity of 
unskilled, semi-skilled and skilled labor, 
male or female, and going rates. 

These factual data are generally avail¬ 
able from (he methods and standards, 
production planning and control, person¬ 
nel, and sal^ or marketing departments, 
and the factory management. Every ef¬ 
fort should be made to obtain as com¬ 
plete and accurate information as possi¬ 
ble, because lack of information or errors 
in data can cause the planning group to 
spend a great amount of time and effort 
on propo.sals or solutions that are im¬ 
practicable or completely imjiossible. 

5.1.2 Separate fixed and variable fac¬ 
tors and attach quantities or numerical 
values wherever possible. 

1. Analyze each item of information 
collected in the first stage (Art. 5.1.1) 
and determine whether or not it can or 
will be changed, or whether it is a factor 
that will vary with business activity, eco¬ 
nomic conditions, promotional programs, 
and the like. For example, if present 
machines must be used (po.ssibly because 
no capital is available even if new ma¬ 
chines might be more economical), the 
freedom to devise new and better opera¬ 
tions and operation sequences is limited 
by the capabilities of the existing ma¬ 
chines. On the other hand, the cost of 
different materials or different grades 
of labor -may be variables that depend 
upon a number of factors, and it is nec¬ 
essary for the planning group to con¬ 
sider the probable variations in each in 
order to arrive at the combination of ma¬ 
terials, operations, and kind of labor that 
will give the optimum plan. 

2. Prepare a list of <ixed factors. These 
fixed factors are conditions that must be 
satisfied if they are not to impose certain 
physical limitations on the proposed 
plans. 

3. Prepare a list of variable factors 
and establish probable limits of variation 
for each. This step emphasizes the fact 
that many of the data are estimates of 
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future activity and should not be treated 
as absolute quantities. The maximum ca¬ 
pacity of output may be the basis for 
computing the number of machines and 
for balancing producing units, but the 
effects of operating at an output below 
this maximum must be considered in 
making the final layout and production 
plan. 

5.1.3 Investigate all possible improve¬ 
ments that can be incorporated in the 
new plan. This is a study of manufactur¬ 
ing methods made in cooperation with 
other departments. It should cover such 
items as: 

1. Machines and equipment: Are 
there other types of machines that can 
be used more economically for the opera¬ 
tions ? 

2. Tools, jigs, fixtures: Will better ac¬ 
cessories enable the operations to be per¬ 
formed more rapidly, more accurately, 
with less skilled labor, or to be combined 
w'ith others? (See Section 10.) 

3. Standard practices: Can the work 
place be improved, better procedures be 
devised, operations or movements be 
eliminated, simplified, or combined, and 
operation sequences be changed? (See 
Section 6.) 

4. Materials handling: Can better use 
be made of existing matenals-handling 
equipment, better equipment be em¬ 
ployed, movements be eliminated or 
shortened, transport and transfer be 
combined, or semi-automatic or auto¬ 
matic equipment be substituted? (See 
Art. 7.) 

5. Materials: Can other materials be 
substituted for present materials in order 
to reduce material, labor, or processing 
costs while maintaining or improving the 
product quality? 

6. Personnel: How can personnel fa¬ 
cilities be improved to reduce fatigue, 
improve morale, or improve efficiency? 
(See Section 12, Arts. 4 and 5.) 

This phase of the investigation is most 
important, for it provides the planning 
group with definite ideas for considera¬ 
tion in arranging the new layout. The 
plaiming engineer should discuss each 
phase of the manufacture wdth the indi¬ 
vidual workmen, foremen, methods engi- 
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neers, designers, inspectors, and pur¬ 
chasers or buyers in order to uncover 
every possible difficulty that has been 
encountered in the past. At the same 
time, the engineer should seek sugges¬ 
tions from these persons and make care¬ 
ful notes of the suggestions and sources. 
He should also be so familiar with the 
several parts that he can anticipate dif¬ 
ficulties and use direct questions to as¬ 
certain the facts regarding these ideas. 
It is a cardinal principle that the opti¬ 
mum alternative cannot be selected 
unless every possible alternative is rec¬ 
ognized and investigated. 

The planning engineer must also recog¬ 
nize that he is dependent upon the other 
departments in the plant for information 
and suggestions. Thus it pays him to 
cooperate fully with other departments 
in order to induce these departments to 
do as much of this inv^tigation as pos¬ 
sible. It is, however, his responsibility 
to talk with and stimulate the thinking 
of the members of the cooperating de¬ 
partments. 

5.1.4 Determine the auxiliary depart¬ 
ments or services that must be provided 
for this manufacturing setup. Certain 
auxiliary departments and services may 
be needed in the immediate vicinity of 
the manufacturing area, and provisions 
should be made for them in the initial 
planning of floor-space utilization. Serv¬ 
ices that do not require floor space or 
special treatment, or departments that 
do not require physical proximity to 
the manufacturing facilities, need not be 
considered at this stage. Some of the 
items that may be necessary are: 

1. Tool room, tool maintenance or die 
shop. 

2. Foremen’s offices, clerical offices, 
etc. (see Art. 6). 

3. Inspection rooms, gage storage, and 
maintenance (see Section 14, Art. 9.9). 

4. Materials-handling facilities, such 
as conveyors, aisle widths to accommo¬ 
date trucks or tractors, crane ways, etc. 
(see Arts. 5.5.4 and 7). 

5. Personnel facilities (see Art. 5.5.6). 

6. Storage facilities for raw materials, 
supplies, work-in-process, and finished 
parts (Art. 5.5.5). 


5.1.5 Make basic decisions and estab¬ 
lish feasible alternative methods of ar¬ 
ranging the factory. The total number of 
different ways of arranging the produc¬ 
tion and service facilities is very large, 
approaching the permutation of the 
number of factors, machines, parts, and 
other contributing conditions. At this 
time it is not practicable to attempt to 
solve such a large set of conditions for 
the optimum by either intuition or math¬ 
ematical models (see Section 15). In 
order to reduce the problem to a size 
that can be handled by the human mind, 
it is necessary to eliminate whole sets of 
alternatives by analysis of past experi¬ 
ence, records, and so forth in relation to 
the present problem. Both inductive and 
deductive reasoning are employed to 
arrive at the conclusion that certain 
combinations are not worthy of future 
consideration, that certain factors or 
conditions naturally complement each 
other, and that the best possible solution 
must lie among a very limited number 
of combinations. This is a matter of 
analysis of facts and estimates, rather 
than the practice of an art. The reduc¬ 
tion of the number of combinations 
makes it possible for the human mind 
to encompass the essentials and arrive 
at a reasonable solution. The following 
basic decisions help to accomplish this 
reduction and enable the planner to 
progress step by step toward the opti¬ 
mum solution: 

1. What method of departmentaliza¬ 
tion will be used—product, process, or a 
combination for the several parts? (See 
Art. 5.3.) 

2. How should the several depart¬ 
ments be arranged within the building 
space, considering building characteris¬ 
tics, nature of processes, space require¬ 
ments, etc.? (See Art. 5.4.) 

3. What materials-handling facilities 
are most suitable and economical con¬ 
sidering the nature of the parts, mate¬ 
rials and products, type of movement 
required, processing methods, distance 
involved, etc.? (See Art. 7.) 

4. What method of determining the 
arrangement of machines and equipment 
within the departments will be most sat- 
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isfactory frcnn the viewpoint of time 
required to reach a solution, cost of mak¬ 
ing the layout, cost of the tools em¬ 
ployed, and value of the tools in the 
future? (Sketching or drafting, two- 
dimensional templates, or three-dimen¬ 
sional models.) (See Art. 5.5.) 

These basic decisions must be treated 
as tentative, for as the details are worked 
out it may become necessary to change 
the decisions partially or totally. Such a 
development is inconvenient, but should 
not be looked upon as a failure of the 
procedure. The decisions were made on 
the basis of their probability of being 
best, but they can be proved only by 
actual computation of their results. 

. 5.1.6 Prepare and test the several 
alternative arrangements, choose the 
best, and prepare the report to manage¬ 
ment. 

1. Block out the estimated department 
boundaries on the building floor plan. 

2. Using one of the layout methods, 
arrange the machines wnthin the depart¬ 
ment'boundaries, making adjustments as 
ncessary. 

3. Analyze each arrangement to de¬ 
termine comparativ'e costs of production, 
materials handling, supervision. 

4. Have best plan reviewed by inter¬ 
ested persons (workmen, foremen, and 
representatives of methods, production- 
control, personnel, materials-handling, 
and design departments). Obtain criti¬ 
cisms and revise plan if necessary. 

5. Prepare schedule for the installa¬ 
tion. 

6. Prepare final plan for manage¬ 
ment's approval. 

5.1.7 Prepare complete instructions 
for the re-layout and supervise the in¬ 
stallation. 

5.1.8 Collect data on the operation, 
and locate and correct any faults that 
may have been incorporated. It is usual, 
especially in highly mechanized produc¬ 
tion, to find a number of “bugs” in a 
new layout, and the planning group is 
not relieved of responsibility until the 
plan is functioning satisfactorily. 

5.2 The layout of new facilities. Lay¬ 
out deals with three basic factors: prod¬ 
uct, building, and equipment. Each of 
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these factors may be “new” or “old” 
(existing), which means that there are 
eight combinations: 



Produd 

Building 

EquipmerU 

1 

Old 

Old 

Old 

2 

New 

Old 

Old 

3 

Old 

Old 

New 

4 

New 

Old 

New 

5 

Old 

New 

Old 

6 

New 

New 

Old 

7 

Old 

New 

New 

8 

New 

New 

New 


The procedures for handling combina¬ 
tions number 1 and 2 were given in 
Art. 5.1. Variations in the procedure to 
accommodate the other combinations 
follow. 

5.2.1 New equipment. Combinations 
3, 4, 7, and 8 involve new machines and 
manufacturing equipment. Some exist¬ 
ing equipment may be available, but a 
substantial amount of new equipment is 
to be obtained, 'i’his fact introduces new 
variables, since there are usually several 
different kinds, models, or types of ma¬ 
chines that will perform a certain opera¬ 
tion. This choice of new equipment can 
be made only after complete information 
about each type has been accumulated, 
and after the equivalent cost of using 
that machine has been computed. 

Simultaneously, the fact that new 
equipment is to be obtained removes 
some of the limitations on tooling, meth¬ 
ods improvement, sequence of opera¬ 
tions, and capacity of output. The exist¬ 
ing flow process charts become guides 
or check lists, rather than fixed routes. 
There will be more uncertainty about 
the output and operation problems of 
the new equipment than about existing 
equipment. The procedure will be altered 
to include investigations of the proposed 
equipment by going to other companies 
that are using similar equipment. The 
fact that different types of equipment 
will perform different combinations of 
operations requires that all the alterna¬ 
tive combinations of providing the re¬ 
quired operations be studied. Over-all 
economy is the objective and all the 
equipment for the production of a single 
part or series of parts must be considered 
as a unit. 
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5.2.2 New buildings. Combinations 5, 
6, 7, and 8 involve new buildings. For 
this purpose, it is assumed that a new 
building is one that is to be built and 
does not now exist. This condition re¬ 
moves the limitations of an existing 
building and provides greater freedom 
for the layout. Its principal effect on the 
layout procedure is that the building 
need not be considered until after the 
equipment has been selected, the depart¬ 
mental arrangements determined, the 
materials-handling system selected, and 
the equipment layout made. In other 
words, whether the building is to be a 
general-purpose or a special-purpose 
building, its design need not be frozen 
until after the important building fea¬ 
tures have been determined from a study 
of the production problems. Thus, it can 
be assumed during the planning stage 
that a suitable building'can be designed 
to accommodate the optimum layout. 

5.2.3 New product. Combinations 2, 
4, 6, and 8 involve new products rather 
than existing products. The degree of 
“newne®” will determine the necessary 
changes in the procedure described in 
Art. 5.1. If the product is just a 
redesigned product with essentially the 
same parts and without drastic changes 
in the materials, shapes, or sizes, there 
will be very little change in the proce¬ 
dure. On the other hand, if it is an 
entirely new product, not similar to any¬ 
thing previously manufactured, there is 
little prior information available. The 
planning group, in conjunction with the 
methods, production control, and design 
departments, will have to prepare new 
operation sheets, flow process charts, 
tooling designs, methods, time standards, 
and so forth. The mere foreign this prod¬ 
uct is to previously manufactured prod¬ 
ucts, the greater is the probability of 
errors in the estimates and of “bugs” or 
faults in the final arrangements. 

5.3 METHODS OF DEPARTMENTALIZA¬ 
TION 

5.3.1 Departmentalization princi¬ 
ple. The general principle of 
departmentalization of production facili¬ 


ties states: “That method of depart¬ 
mentalization is best which provides for 
the production of the required quantity 
and quality of a product at the desired 
time and at the lowest over-all cost of 
production in the'long run’'* There are 
three recognized methods of organizing 
the production facilities of a factory by 
departments: 

Product or line. 

Process or functional. 

Combination of the two. 

Each of these methods of departmen¬ 
talization has certain advantages and 
disadvantages. The decision on which 
method to use in a given situation de¬ 
pends upon the conditions that must 
be met. Figure 8.6 summarizes the ad¬ 
vantages of product and process lay¬ 
out and lists the usual conditions that 
indicate the use of each. 

No one method should be adopted 
without examining the possibility of 
using the other methods for some depart¬ 
ments or products. Two or three methods 
are commonly used within a single build¬ 
ing of a multi-building plant. Many 
companies employ the combination 
method for the layout of fabrication and 
processing, line method for assembly 
and for some particular parts, and 
process layout for painting or finishing 
and packaging for shipment. The object 
is, of course, to minimize the cost of 
production in each phase of production 
by adopting the optimum method. 

5.3.2 Line or product layout. In the 
line layout, all the equipment required 
for one part or product Is grouped to¬ 
gether in one department in the sequence 
of the operations performed, so that the 
part is completed there and does not 
have to be moved from department to 
department for processing. The line is 
“balanced,” in that the output capacity 
of each different type of equipment (or 
process) is the same or as nearly so as 
practicable. 

Ordinarily, only one product is 
processed by one line department. How- 

0 

* W. Grant Ireson, Factory Planning and 
Plant Layout (New York: Prentice-Hall, 
Inc., 1952), p. 48. 
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PRODUCT VS. PROCESS LAYOUT 
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From Iroson, Factory Planning and Plant Layout, p. M. 
Adapted from "Adopt the Beat in Plant Layout," by 
Carroll W. Boyoe, a special report in Fartory Managt- 
vttnt and Maintenance, September, 1949, and reproduced 
by permiosion of the author. 

FIG. 8.6 PRODUCT VERSUS PROCESS LAYOUT. 
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ever, it is frequently possible to change 
the tooling on the machines and thereby 
use the same sequence of machines for 
the production of some similar part. Al¬ 
though it is quite common to use the 
same production line for manufacturing 
the same part in a series of sizes, entirely 
different parts, which happen to require 
the same or almost the same sequence 
of machine tools, may be produced on 
the line. This situation may make it 
possible to devise an efficient line lay¬ 
out for two or more products neither of 
which individually would justify the line. 

A line layout is not usually a straight 
line. In fact, a straight line usually 
indicates inefficient use of floor space 
and greater intra-departmental handling 
costs. The ideal line is one in which the 
product of one machine automatically 
feeds into the next, and so on. Transfer 
machines, carrousel arrangements, auto¬ 
matic cleaning, dipping, spraying, and 
drying of paint by conveyorized move¬ 
ment of parts, and many other autom¬ 
atized production lines have been de¬ 
vised. If each machine must be attended 
by workmen, it is desirable to arrange 
the machines in such a way that each 
operator can conveniently pick up the 
part from the place where it was de¬ 
posited by the previous operator. Con¬ 
veyor belts, chutes, slides, and trays on 
short lengths of gravity roller conveyor 
are used when the size and shape of 
the machines make the direct arrange¬ 
ment inconvenient. The actual path of 
the part through the line department 
may be a straight line (in order to em¬ 
ploy a flat belt conveyor), but it is 
more likely to be similar to the shapes 
of such letters as S, U, L, M, N, 0, Y, 
or C, depending upon the number of 
machines involved, the shape and size 
of the floor space available, the size and 
weight of the product, and the number 
and duration of the operations per¬ 
formed on the part. 

In addition to those conditions listed 
in Fig. 8.6, the following conditions tend 
to dictate the use of line-type layout: 

1. The discovery that a slight reduc¬ 
tion in the selling price of a product 


will produce a large increase in the 
demand. 

2. The discovery that two or more 
products have operations that are per¬ 
formed on the same types of machine 
and in the same sequence. 

3. Difficulty of maintaining produc¬ 
tion control if produced by a process 
layout. 

4. Difficulty in finding highly skilled 
employees for the existing functional lay¬ 
out. 

6. Complaints from foremen over 
crowded conditions, lack of storage, 
materials-handling delays, lack of ca¬ 
pacity, or overtime work. 

The line layout usually has certain 
unique characteristics: 

1. Conveyorized, automatic, or semi¬ 
automatic materials handling, with most 
of the in-process inventory in temporary 
storage on the materials-handling sys¬ 
tem. 

2. Small in-process inventory and 
short production cycle. 

3. Mechanical pacing, partially or 
completely. 

4. A labor force that is mostly un¬ 
skilled or semiskilled. 

5. The operation of two or more 
machines by one operator. 

6. The utilization of more specialized 
tools, jigs, fixtures, and machines. 

7. Little or no flexibility in the vol¬ 
ume of output (in a given time period) 
or in product design. Little or no op¬ 
portunity to use the machines for other 
products during slack period. 

8. The possibility that one break¬ 
down will interrupt a whole line. 

9. A high investment in specialized 
equipment that may have little or no 
resale value. 

10. Less necessity for written orders 
and records to obtain and maintain the 
desired production control. No detail 
scheduling for individual machines in the 
line. 

11. A need for supervisors to be fa¬ 
miliar with widely diversified operations. 

Assembly lines are customarily fed by 
a number of product departments that 
fabricate the individual parts. An at- 
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From Ircson, Factory Planning and Plant Layout, p. 18. 

PIG. 8.7 POUR POSSIBLE WAYS OF ARRANGING EIGHT 
PRODUCT LINES FEEDING AN ASSEMBLY 
LINE. 

tempt is usually made to arrange the decreases as the size and weight of the 
product departments along the assembly part decrease, as the ease of handling 
line and in the sequence of assembly so increases, or as the cost of making spe- 

that the parts are fed directly to it. cial arrangements near the assembly 

For many reasons, this is not always point goes up. Figure 8.7 shows a num> 

feasible, and parts may be fabricated ber of ways of arranging product-line 

at a considerable distance from the point departments in conjunction with an 

of assembly. The importance of having assembly line. 

the feeder line near the assembly line 5.3.3 Process or functional layout. In 
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the process or functional method of lay^ 
out, the department is made up of 
machines, equipment, or processes that 
fall into one category, according to the 
functions performed. The product is 
fabricated by moving it from depart¬ 
ment to department according to the 
sequence of operations to be performed 
on it. The operations performed in each 
department are assigned to particular 
machines within the department accord¬ 
ing to the capacity required, availability 
of machines, precision required, and so 
forth. Functional layout is general-pur¬ 
pose layout, and provides for great 
flexibility in output, design of products, 
and methods of production. It minimizes 
the seriousness of a breakdown. 

The functional layout is characterized 
by such conditions as; 

1. The presence of a skilled labor 
force, capable of setting, up the machine, 
reading blueprints, and determining the 
proper sequence, feeds, and speeds for 
efficient operation. 

2. Highly specialized supervision in 
each department. 

3. Many different production orders 
in process at the same time, resulting in 
a need for careful control and direction. 

4. Large storage ^pace in each de¬ 
partment for work-in-process and large 
in-process inventories. 

5. Extensive materials-handling op¬ 
erations; frequent movement of small 
quantities over medium and long dis¬ 
tances. 

6. Generalized materials-handling 
equipment, requiring a large amount of 
labor and supervision. 

7. The need for large volumes of 
instructions, written and oral, to effect 
desired movements and operations at 
desired times. 

8. Frequent changes in workers' jobs 
and frequent instruction. 

9. No mechanical pacing of the work. 

10. A possibility of making greater 

use of machines and requiring less capi¬ 
tal investment. 

5.3.4 The combination layout. The 

combination method of layout is feasi¬ 
ble when a number of products require 
about the same sequence of functional 


operations but none enjoys sufficient vol¬ 
ume to justify individual production 
lines. The principle of this method lies 
in the arrangement of functional depart¬ 
ments across the building at right angles 
to the flow of product and in the re¬ 
quired sequence of operations. Particular 
sections of each department are assigned 
the different lines of products, but the 
sections can be adjusted as volumes 
change to accommodate larger or smaller 
orders. Figure 8.8 shows a typical com¬ 
bination layout. 

Another example can be taken from 
the manufacture of steel office furniture 
or other hollow steel products. The 
sequence of operations for each compo¬ 
nent part is generally the same: 

1. Shear or blank stock for part. 

2. Punch and notch blanks. 

3. Bend or form blanks. 

4. Deburr as required. 

5. Spot-weld or gas-weld component 
parts into subassemblies (drawers, legs, 
pedestals, tops). 

6. Finish (clean, dip, sand, spray, 

bake, etc.). • 

7. Assemble final product. 

8. Install hardware (locks, drawer 
stops, hinges, etc,). 

9. Pack and ship. 

A company producing several differ¬ 
ent styles of desks, filing cabinets, chairs, 
cabinets, tables, and so forth, can make 
profitable use of such a layout. 

5.3.5 Analysis of product and process 
layout. An example will serve to show 
the effects of layout method on the pro¬ 
duction cycle time and the in-process 
inventory. It also shows how the line 
layout is a natural development result- 
' ing from refinements of the process lay¬ 
out. 

Assume that a certain part, weighing 
75 pounds, has an annual volume of 400 
pieces, produced in four lots of 100 
pieces each. Three operations (others 
omitted for simplicity) are necessary, 
requiring 30 minutes, 20 minutes, and 
45 minutes, respectively, on machines 
no. 1, 2, and 3. Two hours are allowed 
for the movement of a load of parts 
from one operation to the next. Figure 
8.9 shows several ways of scheduling 
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FIG. 8.9 EFFECTS OF SUB-LOT SIZE ON OVER-ALL 


PRODUCTION TIMES AND SCHEDULES. 


this job, using sublots of different sizes 
as follows: 

(a) 100 

(b) 50 

(c) 10 

(d) 1 

In each case, the production has been 
started on June 1, and 100 units have 
been completed as quickly as possible. 
Each sublot is scheduled to the next 
full hour except for (c) and (d). The 
schedule is also made in such a way 
that after a machine has been set up 
there will not be any idle time on it. 
Set-up times have not been included. 

It is obvious that it is not practical, 
to try to handle 100 units in one “unit 
load” (see Art. 7), since that means 
that schedule (a) would have to be used, 
and the entire 100 units are tied up in- 
process for 28^/^ days. None can be 
packaged or shipped prior to June 29. 
If the lot is broken into two sublots (two 
unit loads), the first sublot is ready for 
packaging and shipment on June 16. 
Furthermore, the longest cycle time, sub¬ 
let B, is just 20 days. If 10 sublots of 
10 units each are used, the first 10 can 


be packaged on June 5, a total cycle 
time of 5 days, and the longest cycle 
time will be for sublot J, about 8 days. 

Little is gained by reducing the sublot 
to a single unit (the assumption that 
each piece will be moved independently), 
but (d) shows what would happen if the 
three machines were placed along a 
roller conveyor. Machine no. 1 would 
build up a bank ahead of machine no. 2 
before machine no. 2 starts working. As 
soon as no. 2 starts it reduces the bank 
or float more rapidly than machine no. 
1 replenishes it. The two-hour move 
time here becomes a safety factor, so 
that when machine no. 1 finishes its last 
piece, machine no. 2 has two hours of 
work, or 6 pieces, ahead of it. When 
machine no. 2 started, it built up a 
bank of two . hours’ ‘ production (6 
pieces) before machine no. 3 started, 
and continued to build up the bank 
faster than machine no. 3 used it at 
the rate of 45/20. The largest bank 
occurred when machine no. 2 finished 
its last piece. At that time, there were 
62 pieces in the bank ahead of machine 
no. 3. 
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As the sublot size is increased—(c), 
(b), and (a)—the naaximum bank or 
float increases, necessitating greater and 
greater storage space between each pair 
of operations. 

Such calculations as these provide a 
basis for deciding whether to employ a 
line or process layout for a particular 
product. They establish the data from 
which storage capacity, conveyor spac¬ 
ing, conveyor speeds, and production 
schedules can be computed. The ideal 
line is developed when the number of 
machines and operations is balanced per¬ 
fectly, so that each one is taking the 
same amount of time, and so that the 
bank is the minimum size for safety 
from interruption. 

5.3.6 Temporary production lines. 

Many companies have developed tech¬ 
niques for setting up product line lay¬ 
outs for short-run production. The basic 
principle behind this development is 
that it may be less costly to rearrange 
machines into a production line than 
to transport the materials from depart¬ 
ment to department of a functional lay¬ 
out. The necessary flexibility in layout 
is accomplished by: 

1. Mounting light and medium-weight 
machines on platforms, skids, or casters 
so that they can be moved easily and 
quickly by a fork lift truck, an over¬ 
head crane, or a tractor. Machines must 
be stable without being fastened to the 
floor, 

2. Locating heavy machines at such 
intervals that the necessary light ma¬ 
chine can be arranged around them to 
form a production line under widely 
varying conditions. 

3. Providing readily accessible serv¬ 
ices. The installation of a grid system of 
bus duct for power distribution and 
piping for compressed a<r, steam, water, 
and so forth, facilitates the rapid change¬ 
over between production runs. 

Such a plan has disadvantages that 
should be carefully evaluated before em¬ 
barking on the plan. It is highly probable 
that the company will have to have a 
larger number of machines than it can 
keep operating, but this may also be 
true for the company if it does custom 


[SJA 

work and employs the functional lay¬ 
out. This possibility requires that an 
extensive study be made of materials- 
handling costs, and that standard data 
be developed that will enable the pro¬ 
duction-planning department to decide 
whether or not to set up a special line 
each time an order is received. If orders 
of any size are to be accepted, it will be 
necessary to maintain a functional lay¬ 
out to handle the small orders in ad¬ 
dition to providing space and machines 
for the temporary line layouts. Unless 
all machines can be interchanged be¬ 
tween the line and functional depart¬ 
ments, a less efficient machine may have 
to be used on certain jobs because the 
better machine may be assigned to the 
other departments. This plan places 
great emphasis on scheduling, and poor 
control can render the plan almost use¬ 
less (see Section &). 

5.3.7 The equipment list. In order to 
arrive at the correct decision regarding 
the departmentalization method, it is 
necessary to tabulate the kinds of ma¬ 
chines and equipment to be used and 
the amount of time each product will oc¬ 
cupy each type. The flow process sheet 
is the logical place to accumulate the 
information on machine requirements for 
individual parts. An extra column can 
be added to show the product of the 
standard time per piece and the number 
of pieces to be run per w-eek, month, 
or year. This is the machine-hour ca¬ 
pacity required for that part. A second 
column can be added for the equivalent 
number of machines, which is the ma¬ 
chine-hour capacity required divided by 
the standard number of working hours 
for the base period (week, month, or 
year). If flow process charts do not 
exist, and are not needed for other 
purposes, a form such as that shown 
in Fig. 8.10 can be used to show both 
the sequence of operations, the machines, 
and the machine capacity required. Such 
a form immediately shows the number 
of machines that would be required for 
a product line (rounding the values to 
the next larger whole integer) and points 
out the difficulties to be encountered in 
balancing the line. If the product is to 
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From Ireson, Factory J’laniung and Plant Layout, p. 22. 

FIG. 8.10 MACHINE CAPACITY WORK .'AHEET rSED IN 
COMPUTING MACHINE TIME REQUIRED FOR 
EACH PART. 


be produced in a range of sizes, it may 
be possible to develoi) an effieient line 
by combining the times for the different 
sizes and allowing for the extra set-ups. 

Figure 8.11 shows a summary sheet 
for a certain type of machine. On this 
sheet are summarized all the operations 
in the plant or division that require this 
kind of machine. A similar summary 
should be prepared for each type of 
machine. 

The collection of summary sheets gives 
the minimum number of machines for 
the planned production by the functional 
layout method. It assumes continuous 
operation during the prescribed working 
hours and makes no allowance for sched¬ 
uling difficulties or breakdowns. If any 


lino-type layouts are to be used, and 
if they are not utilized for an equal 
percentage of the working time, addi¬ 
tional machines will be needed. The con¬ 
sequences in terms of fixed costs can be 
computed for the.se extra machines and 
the decision on method of layout can 
be made on the basis of facts. 

As the decisions regarding methods of 
departmentalization are made, an equip¬ 
ment list by departments should be 
com])iled. Figure 8.12 shows a typical 
equipment list for a department. This 
example refers to an existing plant where 
all the equipment for the department is 
already owned. If now equipment is 
required, it would be added to the list 
and assigned a machine number. This 
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From Ireson, Factory Planning and Plant Layout, p, 23. 

FIG. 8.11 SUMMARY SHEET USED IN COMPUTING 
THE MINIMUM NUMBER OF MACHINES 
REQUIRED. 


form rerves a number of purposes. It is 
very useful at a number of stages in the 
development and installation of the new 
plan. It provides the specifications for 
the department and will help to assure 
that the facts are considered each time 
a decision is to be made. The form is 
completed in the following order: 

1. Insert department name and num¬ 
ber. 

2. List machines, machine numbers, 
present location, services required, size, 
and weight. 


3. Tabulate the services required in 
the appropriate spaces in heading. 

4. Compute power required. 

5. Enter product description. 

6. Indicate materials-handling sys¬ 
tem, if known. 

The space requirements are estimated 
(see Art. 5.4.3) and the location of the 
department is determined. (This may 
have been designated previously and the 
space may be a fixed amount.) After 
all tentative department locations have 
been decided: 
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From lieson. Factory Planning and Plant Layout, p. U. 
FIG. 8.12 TYPICAB DEPARTMENTAL EQUIPMENT LIST. 


7. Sjjecify location by building num¬ 
ber, floor, and bays in the heading. 

After the machine arrangement has 
been determined within the department 
boundaries (see Art. 5.5): 

8. Insert the drawing number and 
the destination by bay for each machine. 

9. Determine when machine will be 
available for move, and insert available 
date. 

10. Prepare move and installation 
schedule, and insert date of scheduled 
move. 

11. Check ofif the completion of the 
move, or insert the actual move date if 
it differs from the schedule. 


*5.4 DEPARTMENT LOCATION 

5.4.1 Process departments. The 

relative position of departments 
within the building!s) is very important 
to the efficient operation of the plant. 
Several factors enter into this decision 
regardless of the method of departmen¬ 
talization. These factors are; 

1. Sequence of departments entered 


by products, and the amount of space 
needed for each department. 

2. Nature of the processes involved. 
Are they hazardous, offensive, dirty, 
noisy, etc.? 

3. Weight, size, and characteristics of 
machines. Floor load capacity, ceiling 
heights, space beneath floor. 

4. Weight, size, and nature of prod¬ 
ucts. Are they large and bulky, fragile, 
flammable, explosive, etc.? 

5. Materials-handling costs. Does the 
arrangement minimize the movement 
distances, back-tracking, and crisscross¬ 
ing? 

6. Is this a service department that 
must serve a large area? Engineering, 
maintenance, production planning and 
control, inspection and quality control, 
raw stores, shipping, receiving, tool cribs, 
and maintenance. 

7. Quality characteristics of the build¬ 
ing space. Is this space noisy, dirty, 
poorly lighted, or poorly ventilated? 
Does it provide necessary work condi¬ 
tions such as security, crane ways, free¬ 
dom from vibrations, docks, or wide 
bays? 
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8. C!ontacts with the public, and in¬ 
ternal communicatiim. Is it necessary 
for members of certain departments to 
have frequent visitors (the personnel de¬ 
partment, for example), or frequent per¬ 
son-to-person conferences with members 
of other departments? 

Each of these factors affects the effi¬ 
ciency of operations within the plant and 
directly or indirectly affects the over¬ 
all cost of producing a given volume of 
work. It is possible to reflect the effects 
of many of these factors on costs in 
mathematical equations of varying com¬ 
plexity. If the effects of all factors are 
shown in one equation, the equation usu¬ 
ally becomes very complicated and is 
difficult to solve for the minimum value. 
Many attempts have been made to es¬ 
tablish mathematical models for this and 
similar problems, but none can be clas¬ 
sified as completely satisfactory at this 
time. Smaller problems have been at¬ 
tacked by industrial operations research 
teams (see Section 15) with encouraging 
results. By limiting the departmental 
arrangement problem to include only a 
few factors, it is possible to obtain very 
good results. 

For the present, the problems must be 
solved by a combination of cost data, 
logic, and good judgment. Analysis of 
fixed factors will eliminate a great many 
possible arrangements and point out 
those that remain. (Refer to Art. 5.1.2.) 
For instance, the fact that the second 
floor of a building has a limited floor 
load capacity will eliminate the possi¬ 
bility of placing certain departments 
there. The location of rail sidings and 
truck docks fairly well establishes the 
location of receiving, raw stores, finished 
goods storage, and shipping departments. 
Examination of a collection of process 
charts may reveal that parts always 
start in one or two departments, and 
that certain other departments always 
follow each other in a fixed order. For 
example, the finish grind of precision 
parts may always (or usually) follow 
heat treatment. The fact that most of 
the tools issued to individual workmen 
will be used in a small number of fabri¬ 
cating departments will help locate the 


tool room for economy of workmen's 
time. 

By establishing such limiting factors, 
the number of satisfactory arrangements 
can be reduced to a number small 
enough to be handled and tested for the 
optimum solution. If necessary, several 
different arrangements can be drawn to 
a small scale and compared. Criticisms 
and suggestions can be obtained from ail 
levels of employees to help assure that 
all the alternatives have been recognized. 

5.4.2 Line departments. The arrange¬ 
ment of line or product departments is 
commonly based upon the sequence of 
assembly of the parts, but this is not 
always practicable. Limitations, such as 
those enumerated in the previous para¬ 
graphs, may prevent such an arrange¬ 
ment. If the assembly line is to be fed by 
conveyors carrying the parts from the 
line departments, extra distance between 
the assembly and fabricating depart¬ 
ments may not increase materials-han- 
dling costs substantially (see Art. 7). 
Thus, the use of conveyors by companies 
that enjoy volumes of output that justify 
them increases the freedom of locating 
the line departments; line departments 
can be located where they make the best 
ufie of the space available. 

5.4.3 Estimating departmental space 
requirements. The space required for a 
department can be estimated by two 
different methods. The first method em¬ 
ploys a ratio between the total space 
for the department and the space actu¬ 
ally occupied by the machines and equip¬ 
ment. This ratio will vary with the type 
of layout, the type of industry, and the 
kind of machines involved. It commonly 
varies from 3:1 to 6:1. Each plant must 
conduct a study of its machines and 
operating conditions in order to arrive 
at a satisfactory ratio. This study can 
be made by surveying several existing 
departments that are considered to be 
typical of the plant. If the problem con¬ 
cerns a new plant, the planning engineers 
can prepare several layouts, using tem¬ 
plates, and can compute the ratio. 

The ratio method is most useful for 
estimating the space needed for line 
departments, since there will be several 
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FIG. 8.13 A TYPICAL PRODUCTION CENTER, INCLUD¬ 
ING SPACE ALLOWANCE FOR MACHINE, 
TOOL STORAGE, MATERIALS, MAINTENANCE 
AND 4 ISLE. 


different kinds of machines in each de¬ 
partment. The department estimate is 
the product of the actual space occu¬ 
pied by the machines, and the ratio. 

A second method employs the princi¬ 
ple of the production center. A produc¬ 
tion center is composed of a single 
machine plus all the equipment and 
space required for its proper functioning. 
Ordinarily, this means that the center 
includes space for the machine, the tool 
cabinet, worked and unworked parts, 
access to the aisle, operator space, and 
maintenance space around the machine. 
Figure 8.13 shows a typical production 
center. After the production center is 
designed, its space requirement is multi¬ 
plied by the number of machines in 
order to obtain the departmental space 
estimate. It is obvious that this method 
is most useful in estimating the space 
for process departments. Furthermore, 
the dimensions of the production center 
provide a basis for establishing the most 
efficient dimensions for the department. 
Access aisles are usually included in the 
production-center estimate, but main 
traffic aisles are not, and must be pro¬ 
vided when locating the department 
boundaries on the building floor plan. 


There is more likelihood of errors in 
the space estimates from the ratio 
method than from the production-center 
method. Therefore, it may be necessary 
to make slight adjustments in the de¬ 
partmental boundaries when the machine 
layout is planned (see Art. 5.5). Also, 
if growth is expected in the immediate 
future, space for additional machines 
may be provided in the original plan, 
and the present machines may be ar¬ 
ranged so that the new machines can be 
installed without disturbing the other 
machines. This space must be included in 
the original estimate. 


5.5 MACHINE LAYOUT 

The arrangement of the machines 
within the departmental bounda¬ 
ries is made after the location of the 
department has been established. There 
are three common methods of planning 
this arrangement: 

1. Drafting or sketching. 

2. Two-dimensional templates. 

3. Three-dimensional models. 

5.5.1 Drafting or sketching machine 
arrangements. The preparation of a 
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machine layout by this method usually 
requires a certain amount of preliminary 
work. The draft.sman or planning engi¬ 
neer, working from the equipment list 
and on a scale drawing of the depart¬ 
ment space, establishes in his mind the 
basic pattern of the layout that he thinks 
will be satisfactor>^ He probably will 
make a few free-hand sketches, approxi¬ 
mately to scale, showing the general 
position of the several machines, and 
obtain comments from his associates on 
the plan. After examining it from all 
viewpoints, he may prepare another free¬ 
hand sketch, or he may start drafting 
the layout on tracing paper or cloth. He 
actually makes a top view of each ma¬ 
chine in its proper position relative to 
other machines, conveyors, columns, 
windows, and so on. He will usually work 
in pencil so that he can make changes 
with ease. The drawing is presented to 
management and other interested per¬ 
sons, and comments or approval are 
obtained. It is common for such a plan 
to be revised two or more times before 
it receives final approval. 

It is obvious that such a method of 
determining machine layout can become 
very expensive if more than one or two 
revisions are required. There are in¬ 
stances, however, where this method is 
probably the most economical and per¬ 
fectly satisfactory. The conditions that 
are favorable to this method are: 

1. Process departmentalization. 

2. A large number of similar machines 
or pieces of equipment in each depart¬ 
ment. 

3. Ample floor space, with no major 
incentive to arrange the equipment in 
the smallest possible space. 

Since process departments are ar¬ 
ranged to accommodate a variety of 
products, more space is usually allowed 
around the machines than in a line de¬ 
partment. If a satisfactory production 
center has been designed for the type 
of machine to be used, the layout con¬ 
sists primarily of repeating this produc¬ 
tion-center layout as many times as is 
necessary. Thus, the real work is done 
in designing the production center. Once 
that has been approved, there is little 
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likelihood that the departmental ar¬ 
rangement will not be approved. This 
means that the layout should be accom¬ 
plished with few revisions. 

The draftsman can simplify his work 
by preparing a cardboard or plastic 
template of the production center and 
using it as a guide for drawing the out¬ 
lines of the machines, tables, conveyors, 
boxes, and so on. 

The drafting method can usually be 
used quite satisfactorily for the layout 
of drafting rooms, clerical or typographi¬ 
cal offices, insurance companies, banks, 
functional departments, packaging, in¬ 
spection, and many others. 

5.5.2 Two-dimensional templates. The 
two-dimensional template is simply a 
piece of some flat, stiff material on which 
is shown a projection of the machine and 
its over-travel and/or stock over-hang 
to scale. It is then cut out of the ma¬ 
terial along the extreme outlines. The 
two-dimensional template is the most 
popular of the methods used and is the 
one that is most likely to give the best 
machine arrangement with the smallest 
over-all cost of planning. The template 
method of layout has become so popular 
that the American Society of Mechanical 
Engineers has published a standard for 
templates and models.* This standard 
presents the most acceptable practice on 
material for templates, scale, represen¬ 
tation of machine features, over-hang 
and over-travel, and identification. A 
summary of the most important charac¬ 
teristics follows: 

1. The template should be made of 
heavy cardboard, plastic, or fiber that 
can be used' repeatedly without serious 
wear or soiling and that will lie flat. 

2. The material of the template should 
take ink or some other convenient mark¬ 
ing material. 

3. The template should be a projection 
of the machine and qU over-hang and 
over-travel of machine parts, work, car¬ 
riages, and so on; the machine base 
should be outlined on templates. 

* Plant Layout Templatet and Model *— 
19^^ (New York: The American Society 
of Mechanical Engineers, 1949). 
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From Ireson, Factory Planning and Plant Layout, p. 81. 

FIG 8.f4 A TYPICAL TEMPLATE FOR PLANT LAYOUT 
PURPOSES. NOTES INDICATE THE INFOR¬ 
MATION DESIRED AND THE SYMBOLS USED. 


4. An agreed-upon set of symbols 
should show the location of motor, con¬ 
trol levers, handwheels, and work. 

5. The template should be capable of 
being photographed in black and white 
without losing any essential details. 

6. The template must contain some 
form of identification. 

7. The scale should be = T 0". 

A template of a milling machine is 

illustrated in Fig. 8.14. 

Since the preparation of suitable tem¬ 
plates by ordinary drafting methods is 
rather inefficient and costly, a number of 
companies have developed other methods 
of producing templates commercially and 
offer them for sale to using companies. 
Most of the commercial templates use 
clear plastic of various thicknesses as 
the basic material and provide means 
for attaching the templates to the trac¬ 
ing of the plant area. Some use pressure- 
sensitive cement and others use alnico 
magnets for this purpose. In some cases, 
the template is flexible and can be run 
through blueprint or Ozalid machines; 
others are stiff and the print paper must 


be exposed by placing strong lights 
above the layout on a flat surface. 

The great advantage of clear plastic 
templates of all types over cardboard 
or fiber is that the internal lines, sym¬ 
bols, and identification information are 
recorded on the blueprint at the same 
time as the outlines are recorded. If 
opaque templates are used, the infor¬ 
mation must be lettered or typed within 
the machine outline after the print has 
been made. The ease with which the clear 
plastic templates can be removed and 
rearranged, and the ease with which a 
record of each trial can be made, en¬ 
courage planning engineers to try several 
different layouts before reaching a de¬ 
cision. The results of the different lay¬ 
outs can be compared critically only if 
a record is made of each one. 

Most of these templates will function 
properly on regular tracing paper, but 
a number of suppliers also provide thin 
plastic sheets to replace the tracing 
paper or cloth. These plastic sheets are 
printed or scored in quarter-inch squares 
so that the templates can be oriented 
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with respect to columns, walls, and other 
machines simply by counting squares. 
The building outlines, columns, windows, 
conveyors, aisle boundaries, over-head 
monorails, stairs, flow lines, and so on, 
are printed on translucent, pressure-sen¬ 
sitive tape and are applied directly to 
the plastic sheet to provide a complete 
drawing of the building area. Thus the 
complete layout and as many prints as 
desired can be made without drawing 
anything.* 

5.5.3 Three-dimensional models. 

Three-dimensional models provide the 
most realistic means of representing the 
equipment of a plant, and in many ways 
makes the machine arrangement easier to 
accomplish. These are scale models of 
the machines and equipment, with as 
much detail incorporated into them as 
their size will permit. The scale is 
customarily = T 0 ", which corre¬ 
sponds to the most frequently used scale 
for two-dimensional templates, and per¬ 
mits the use of the same blueprints or 
tracings of the factory building. Models 
do not ordinarily show over-travel or 
over-hang of work, but do show tables, 
carriages, and controls in their normal 
position. 

Models should be made of a material 
that will withstand frequent handling 
and even dropping. They should be 
heavy enough to stand upright even in 
a light breeze. They should be painted 
according to a color code, such as that 
used by the Air Force or recommended 
by the Du Pont Company or the Pitts¬ 
burgh Plate Glass Company. In addition 
to the usual colors for the machine base, 
points of danger, moving parts, and so 
forth, the machined surfaces are usually 
painted with an aluminum or white 
paint. The color code adds to the realism 
of the model, but, what is more impor¬ 
tant, the planning engineer can tell more 

* These products are available from such 
companies as: 

Magne-PlasTic Corporation, 79 North 
Gratiot Ave., Mount Clemens, Michigan; 
F. Ward Harman Associates, Halesite, 
L. I., New York; Repro-Templets, Inc., 
Oakmont (Allegheny Co.), Pennsylvania. 
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about how to arrange the machines in 
order to provide for safe working con¬ 
ditions, ease of handling work, position 
relative to light source, and so on. 

Although models are relatively expen¬ 
sive in first cost, they frequently save 
their cost in the first re-layout problem 
by saving time for everyone concerned, 
from the workmen through top manage¬ 
ment. The use of models makes it un¬ 
necessary to be able to read blueprints 
in order to understand a proposed lay¬ 
out. Anyone can grasp the essential 
characteristics of the proposed layout 
more quickly from seeing the three- 
dimensional model than from seeing a 
two-dimensional blueprint of the same 
layout. Thus the ideas of many persons 
can be brought to bear on the problem 
with a minimum loss of time. The models 
have a certain visual appeal, for most 
persons in a plrfnt will stop and shift 
models around on the plan when they 
would not give a blueprint a second 
look. Even experienced layout men usu¬ 
ally find it easier to visualize all the 
difficulties of a layout problem by using 
a model. 

Just as with two-dimensional tem¬ 
plates, it is important that a record be 
made of each different proposal so that 
all proposals can be compared objec¬ 
tively. Since the models do not lend 
themselves to blueprinting, the only 
practical method lies in photography. 
Figure 8.15 shows a photograph of a 
small section of a plant model. Obvi¬ 
ously, it would be difficult for the mill¬ 
wrights to work from such a photo¬ 
graph in installing the machines. A grid 
on the floor of the plant model would 
help considerably. One solution of this 
problem lies in using both two-dimen¬ 
sional templates and three-dimensional 
models. In this method, the arrange¬ 
ment is made by using the models on 
the tracing or plastic sheet. When the 
arrangement has been perfected, each 
machine is replaced by a plastic tem¬ 
plate secured to the tracing in exactly 
the same position. One or more blue¬ 
prints are then made, and another pro¬ 
posed arrangement can be set up. In 




FIG. 8.15 PLANT LAYOUT USING MODELS OF BOTH 
EQUIPMENT AND BUILDING. 
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this way, the advantages of both meth¬ 
ods are obtained, but the costs of both 
methods are also involved. 

Storage of three-dimensional models 
of plant buildings and machines presents 
a problem of major proportions for a 
large concern. The model of the build¬ 
ing is the most difficult, for it may be 
so large that rearranging the machines 
in certain areas requires the layout men 
to work from a temporary bridge con¬ 
structed over the model. This naturally 
increases the difficulty of keeping the 
model up-to-date. One solution dictates 
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that sectional planning boards of some 
convenient size, such as 24 by 36 inches, 
be used in place of a plant model. The 
blueprint or tracing of the plant area 
is divided into pieces of the same size 
which are mounted on the boards. These 
are usually covered with a plastic sheet 
to provide a good working surface. These 
boards are identified along the edge and 
are stored horizontally in a closed cabi¬ 
net. Two or more sections can be re¬ 
moved for study or re-layout when 
needed. If desirable, all boards can be 
placed in their proper position to i^ow 
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FIG. 8.16 THREE-DIMENSIONAL SCALE MODEL OP A 
FACTORY BUILDING AND THE LAYOUT OP 
THE SAME BUILDING ON TWO SECTIONS 
OF PLANNING BOARDS. 


Prom Ireson, Faetory Planning and PbuU Layout, Mk 
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the complete plant plan, floor by floor. 
Figure 8.16 compares a scale model of 
a small plant building with the two 
corresponding sectional planning boards. 
The models of the machines and equip¬ 
ment can be attached to the boards and 
stored as a permanent record of the 
plan and as a constantly available tool 
for use in replanning the area. 

5.5.4 Aisles. Aisles are highways over 
which both materials and personnel must 
travel; the width and arrangement of 
aisles can be set only in relation to the 
kinds and volume of traffic that must 
be handled. The layout engineers can 


base the aisle width and location on the 
following variables; 

1. Size and kinds of trucks and turn¬ 
ing radii (power or manual). 

2. Size of load to be carried by each 
type. 

3. Frequency of trips. 

4. Frequency and volume of person¬ 
nel traffic. 

5. Boundary conditions (location of 
machines and other items along aisles). 

6. Method of picking up and deposit¬ 
ing load and position of load relative to 
aisle. 

7. One-way or two-way traffic. 
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FIG. 8.17 A STUDY OF THE EFFECTS OF PALLET POSI¬ 
TION ON THE WIDTH OF AISLES. 




From Ireson, Factory Plammmg and Plant Layout, p. 110. 
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8. Are individual machines to be handling, loss or damage to materials, 

served by aisles, or are only designated and direct labor time. Since each corn- 

areas adjacent to a group of machines pany’s storage problems differ to some 

to be served? extent, no rules can be given that will 

Figure 8.17 illustrates how the posi- apply in every case. However, the follow- 

tion of the load, the size of truck and ing principles can be used as guides in 

load, and one- or two-way traffic affect arriving at an economical arrangement: 

the aisle widths. 1. Decentralize storage areas to con- 

A tabular illustration of aisle widths serve workmen’s time spent in securing 
established for a machine^ shop, where supplies, but keep each storeroom large 
each machine was served and where each enough to keep one stores clerk reason- 
machine or piece of equipment was at ably occupied. 

least one foot from the aisle boundary, 2. Do not put bulky items (those 
is shown at the bottom of this page. that are not easily pilfered) in inclosed 

Aisles should not be excessively wide, storerooms unless special storage con- 
and should not have too many turns or ditions are required for safety or to 
obstructions. Turns, obstructions, and prevent deterioration, 
blind corners invite accidents, and ex- 3. Try to store bulky items at the 

cessively wide aisles invite use as tem- point of use to prevent rehandling, 

porary storage areas. Careful planning 4. Consider the cost of exerting com- 

of aisles will reduce handling time, im- plete control over stores against thr 

prove service and utilization of materials- probable cost of stolen or misplaced 
handling equipment, and help prevent items and the inaccuracies that will occur 
personnel injuries and damaged ma- in cost accounting, 
terials. 5. Attempt to arrange storage areas 

5.5.5 Storage areas. A substantial according to classes of items in order to 
portion of the floor space of every mdus- prevent unnecessarily large inventories 
trial plant is devoted to the storage of through duplication, 
raw materials, tools, supplies, work-in- 6. If materials are stored at point of 
process, subassemblies, and finished use, make the workmen responsible for 
goods. Careful planning of both the notifying purchasing when stocks are re¬ 
location and layout of storage facilities duced to some specified quantity, 
can reduce the time for controlling and 7. Plan storage areas so that me- 
issuing materials, costs of materials chanical handling equipment can be used 



Frequency: 

trips 

Maximum 

width 

Pedestrian 

Safety 

Width 

Truck traffic 

per hr. 

of load 

traffic 

clearance 

selected 

One-way fork trucks 

15-20 

4 ft 

infrequent 

2 ft 

6 ft 

Two-way fork trucks 

15-20 

4 ft 

frequent— 
workers 
carry 
light load 

4 ft 

12 ft 

Tractor and one to four 
8' trailers, one-way 

8-12 

4 ft 

y 

infrequent 

3 ft on 

straight 

aisle 

5 ft on 
curves 

7-9 ft 

Tractor and one to four 
8' trailers, two-way 

8-12 

4 ft 

infrequent 

5-7 ft 

13-15 ft 

Two-way, manually op¬ 
erated, warehouse two- 

20-30 

2^ ft 

frequent 

2 ft 

7 ft 


wheeled truck 
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to the maximum advantage. Handle as 
little as possible by hand. 

8. Classify all materials, tools, sub- 
assemblies, and so on, according to some 
standard classification, and arrange stor¬ 
age facilities by classifications so that 
any item can be located quickly and 
easily. 

9. Permanently allocate space, bins, 
racks, or shelves to standard and regu¬ 
larly stocked items, based upon probable 
maximum quantities of each item. 

10. Select storage equipment for the 
specific storage problem. 

11. Employ vertical space to conserve 
floor space by using stacking pallets, 
bins, skid boxes, and mezzanine floors. 

12. Observe safety codes when plan¬ 
ning storage facilities for hazardous ma¬ 
terials. 

• 5.5.6 Planning personnel facilities. It 

has been recognized in recent years that 
the attitudes of factory personnel are 
extremely important to successful opera¬ 
tion. The physical facilities to care for 
personnel needs directly affect the work¬ 
ers’ attitudes and should be planned as 
carefully as the production facilities. The 
workers' physical comfort, morale, and 
loyalty to the company are reflected in 
his productivity and affect the direct 
labor, materials, and burden costs of 
production. The planning engineers 
should make specific provisions for em¬ 
ployee facilities at the same time as they 
are planning the production facilities. 
The most frequently provided personnel 
facilities include adequate provisions for 
the following: 

1. Employment interviewing, testing, 
physical examinations, assignment to job, 
training, and upgrading. 

2. In-plant medical service, dispensa¬ 
ries, and first aid. 

3. Comfortable working conditions 
relative to heat, light, noise, humidity, 
dirt, dust, and fumes. 

4. Lockers, washrooms, and toilets. 

5. Food service. 

6. Recreation facilities and programs. 

7. Special services: 

a. Loans and banking. 

b. Union activities. 

c. Insurance programs. 


d. Legal, income tax, and similar 
services. 

Almost all plants make some pro¬ 
visions for the first four items above. 
The community facilities, union de¬ 
mands, type of employees, number of 
employees, availability of suitable labor 
force, management attitudes, and em¬ 
ployees' desires will largely determine 
the extent to which personnel facilities 
will be provided beyond the bare mini¬ 
mum. Modern management is in general 
far exceeding the bare minimum because 
it has recognized the advantages of a 
friendly, loyal, and cooperative work 
force. Companies that have employed 
more progressive programs, and that 
have thereby convinced the employees 
that management is genuinely concerned 
over their welfare, have enjoyed peace¬ 
ful employee relations and long periods 
of uninterrupted production. Eastman 
Kodak Company and the Lincoln Elec¬ 
tric Company are notable e.xamples. 

The space for personnel facilities 
should be determined according to the 
number of employees in each division 
or section of the plant. The principal 
services requiring space within the fac¬ 
tory areas are those that are used fre¬ 
quently each day by the employees: 
washrooms, toilets, lockers, water foun¬ 
tains, and food services. First-aid and 
medical .service, though not used daily 
by large numbers of employees, must 
be conveniently located within the fac¬ 
tory in order properly to serve its 
function. Table 8.2 gives the minimum 
number of water closets, urinals, and 
wash basins required by the New York 
State Labor Code. Since the-^ie are mini¬ 
mum requirement.^, they should not be 
considered the mo.«t desirable quantities. 
Usually, they should be increased by 20 
to 40 per cent. The numbers should also 
be used for floors, divisions, or sections 
of the plant rather than for the whole 
pImMl Thus, 400 persons equally dis- 
tnoured over four divisions or floors 
should be treated as four separate prob¬ 
lems, and provisions for 100 persons 
should be made in each division. 

After the number of units to be pro¬ 
vided in each division has been deter- 



SECTION III: MINIMUM FIXTURE HEOUIRBMBNTS (NEW TOBK STATE LABOR 

code)* 





Number 


Number of 


Number 

Water 


of 

Water 

men or 

Wash 

of men 

closed 

UrinaUt 

women 

closets 

women 

basins^ 

1-0 

1 

0 

1-15 

1 

1-20 

1 

10-15 

1 

1 

16-35 

2 

21-40 

2 

16-40 

2 

1 

36-55 

3 

41-60 

3 

41-55 

2 

2 

56-80 

4 

61-80 

4 

56-80 

3 

2 

81-110 

5 

81-100 

5 

81-100 

4 

2 

111-150 

6 

101-125 

6 

101-150 

4 

3 

151-190 

7 

126-150 

7 

151-160 

5 

3 

191-240 

8 

151-175 

8 

161-190 

5 

4 

241-270 

9 

176-205 

9 

191-220 

6 

' 4 

271-300 

10 

206-235 

10 

221-270 

6 

5 

301-330 

11 

236-265 

11 

271-280 

7 

5 

331-360 

12 

266-295 

12 

281-300 

7 

6 

361-390 

13 

296-325 

13 

301-340 

8 

6 

391-420 

14 

326-355 

14 

341-360 

8 

7 

421-450 

15 

356-385 

15 

361-390 

9 

7 

451-480 

16 

386-415 

16 

391-400 

10 

7 

481-510 

17 

416-445 

17 

401-450 

10 

8 

511-540 

18 

446-475 

18 

451-460 

11 

8 

541-570 

19 

, 506-535 

20 

481-520 

12 

9 

601-630 

21 

536-565 

21 

521-540 

12 

10 

631-660 

22 

566-595 

22 

541-570 

13 

10 

661-690 

23 

596-625 

23 

571-580 

14 

10 

691-720 

24 

626-655 

24 

581-630 

14 

14 

721-750 

25 

656-685 

25 

631-640 

15 

15 

751-780 

26 

686-715 

26 

641-660 

15 

12 

781-810 

27 

716-745 

27 

661-700 

16 

12 

811-840 

28 

746-775 

28 

701-720 

16 

13 

841-870 

29 

776-805 

29 

721-750 

17 

13 

871-900 

30 

806-835 

30 

751-760 

18 

13 

901-930 

31 

836-865 

31 

761-810 

18 

14 

931-960 

32 

866-895 

32 

811-820 

19 

14 

961-990 

33 

896-925 

33 

821-840 

19 

15 

991-1020 

34 

926-955 

34 

841-880 

20 

15 



956-985 

35 

881-900 

20 

16 



986-1015 

36 

901-930 

21 

16 



1016-1045 

37 

931-940 

22 

16 



1046-1075 

38 

941-990 

22 

17 



1076-1105 

39 

991-1000 

23 

17 



1106-1135 

40 






1136-1165 

41 


* From WaahToom and Locker Room FaeUiliea, Pclicyholder* Service Bureau, Group Diviaion, Metropolitan 
Life Ineurance Company. Reproduced by permiaeion. Reprinted from Ireeon, Factory Planning and Plant 
Layout, Anpendix C, p. 374. 

f 20 incnea of wash trough with a faucet equals one baein. 
t 24 inches of slab urinal is equivalent to one individual urinal. 

“In all factories where lea'I. arsenic, or other poisonous substances, or injurious or noxious fumes, dust, 
or gSMS are present, resulting from trades or processes which have been declared dangerous by the Industrial 
Board, the washing facilities shall include separate washrooms for males and females, and not less than one (1) 
wash basin or its equivalent for every ten (10) employees, with running hot water, soap, and individual towels. 
£3^er paper towels or an adequate duly supply of clean towels shall be supplied." 

mined, the space requirements can be rendered. Company policy regarding 

estimated from the information in Fig. medical service beyond the minimum 

8.18. first aid required will dictate the num- 

First-aid and medical service space ber of offices for nurses, doctors, exami- 

depends upon the type of service to be nations, and treatments. As the medical 

sn 



WASHFOUNTAINS LOCKERS 



FIG. 8.18 MINIMUM PRACTICAL CLEARANCES FOB 
WASHFOUNTAINS, SHOWERS, TOILETS, AND 
LOCKERS. 
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THE W. B, MARVIN MANUFACTURING CO. 

URBAN*, OHIO. 



men's washroom 

2- 54 " CIRCULAR WASHFOUNTAINS. 5- SHOPROBES,- 20 USERS EACH. 

men’s shower room * 

2- S-IN-A-GROUP SHOWERS. 

MEN'S TOILET 

4- TOILETS. 2- URINALS. 

LADIES' WASHROOM 

2- 54 “ semi-circular WASHFOUNTAINS. 3- SHOPROBES • 20 USERS EACH. 
DRESSING TABLE WITH MIRROR A CHAIRS. 

LADIES' toilet 

S* TOILETS. 

hiTij Planning and Plant Layout, p. 275. 
I<')i.lli.v WashfountBin Company. 

FIG. 8.19 PROPOSED TOILET I'LCII.ITIES FOR COM¬ 
PANY E.MPLOYINO UP TO 100 MEN AND 60 
WOMEN. 


service is extended to the families of 
employees, the facilities must be ex¬ 
panded even iriore. Some companies 
maintain complete hospitals for use by 
the employees and their families. Very 
few standards exist by which the space 
and facilities for a given service can be 
estimated, but the standards on p. 595 
are recommended as a ^^uide to the serv¬ 
ice to be provided. 

The medical office should be readily 
accessible to the employees and also to 
the employment office. Figure 8.24 shows 
one plan for the arrangement of medical 
facilities on the first floor of the office 
building for a multi-building plant (see 
also Section 12, Industrial Hygiene). 


Company-sponsored food service has 
become a standard practice in most in¬ 
dustries. Even the very small plants usu¬ 
ally provide some simple food service, 
such as hot coffee and cookies or dough¬ 
nuts during the working hours and space 
for a food vendor to sell sandwiches and 
beverages during the lunch period. A 
sufficient quantity of nourishing food is 
essential to the well-being of the em¬ 
ployees, and many companies subsidize 
the food service substantially in order to 
encourage the employees to eat whole¬ 
some meals. It is an accepted principle 
that company food service should pro¬ 
vide comparable meals at lower cost to 
the employee than commercial establish- 
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Number of 
employees 
per shift 

Medical Service Provisions 

25 or less 

One first-aid station, at least two persons trained in first aid, and a con¬ 
tract for professional service with a local doctor. 

26-100 

Two to three first-aid stations, six to ten persons trained in first aid, and 
contract with local doctor. 

101-200 

One full-time nurse, nurse’s office equipped for routine examinations, com¬ 
plete first aid, couch, sterilizer, medical supplies, etc. Contract with local 
doctor to care for professional needs and to spend a certain amount of 
time at the plant for examinations. Three to four emergency first-aid sta¬ 
tions throughout plant, with 10 to 20 persons trained in first aid. 

201-400 

1 

A full-time nurse and a half-time doctor. A completely equipped office for 
the doctor, an examination room, and an office or treatment room for the 
nurse. First-aid stations throughout plant. 

401-600 

A full-time nurse and a full-time doctor. The same equipment as in the 
case of 201 to 400 employees. 

601-1,000 

Two full-i!me nurses and one full-time doctor. Same equipment, except 
two treatment rooms should be provided. 

over 1,000 

One doctor and two nurses for 1,000 to 1,200 employees. 


raents can jirovide. This means that the 
company must not try to recover from 
the sale of the food such items as rent 
on the space, power, heat and light, 
building maintenance and, in some cases, 
even the cost of preparation. 

The types of food service commonly 
provided in plants of different sizes are: 

1. A coffee bar. 

2. A rolling cafeteria. 

3. A small diner. 

4. A lunch counter. 

5. A cafeteria. 

6. A restaurant with table service. 

The most important considerations in 

planning food service are; 

1. Service must be fast so that em¬ 
ployees will not have to wait and then 
eat rapidly. 

2. The food service area should be 
located conveniently to the work areas of 
the majority of the employees. 

3. The lunch period should be long 
enough to enable the employees to reach 
the service area, eat slowly, and return 
to work stations without rushing. 

4. The eating habits of the employees 
should be considered in selecting kinds 


of food to serve. (Do not try to force 
employees to eat strange food.) 

5. Variety of food should not be so 
great as to increase preparation expense 
unnecessarily or to increase the time 
required by the employee to make his 
choice. 

6. The service should be planned to 
provide for continuous serving over a 
period of one and a half to two hours 
by staggering the times of the lunch 
periods. 

7. An ample quantity of good quality 
is better than smaller portions of the 
best-quality foods. Preparation should 
be thorough. 

8. Plan food service areas so that they 
can be u.'=ed for other purposes when food 
IS not being served. (Conference, recrea¬ 
tion, or training space.) 

9. The food service area should be 
exceptionally clean and pleasant. (It 
should be light, colorful, relatively quiet, 
and lend an atmosphere of relaxation 
to the lunch period.) 

Figure 8.20 shows a cafeteria planned 
to provide maximum seating capacity 
and service capacity within a limited 
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FIG. 8.21 A STUDY OF TABLE SPACING FOR INDUS 
TRIAL RESTAURANTS BY PRODUCTION CBN' 
TER METHOD. 


space. It is arranged to keep the traffic 
flowing in two large circles with mini¬ 
mum interference. 

Seating space is the principal space 
problem in food service. Figure 8.21 pro¬ 
vides a graphical comparison of the space 
required to seat a person, using several 
sizes of tables and different arrange¬ 
ments. It should be noted that the values 
in square feet per person are only for 


the actual seating spaee, and do not in¬ 
clude main aisles, serving facilities, or 
kitchen areas. Hotel and restaurant sup¬ 
ply houses are always glad to provide 
professional assistance in planning the 
food service for a plant. They will pro¬ 
vide complete listings of the kitchen, 
dish-washing, and serving equipment, 
and in some cases will actually prepare 
layouts to fit the specific space available. 
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Offices ID which other personnel serv¬ 
ices are conducted should be located ac¬ 
cording to the amount of contact with 
the individual employees. Any services 
that require person-to-person communi¬ 
cation with the employees should be con¬ 
veniently located to the plant entrances 
or work areas. Such an arrangement will 
encourage the employees to use the serv¬ 
ice and will help to reduce the traffic 
through other office areas. Offices for 
services that are conducted by mail or 
intra-plant memo can be located without 
reference to the employee entrances. For 
example, payroll reductions for U. S. 
Bond purchases, life insurance, repay¬ 
ment of loans, or union dues can be made 
in the regular payroll offices. 

State and city codes must be observed 
in determining what personnel facilities 
and services will be provided. Most 
states have labor codes covering the min¬ 
imum number of washroom and toilet 
facilities, ventilation and cleanliness of 
facilities, inspection of food service facili¬ 
ties, first-aid and medical services, work¬ 
men’s compensation, employer liability, 
and hours and conditions of employment 
for women and children. The planning 
engineers should become thoroughly fa¬ 
miliar with the appropriate code before 
planning any personnel facilities and 
should be sure that all requirements are 
satisfied by the plans. In most cases, the 
codes should be interpreted as minimum 
requirements, and further investigation 
.should be made to determine suitable 
facilities for both immediate and future 
needs. Provisions should be made for 
expansion of the facilities as growth oc¬ 
curs, even though the extra facilities may 
be just roughed-in now and completed 
later as needed. 

5.5.7 Criteria of effective layout. 

There are no real standards, such as 
thermal efficiency, length, weight, or 
speed, by which the effectiveness of a 
plant layout can be measured. The cri¬ 
teria by necessity must be by compari¬ 
son of costs of performing certain func¬ 
tions by different plans. Over-all costs 
of producing a given quantity of goods of 
a certain quality and within a certain 
time period thei^ become the means for 
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determining the best plan of those pro¬ 
posed. How nearly the optimum plan is 
obtained depends upon the ingenuity of 
the planner and the thoroughness with 
which he performs the analyses of the 
data available. The objective of the pre¬ 
vious articles of this section has been to 
point out ways by which factors that 
contribute to costs can be considered in 
arriving at a proposed plan. 

To be of any real value, criteria must 
be capable of being applied to the pro¬ 
posed plans while still on paper and be¬ 
fore an installation is made. The criteria 
must be reasonably accurate and easily 
applied, and must show some close rela- 
tion.ship to the various costs of opera¬ 
tion. Thus, the criteria will deal with 
three types of costs: 

1. Direct labor. 

2. Direct material. 

3. Burden of overhead expenses. 

The effects of various proposed plans 

can be judged by: 

1. Direct labor: 

a. Reduction in task time. 

b. Elimination or reduction in man¬ 
ual effort. 

c. Reduction in distances to obtain 
tools, materials, and instruction. 

d. Reduction in distances and wait¬ 
ing time to satisfy personal 
needs. 

e. Improvement in working condi¬ 
tions; light, heat, noise, dirt, in¬ 
terruptions. 

f. Improvement in employee mo¬ 
rale or “will to work.” 

2. Direct materials: 

a. Elimination of damage to mate¬ 
rials or parts in transit. 

b. Means of controlling scrap and 
waste. 

0 . Use of less expensive materials 
(resulting from improved proc¬ 
essing or better product design). 

3. Burden expenses: 

a. Better use of vertical space. 

b. Better use of floor space. 

c. Reduction of idle or down time 
on equipment. 

d. Elimination of necessity for close 
supervision, written orders, move 
orders, etc. 
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e. Substitution of mechanical for 
manual handling. 

f. Elimination of unnecessary 
movements of materials. 

g. Use of gravity for moving mate¬ 
rials. 

h. Combining movement with proc¬ 
essing (as drying on conveyors). 

i. Elimination of temporary stor¬ 
age between operations. 

j. Elimination of need for more 
space and equipment by im¬ 
provement in productivity and 
utilization. 

k. Improvement in flexibility of 
output (volume, design, variety 
of product, etc.). 

Direct measures of the effectiveness of 
a plan have been proposed. Each of these 
measures is useful, but if used alone may 
be very misleading. It is advisable to use 
several of these measures to test each 
proposed plan and to select that plan 
which minimizes the largest number of 
the most significant of these criteria. 
Some of these direct measures are: 

1. The expected direct labor cost per 
piece or unit. 

2. The indirect labor costs per piece or 
unit (should be based on actual cost 
items that vary among the alternatives 
rather than on some overhead allocation 
plan). 

3. The materials-handling cost per ton 
of shipped product. 

4. The ratio of direct labor to indirect 
labor per piece or unit. 

5. The distance traveled by each part, 
in feet. 

6. The number of handlings per piece. 

7. 

Numberof handlings X weight at each stage 
Shipping weight 

8. The total direct labor hours per 
piece or unit. 

These measures become most valuable 
when they can be compared with a 
suitable standard or optimum value. A 
multi-plant company will compare these 
measures for a proposed plant with the 
corresponding values from efficiently op¬ 
erated existing plants. If trade associa¬ 
tion journals publish such data from 
individual companies or from the in¬ 


dustry as a whole, the individual con¬ 
cern can compare its values with the 
published data to find out if they are 
better or worse than its competitors’. 
Under such conditions, the direct meas¬ 
ures become goals that can be reached or 
bettered. If they must be used only as 
comparative values among several al¬ 
ternative plans, they are useful in select¬ 
ing the best of the alternatives but do 
not indicate whether or not the optimum 
plan has been devised. 

5.5.8 Layout check list. The following 
questions will provide a check list by 
which each layout can be checked in 
order to avoid the most common errors. 

A. Space Utilization and Disposition 

1. Is there sufficient space for the 
operator to perform all his tasks at the 
machine ? 

2. Is there sufficient space around the 
machine for easy maintenance? 

3. Is the machine locked in by other 
machines, so that it cannot be moved 
without first moving other machines? 

4. Is there space for the tools, auxil¬ 
iary equipment, jigs, fixtures, tables, and 
tool cabinets for the proper operation of 
the machine? 

5. Is there sufficient space for the 
worked and unworked parts or the 
“float”? 

6. Is the machine accessible, so that 
the worker can get to and from his 
work station without danger of injury? 

7. Is the machine located too close to 
the aisle or conveyor for the safety of 
the operator or others? 

8. Is too much space allowed, so that 
■the operator becomes inefficient? 

9. Is vertical space used for storage 
and materials handling? 

10. Are storage areas (tool, raw ma¬ 
terials, in-process or finished goods) ade¬ 
quate for expected volumes? 

11. Are personnel service areas ade¬ 
quate for the number of employees 
expected? 

• B. Machine Location Factors 

1. Is the machine located at the best 
position or angle for the effective supply 
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and removal of materials, and for effec¬ 
tive use of floor space? 

2. Is the machine in the best location 
for both natural and artificial lighting? 

3. Does the location of the machine 
subject the operator to excessive heat, 
noise, drafts, or fumes from other ma¬ 
chines or processes? 

4. Is the location safe from flying 
particles, explosions, Are, moving trucks 
and cranes, and other hazards? 

5. Is the machine located properly in 
relation to the sequence of operations? 

C. Services and Distribution 
of Services 

1. Is the distribution system for 
steam, gas, air, and power designed for 
ease of re-layout and installation of 
equipment ? 

2. Has excess capacity been provided 
in the distribution system so that addi¬ 
tional equipment can be installed? 

3. Will re-layout or expansion neces¬ 
sitate relocation of main or trunk lines? 

4. Are all pipe lines and conduit 
clearly labeled? 

6. Are tap-offs, control panels, and 
valves provided at convenient intervals 
so that interruptions will be minimized? 

6. Are service lines exposed for ease 
of maintenance? 

7. Are service lines protected from 
freezing, damage by materials-handling 
equipment, and machine operation? 

8. Are protective devices, hoods, baf¬ 
fles, insulators, and the like provided to 
protect personnel and equipment? 

9. Has too much space been allocated 
to aisles? 

10. Are there too many aisles or are 
aisles too wide? 

11. Are aisles clearly marked and do 
they have too many turns or obstruc¬ 
tions ? 

12. Are aisles wide enough to provide 
for the volume of traffic expected and 
the manipulation of the expected loads? 

D. Storage Areas 

1. Are tool cribs and storage areas at 
convenient loea^ns? 


2. Are storage areas frequented by 
the employees at excessive distances 
from their work areas? 

3. Do the storage areas provide pro¬ 
tection from theft or loss of materials 
of high value? 

4. Are special storage facilities pro¬ 
vided for paints, oils, acids, gas cylinders, 
chemicals, flammable and explosive sub¬ 
stances? 

5. Does the location of storage areas 
complicate the receiving and checking 
of incoming materials? 

6. Does the location of storage areas 
increase the length of hauls of large vol¬ 
umes of materials ? 

7. Does the arrangement of storage 
areas permit the use of mechanical han¬ 
dling facilities? 

8. Are there provisions for the in¬ 
spection of incoming materials? 

9. Are storage facilities, shelves, 
racks, bins, trays, etc., selected for ease 
of filling and issuing? 

10. Are storage facilities centralized or 
decentralized according to the particular 
needs of the area served? 

11. Are storage areas planned and 
equipped for systematic identification 
and location of items in the area? 

12. Is proper use made of vertical 
space in storage areas by means of mez¬ 
zanine floors, palletized loads, etc.? 

13. Is enough space allocated to stor¬ 
age to care tor peak loads? 

14. Are in-process storage areas lo¬ 
cated for maximum efficiency of the 
materials-handling system ? 

E. Personnel Facilities 

1. Are employee entrances at too 
great distances from work stations ? 

2. Are washrooms, lockers, and toi¬ 
lets located at frequent intervals (prefer¬ 
ably within 200 feet of work stations)? 

3. Has a sufficient number of toilets, 
lockers, and wash basins been provided 
on each floor and near each department? 

4. Have water fountains been pro¬ 
vided at frequent intervals (100 to 160 
feet apart) ? 

5. Are first-aid rooms or dispensaries 
located conveniently to the work areas, 
and readily accessible? 
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S. Are oni^oyee services (couoseUng, 
^ving and loan, legal, income tax, (xnn- 
missaiy, insurance programs) located 
conveniently to the employees’ entrance? 

7. Are working conditions (tempera¬ 
ture, humidity, noise, light, cleanliness, 
and working position) planned to be as 
pleasant as the tasks wiU permit? 

8. Is food service clean, economical, 
of good quality, adeqiiate, and available 
conveniently to all employees? 

9. Are all personnel facilities properly 
ventilated, maintained in extremely clean 
condition, and planned for ease of 
maintenance? 

10. Are medical service, first-aid sta¬ 
tions, and dispensaries adequate for the 
number of employees and the hazards 
present in the plant? 


6 . OFFICE LAYOUT 

• 

Office layout involves two prob¬ 
lems: the location of the offices 
and the arrangement of the furniture 
and equipment within the offices. 


6.1 OFFICE LOCATION 

The object of office planning is to 

provide for the smoothest and 
most direct flow of communications, pa¬ 
perwork, and information from depart¬ 
ment to department in the necessary 
sequence so that each department can 
perform its function as efficiently as pos¬ 
sible. The functions performed by the 
several departments can be compared to 
the operations performed in the manu¬ 
facture of a product, and the location 
of offices can be thought of as a special 
case of department location. Some offices 
will embody the principles of process or 
functional layout, in that a number of 
persons in each office or department per¬ 
form similar work—i.e., accounts-receiv- 
able clerks in an accounting office. Other 
offices will embody the principles of line 
layout, in that a paper form will pass 
through the hands of a number of per¬ 
sons, each of whom performs some spe¬ 
cialized function on it. 


Tlie locatum of the offi<»s can be de¬ 
termined by analyzing the functions rda- 
tive to: 

The organization chart. 

Communications. 

Paperwork flow. 

6.1.1 The organization chart. The or¬ 
ganization chart of a company usually 
shows the lines of authority and the lines 
of response between and among the aux¬ 
iliary and producing departments. The 
chart should show very clearly how the 
information flows from one division to 
another, the level of responsibility, where 
the information originates, and its ulti¬ 
mate destination. The organization chart 
will usually provide a guide for group¬ 
ings of offices and will indicate w’hat 
other offices or departments should be 
located near by. The use of an organiza¬ 
tion chart, however, is seldom a prac¬ 
ticable solution in that the building is 
not constructed like an organization 
chart and the chart does not necessarily 
indicate the amount of space that will be 
required by the different departments. 
The nature of the activity may be such 
that a location determined by this 
method would have serious disadvan¬ 
tages. For inistance, the drafting depart¬ 
ment is tied closely to the factory, but 
it should be located in a clean, quiet area 
and out of the principal traffic patterns 
to reduce interruptions and disturbances. 

6.1.2 Communications. The most im¬ 
portant aspect of office location is that 
of communication with other depart¬ 
ments, customers, vendors, and carriers. 
Since written and oral (telephone) com¬ 
munication is not seriously limited by 
distance, those offices whose principal 
flow of work is conducted by these means 
need not be located adjacent to or even 
near closely related departments. It is 
only when the communication must be 
conducted person-to-person that the 
location of offices becomes important. 
Thus, the plant manager, production 
planning and control, methods engi¬ 
neering, motion and time study, plant 
maintenance, and other activities that 
must perform part of their work in the 
factory area should be located conven¬ 
iently to the factory. Offices that have 



to recMve persons from outside the plant 
(Sidesmen, customeiv, advertising agoi- 
cies, common carried) should be located 
conveniently to the street or plant en¬ 
trance so that visitors will not have to 
go into the factory area. These officM 
may be located in the business district 
of the city, a number of miles from the 
factory site. Offices that deal primarily 
with management functions should be 
close to those persons served. 

Consideration of the communication 
problems helps to establish the general 
location of offices and auxiliary depart¬ 
ments. Specific conditions, such as size 
and nature of space available at the dif¬ 
ferent locations, orientation relative to 
light and prevailing winds, and the char¬ 
acter of the work performed, will help 
to determine the specific location of the 
several departments. 

6.1.3 Flow of paperwork. Just as the 
process flow chart is the basic instrument 
in determining the location of machines, 
the process flow chart of paperwork can 
be used as a basis for arranging the office 
functions. The sequence of operations on 
forms for any purpose can be shown by 
the chart, and the same sequence can be 
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used for the locatitm of office; mr desks 
(for the particular functions) within an 
office. Tbe process flow chart is particu¬ 
larly useful in arranging offices for banks, 
mail-order houses, insurance companies, 
and central offices for manufacturing 
concerns. The procedures and systems 
commonly used to accomplish the cleri¬ 
cal work in sales, purchasing, production 
control, inspection, and accounting usu¬ 
ally employ the principles of division of 
labor and specialization of labor. Thus, 
one form Usually passes through a num¬ 
ber of hands before all the information 
is recorded or noted. These operations 
can be lined up in sequence within the 
office in many cases. (See Section 6 for 
examples of such charts.) 

6.1.4 Personal considerations. It is 
not uncommon for the location of offices' 
to be determined almost completely by 
personal preferences. A certain amount 
of prestige is involved in the location and 
assignment of space, and company policy 
may dictate that key individuals hie 
given their choice of offices before gen¬ 
eral assignments are made. The wise 
planning engineer will make a thorough 
study of office needs and the most desir- 
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FIG. 8.22 A TYPICAL PRODUCTION CENTER LAYOUT 
FOR STENOGRAPHIC POOL. 



From Imon, Factory Planning and Plant Layout, p. Ml. 
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able loeatioDS from the standpoint of 
functions performed and then proceed 
diplomatically to solicit opinions and 
preferences. He should be prepared to 
point out difficulties that will arise if the 
personal preferences will result in serious 
errors. 

6.2 SPACE ESTIMATION 

The space requirements for offices 

usually bear some direct relation¬ 
ship to the number of employees to be 
accommodated. Some general rules have 
been devised for estimating space needs 
purely pn the basis of the number of 
employees, but a more accurate estimate 
can be reached by making separate esti¬ 
mates of space for desks, filing, aisles, 


and private officest-Different functions 
within the same company require radi¬ 
cally different ratios of ^esks, chairs, file 
cabinets, and other office equipment. It 
is advisable to prepare a typical produc¬ 
tion-center layout for each different 
function to be performed and to multi¬ 
ply the space for each production center 
by the number of persons to be employed 
in that function (see Art. 5.4.3). Figure 
8.22 shows a production center for a 
function that requires an extra chair and 
a file cabinet, and with 40-inch-wide 
aisles between all desks. This function 
requires about 65 square feet. 

Figure 8.23 shows a typical private 
office for a junior executive. Its space, 
including half of a six-foot-wide aisle, is 
approximately 150 square iOet. 


PIG. 8.23 TYPICAL PRIVATE OFFICE DESIGNED FOR 
SPACE ECONOMY WITH EFFECTIVE AR¬ 
RANGEMENT. 
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From IresoQ, Factory Platinmif and Plant Layout, p. 265, 


riG. 8.24 FIRST FLOOR VLAN FOR MANUFACTURING 
company’s OFFICE BUILDING. 
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From Ireson, Factory Planning and Plant Layout, p. ISI. 


FIG. 8.25 SECOND FLOOR PLAN FOR MANUFACTURING 
company's OFFICE BUILDING. 
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The production-c«it$r area may be as 
low as 42 square feet, for a ffisgle desk 
and chair and half a four-foot*wide 
aisle, to around 100 square feet if wider 
aisles are used and if extra file cabinets 
are necessary. 

Space for private offices may run from 
less than 100 square feet for functional 
offices (see Figs. 8.24 and 8.25) to over 
500 square feet for major executives. The 
trend is away from exceptionally large 
private offices to more modest offices and 
the provision of one or more conference 
rooms to be used for meetings involving 
five or more persons. 

An example of the space estimate for 
a certain department follows: 


Private offices 2 10' x 12' 

240 sq ft 

General office 


10 desks (desk, 2 chairs) 


6'x8' 

480 “ 

Filing section 


1 vault 10' x 16' 

160 “ " 

25 file cabinets, 6 sq ft each 

150 “ “ 

Lockers 16 4 sq ft each 

64 " “ 

Aisles (not accounted for in 


previous estimates) 


Main 5' x 30' 

150 “ " 

Cross 3' X 40' 

120 “ “ 


Total 1,364 sq ft 

Use area approximately 
35' X 40' or 30' x 50' 


6.3 OFFICG LAYOUT 

There are a few principles to guide 
the arrangement of the furniture 
and equipment in offices. Consideration 
of these principles will help to assure 
that offices will be efficient and com¬ 
fortable. These principles are: 

1. Provide sufficient aisles to prevent 
work interruption by persons entering 
and leaving the area. Provide aisle access 
for each desk. 

2. Divide offices and functions so that 
distracting traffic will be minimized m 
each office. 

3. Arrange desks and work tables so 
that both natural and artificial light fall 
on Uie desk from the same general angle. 


4. Have the worker’s back or auto 
to the windows, never have worker fac¬ 
ing windows. 

, 5. Arrange desks back to front (all 
in the same direction) unless the func¬ 
tions require constant collaboration of 
more than two persons. 

6. Locate functions that require fre¬ 
quent visitors nearest the entrance of 
each office. (In most cases, this will be 
the chief person in each office group.) 

7. Locate filing areas in the less desir¬ 
able space, but convenient to those using 
them most frequently. 

8. Do not locate file cabinets along 
heavily traveled aisles. 

9. Locate functions requiring greatest 
concentration away from main aisles, 
entrances, conference areas, and other 
distracting influences. 

10. Try to avoid placing the front of 
a desk against a wall. 

Figures 8.24 and 8.25 show the first 
and second floors of a typical factory 
office building. Some desirable features 
and some undesirable features are il¬ 
lustrated in these figures. For example, 
since purchasing has more visitors 
than the sales department, their loca¬ 
tions should be exchanged. The vault is 
located in desirable office space and could 
be relocated in less desirable space. File 
cabinets are located along principal aisles 
in the accounting department. On the 
other band, functions that require most 
frequent visitors from the factory area 
or from outside are located on the first 
floor. Desks and drafting tables are 
properly oriented with the windows. The 
central corridor and centrally located 
stairs, elevator, and washrooms help to 
control the traffic on each floor. Wash¬ 
room facilities are on alternate floors for 
men and women, and are adequate for 
the number of employees on the two 
floors. The floor space per person on the 
two floors is approximately 165 square 
feet, but these two floors contain a large 
number of private offices, a large confer¬ 
ence room, and a drafting room, all of 
which increase the per capita amount. 
The floor space is used efficiently. 
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7 . MA1SRIAL8 RAKOLING 

7.1 IMFOBTANCS OF MATERIALS 

HANDLING 

Materials handling is an inevitable 

part of every mannfactnring plant. 
The magnitude of the problem is indi¬ 
cated by the fact that the cost of mate¬ 
rials handling in all forms accounts for 
from 20 to 50 per cent of the total cost 
of converting the raw materials into the 
finished product. It is not uncommon for 
each part to be handled as many as 50 to 
60 times before it is in final form and 
shipped. These facts alone are sufficient 
to prove that the materials-handhng 
system should be given exhaustive study 
whenever a new factory is being planned 
or an existing one is being ren odeled. 

The cost of materials handling arises 
from two sources; (1) tlje cost of own¬ 
ing and maintaining equipment and (2) 
the cost of operating the system. In gen¬ 
eral, higher investments in mechanical, 
semi-automatic, or automatic handling 
equipment are justified by the reduction 
of operating costs resulting from the bet¬ 
ter equipment. If the reduction in oper¬ 
ating costs is greater than the increase 
in other costs, a net saving has been 
obtained. This is the usual attack on the 
problems of high handling costs in exist¬ 
ing plants, but another attack, often 
overlooked, is available. That attack 
analyzes the selection and arrangement 
of the production facilities and attempts 
to eliminate the need for separate han¬ 
dling facilities. 

The first objective, then, should be 
to select the most suitable production 
equipment and so arrange it within the 
factory buildings that the need for ma¬ 
terials handling will be eliminated as far 
as practicable. The second objective 
should be to select the materials-handling 
system that will accomplish the required 
handling at the lowest over-all cost. It 
is obvious that successful factory plan¬ 
ning requires the simultaneous considera¬ 
tion of materials-handling problems, the 
selection of production equipment, and 
the arrangement of physic^ facilities. 
These factora are inseparable. 


7.2 TERMINOLOGY OF MATERIALS 

HANDLING 

Certain terms will be used in the 

following sections that have special 
meanings with regard to materials hsm- 
dling. Some of these terms are commm;^ 
used in the industrial vocabulafv. 
whereas others are subject to contro¬ 
versy. 

^ Materials kandHna : Any movement of 
materials, vertically, horizontally, or 
both, manually or mechanically, in 
batches or one piece at a time, 
fc TransyoH : * The movement of a lot 
nr'batch oFproduct from one production 
center or storage area to another produc¬ 
tion center or storage area. The purpose 
of transport is to locate the product for 
additional operations or storage. Trans- 
port i s usually aspomplish^d by3?^® 
"men^ and/or materiab-handling equip- 
men^ 

, '^Transfer: The movement of pieces, 
singly or in small quantities, from a con¬ 
tainer to a machine where the operation 
is performed and back into another con- 
tainer. This handling is usually per¬ 
forme d By thgjtnachine operator, and is 
not'Tormaffy chafed against ithe cort 
of matenals handling. 

'“"Almost all materials are handled in 
either bulk or packaged form. Thi s clas ¬ 
sificat ion is useful in selecting a~^ tutabl e 
handlin g system for the particulaT ma¬ 
terial. 

"^ ISidk materi als : Any materials that are 
oose and handled in quantities without 
being contained in bags, boxes, barrels, 
and the like. Materials-handling equip¬ 
ment for bulk materials supplies the tem¬ 
porary container, and the movement 
takes place by means of features such 
as pipes, buckets, belts, chutes, and 
tubes. The material is usually deposited 
in a bin, tank, elevator, or other con¬ 
tainer, from which it is fed into the 
processing equipment. 

Packaged materials: Materials con- 

* It is believed that Pre ben Jeasen , a con¬ 
sulting engineer in " h'fl.nd »ing, 

originated the \ise of the terms transport 
and transfer, with the limitation of a 
movement of five feet on transfer. 
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tained in convenient-i^i»d paekagee, such 
as bags, boxes, crates, eartons, cans, bar¬ 
rels, or other types of containers that 
can be handled as individual pieces by 
the matenals-handling system. 

4 Unit lojd: A certain number of pack- 
ageSTmiits mounted together on a skid, 
pallet, platform, or skid-box for move¬ 
ment as a single unit. The unit load may 
be made up of a certain number of indi- 
^dual pieces secured to a pallet or 
deposited m a box. It is most frequently 
us^ in connection with fork lift trucks 
and for purposes of warehousing, rail, 
and ship movement, but may be used 
with bulky items in manufacturing oper¬ 
ations 

^ Rehandle': A term applied to the 
movement of a piece, package, or unit 
load. Rehandle consists of the pick-up, 
move, and set-down. The term is most 
frequently used in analyzing handling 
operations to discover unneces.sary or 
excessive handlings that can be elimi¬ 
nated. 


"'^7.2 PRINCIPLES OF MATERIALS 
HANDLING 

Principles of materials handling— 
qualitative statements that are 
generally true—can be used to guide the 
analysis of and the decision regarding a 
handling problem. The purpose of the 
principles is to prevent serious mistakes 
resulting from oversights or incomplete 
examination of a problem. The principles 
do not give the solution; rather, they 
point out important considerations in the 
solution. In fact, .«ome of the principles 
tend to be contradictory, but even these 
perform the useful function of emphasiz¬ 
ing that the conditions unique to one 
problem must be analyzed from two or 
more entirely different viewpoints. 

The following principles have been 
adapted from those contained in 
Stocker’s Materials Handling* and from 
the author’s own experience. 

* Harry E. Stocker, Materials Handling, 
2nd ed. (New York: Prentice-Hall, Inc., 
1 % 1 ). 


1. The objective of materials-handlmg 
analysis should be the elimination of the 
necessity for handling as a separate func¬ 
tion. 

2. Methods studies should be used to 
determine the best equipment and han¬ 
dling methods for the particular condi¬ 
tions encountered (see Section 6). 

3. Engineering economy principles 
should be employed to select the most 
economical alternative method or equip¬ 
ment when methods studies are not con¬ 
clusive (see Section 3). 

4. The prospective economy in mate¬ 
rials handling will not be obtained unless 
the handling functions are coordinated 
with the other activities of the plant by 
efficient control systems (see Section 6). 

5. ‘ Operating economy is obtained by: 

a. Reducing idle or terminal time of 
handling equipment to the minimum. 

b. Increasing, the size of the unit han¬ 
dled or the unit load. 

c. Employing powered, mechanical 
equipment to perform the moving task. 

d. Replacing obsolete equipment and 
methods with the most economical sub¬ 
stitutes. 

e. Employing vensatile equipment that 
can be used for several handling jobs. 

f. Selecting equipment of standard de¬ 
sign instead of specially designed and 
built equipment. 

g. Reducing the ratio of the dead 
weight of the equipment to the live 
weight of the load to a minimum. 

h. Increasing the speed of the handling 
function without corresponding increases 
in other operating costs. 

1 . Providing inspection and preven¬ 
tive maintenance to reduce failures and 
emergency repairs. 

j. Maintaining safe working conditions 
and training materials handlers in safe 
practices. 

k. Substituting mechanical controls, 
timers, and actuators for human oper¬ 
ators. 

6. The economy of materials-handling 
systems is measured by the cost of han¬ 
dling per ton or unit for a specific move¬ 
ment. 

7. Materials-handling costs increase 
with an increase in distance handled, but 
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K = fixed costs ownership, 
pickup and setdown. 
L = costs variable with 
distance of travel, 
d = distance of travel. 


FIG. 8.26 TYPES OF COSTS CUBVES FOR VARIOUS 
MATER«ALS-HANDLING DEVICES VERSUS 
THE DISTANCE FOR A PREDETERMINED 
UNIT LOAD. 


the rate of increase differs with the sys¬ 
tems and is not necessarily uniform rela¬ 
tive to distance (see Fig. 8.26). 

8. Materials should be moved by 
gravity whenever the economies thus 
obtained are not counteracted by extra 
costs of factory facilities or operating 
labor. 

9. The system selected should provide 
for flexibility to accommodate changes in 
output, products, or layout. 

10. Whenever materials-handling 
methods affect production or factory 
costs, the combination that minimizes 
the total of such costs should be selected* 

11. Whenever possible, the handling 
system should be combined with the pro¬ 
duction equipment so that transport and 
transfer are accomplished without hu¬ 
man assistance and without, process 
interrupt’on. 

7.4 ANALYSIS OF MATERIALS- 
HANDLING PROBLEM 

The solution of any materials- 
handling problem requires the ac¬ 
cumulation of a large amount of facttial 


data and their analysis relative to the 
particular plant and production condi¬ 
tions. This analysis can best be per¬ 
formed when the collection and analysb 
of the data follow a logical pattern. Such 
a pattern will include the following 
items. 

1. Plant factors. 

2. Methods factors. 

3. Products and materials. 

4. Present handling methods and 
equipment. 

5. Proposed handling methods and 
equipment. 

6. Cost data and economic analysis. 

7.4.1 Plant factors. Plant factors refer 

to all the conditions of the building and 
the layout as they now exist or as they 
are proposed to be. The analyst needs to 
have data on the size and relative loca¬ 
tion of buildings and interior features 
such as column spacing, location of 
doors, elevators, stairs, and columns, floor 
load capacity, ceiling heights, aisles, pip¬ 
ing and power circuits. These conditions 
establish the plant restrictions within 
which the materials-handling system 
must function. They in turn l:^ome re- 
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Btrietions upon the types of handling sys¬ 
tems and equipment that can be oper¬ 
ated within the plant. It is important for 
the analyst to know which conditions 
must remain as they are and which can 
be altered to accommodate a more eco¬ 
nomical system. 

7.4.2 Methods factors. Methods fac¬ 
tors encompass all the details of produc¬ 
tion methods, equipment, processes, se¬ 
quence of operations, production plan 
(whether interruptible or continuous), 
temporary storages, volumes to be han¬ 
dled, and so forth. These methods factors 
describe the materials-handling problems 
against a background of space, machines, 
weights and volumes of materials, and 
operators, so that the engineer can estab¬ 
lish the specifications for a satisfactory 
materials-handling system. (Art. 7.5 
deals with the specifications for a system 
.in terms of the features required.) The 
methods employed in production impose 
special restrictions on the handling sys¬ 
tem. These restrictions can be used to 
eliminate whole groups of handling sys¬ 
tems, thereby simplifying the selection 
or indicating the methods that offer an 
opportunity for improvement or econ¬ 
omy. 

7.4.3 Products and materials. The spe¬ 
cific kinds of products and materials to 
be moved, and the volumes and distances 
of each move, provide the engineer with 
additional specifications for the system. 
The nature of the products, whether 
packaged or in bulk, fragile or rugged, 
dense and heavy or light and bulky, 
establishes the operating conditions to 
be met, and the quantities per period of 
time establish the load capacity and 
speed required of the system. Hazards or 
hazardous conditions are recognized, and 
protective equipment or measures are 
incorporated in the specifications. 

Not only the existing products and 
materials, but also the possible changes 
in them in the future, must be considered 
if the materials-handling system is to 
have the prospect of being economical 
over a reasonable period of time. Flexi¬ 
bility of the system is a guard against 
early obsolescence. 

7AA Present handBnig methods and 


equipment. If the present materials- 
handling problem is in an existing plant, 
it can be assumed that there is existing 
handling equipment and that it is either. 
inadequate, expensive to operate, or un¬ 
suited to the handling job. Before exist¬ 
ing equipment is scrapped and new 
equipment purchased, it is essential to 
realize that the problem may have come 
about as a result of poor utilization of 
the present equipment, or a plant layout 
that prevents its proper utilization, or 
both. Thus, the investigation of a mate¬ 
rials-handling problem should include a 
careful analysis of the effectiveness of the 
existing system. Points of failure, effec¬ 
tiveness of the coordination of handling 
with production, effects of layout on the 
utilization of the equipment and the 
coordination, and the results (in terms 
of cost) should be^determined. With this 
information, the engineer may be able to 
point out ways by which the existing sys¬ 
tem can be used effectively through such 
actions as relocation or re-layout of cer¬ 
tain departments or machines, the pur¬ 
chase of auxiliary equipment, the pur¬ 
chase of a few additional pieces of the 
same type, or the concentration of the 
existing equipment on jobs for which it 
is suited and the purchase of other types 
of equipment for the other han^ng 
tasks. 

7.4.5 Proposed handling methods and 
equipment. The fact that existing equip¬ 
ment can be used, apparently with satis¬ 
factory results, does not mean that this 
plan is necessarily the most economical. 
Only when the engineer has obtained 
all the data listed in the four preceding 
articles is he in a position to investigate 
the available materials-handling systems 
to find those that will satisfy the needs 
of the plant. It is axiomatic that the 
most economical solution cannot be se¬ 
lected unless all systems that will satisfy 
the requirements have been identified as 
alternatives. Thus, having formulated 
the problem and establish^ the specifi¬ 
cations for the handling system, the 
engineer will proceed to use every pos¬ 
sible source of information in order to 
obtain a complete catalog of functionally 
satisfactory systems, their first costs, 
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Operating characteristics, operating costs, 
^prospective lives, and so on. He will then 
anialyze the several systems and by pre¬ 
liminary economic analyeds will discard 
all but the two or three most economical 
systems. 

7.4.6 Cost data and economic analy¬ 
sis. With the number of alternatives re¬ 
duced to three or four systems, including 
the use of existing equipment as formu¬ 
lated in Art. 7.4.4, the analyst is ready 
to make exhaustive studies of the several 
systems. Complete cost information will 
be obtained from plants using similar 
equipment. Repair and maintenance 
histories will be accumulated. Firm bids 
on first cost and installation will be ob¬ 
tained. Irreducible advantages and dis¬ 
advantages of each alternative will be 
enumerated. Finally, a complete engi¬ 
neering economy study will be made that 
will include all the pertinent information 
regarding the systems;* and also the 
effects of taxes, insurance, and depreci¬ 
ation or amortization. The resulting 
amounts are comparable and, the ir- 
reducibles being equal, the system that 
gives the lowest prospective cost will 
be selected. Since this final selection is 
usually not made by the engineer but 
by the management, it is very important 
t^t the study be complete in every re¬ 
spect and present the proposals in clear, 
understandable language. 


7.5 FEATURES OF MATERIALS- 

HANOLING SYSTEMS 

The selection of a materials-han- 

dling system involves two types of 
problems: (1) technical problems and 
(2) economic problems. Article 7.4 
treated these two problems in general 
terms. The technical problems are in¬ 
volved in determining which handling 
systems will satisfactonly perform the 
required handling function. The solution 
of the technical problems provides the 
several alternatives that are then ana¬ 
lyzed as economic problems. This article 
deals with the features of the handling 
system that are considered within the 
technical problems. The specifications 


for a technicidiy satisfactory system can 
be almost completely prescribed in terms 
of the following features. 

7.5.1 Flexibility. Flexibility of a mate- 
rials-handling system refers to its adapt¬ 
ability to change in operating condi¬ 
tions. These changing conditions involve 
different products of varying size, nature, 
shape and weight, changes in volumes to 
be bandied, new layouts, machinery, and 
production processes. Seasonal and cycli¬ 
cal changes in business, development of 
new or complementary products, obsoles¬ 
cence of products, shifts in markets, and 
obsolescence of production equipment 
are some of the common causes of 
changes in the handling problem. The 
greater the probability that these 
changes will occur, the greater is the 
need for a flexible materials-handling 
system. 

Flexibility of handling systems may be 
illustrated by such characteristics as; 

1. Ability to handle efficiently differ¬ 
ent sizes of packages simultaneously and 
at irregular intervals. (Rubber belt con¬ 
veyors, roller conveyors, fork lift trucks, 
tractor-trailer trains, spiral chutes.) 

2. Ability to be rearranged with ease 
to accommodate a different path of 
movement. (Fork lift trucks, roller con- 

. veyors on portable stands, and sections 
of powered conveyors, as opposed to 
overhead monorails, under-floor drag 
lines, or elevators.) 

3. Ability of standard equipment to be 
fitted with special jigs or fixture to do a 
specialized job that would otherwise re 
quire a specially designed system. (Mono- 
rail systems for finishing rooms with dif¬ 
ferent types of hangers to accommodate 

, widely varying sizes and shapes or prod¬ 
ucts through a sequence of operations.) 

7.5.2 Space requirements. All mate¬ 
rials-handling systems require space. 
Some require floor space constantly, 
whereas others use it intermittently. 
Some occupy vertical space that is other¬ 
wise unused. Trucks, trailers, and mobile 
equipment use aisle space that is also 
used for personnel traffic, but may re¬ 
quire that the aisles be larger than would 
otherwise be necessary. The selection of 
a system that makes the most economical 
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use of the available spate, both floor and 
vertical, may eliminate the need for 
building expansion. The storage facilities 
are usually integrated with the handling 
system,’ and the use of pallets, stacking 
bins, or mezzanine floors may double or 
triple the storage capacity, provided the 
handling system is properly selected. 
Through such related economies in the 
utilization of space, the materials-han- 
dling system can effectively expand the 
plant capacity without long-term com¬ 
mitment of capital funds in plant build¬ 
ings. 

7.5.3 Supervision. All materials-han- 
dling systems require some direction, 
coordination, and supervision to accom¬ 
plish effectively the assigned task. How¬ 
ever, as the systems progress downward 
from the completely automatic, continu¬ 
ous ones to the system of individually 
dispatched mobile units, the amount of 
human effort required for supervision 
increases rapidly. Since the cost of hu¬ 
man effort for supervision, coordination, 
and operation is a continuing annual ex¬ 
pense, it is profitable to use the most 
automatic system practicable for the 
existing conditions. Conditions that tend 
to indicate automatic or semi-automatic 
systems are; 

1. A stabilized line of products. 

2. Fairly uniform volumes or loads. 

3. Standardized tasks or fixed patterns 
of movement. 

4. A sufficient volume to justify the 
investment even if the several parts of 
the system are used only intermittently. 

In any semi-automatic or automatic 
systems, the probability of breakdowns 
and the consequences in lost production, 
cost of maintenance, and idle labor 
should be considered in making the final 
decision. 

7.5.4 Speed. The rate of movement of 
the conveying equipment plays a sub¬ 
stantial part in the determination of 
the most economical system. There are 
two points to be considered: (1) Should 
speed be fixed or variable? (2) Will the 
speed, in connection with the load ca¬ 
pacity, provide the required volume of 
movement? Whenever the system is to 
be an integral part of the production 


system, as in mechanically paced work, 
it is almost essential that the speed be 
variable. Poor quality of mateiials, 
“green” workers, absenteeism, and varia¬ 
tions in the production proce^ are other 
reasons for selecting a variable-speed 
mechanism. 

An increase in the speed of operation 
may permit the selection of a lower-ca¬ 
pacity unit, with lower investment. How¬ 
ever, the consequences of high speed, 
such as greater damage to materials, 
generation of heat, higher maintenance, 
and the hazards of a sudden breakdown, 
should be carefully weighed against the 
advantages. 

7.5.5 Power. The nature and location 
of the movement may limit the handling 
equipment to the use of certain kinds 
of power. Mobile units with unlimited 
range must have self-contained power 
units, internal combustion engines, or 
batteries. Fixed svstems, with limited 
areas of service, may use gravity, elec¬ 
tricity (line), hydraulic power, or in¬ 
ternal combustion engines. Both the in¬ 
itial investment and the cost of the 
power or fuel vary with the type of 
power used. Restrictions on the use 
of certain power sources (i.e., the use of 
gasoline engines in enclosed space or 
areas containing explosive materials) 
may eliminate the possible use of the 
most economical or most satisfactory 
system. 

7.5.6 Path of movement. The path of 
movement can be classed as either fixed 
or variable, and, if variable, as limited 
or unlimited. Certain materials or parts 
follow the exact path through a plant 
and go through the same sequence of 
operations. The path of movement is 
fixed, and handling systems that provide 
fixed paths of movement, such as the 
roller conveyor or overhead chain-driven 
monorail, can be used for continuous or 
intermittent movement of materials over 
this path. 

If the volumes are limited, and if the 
same handling units must serve many 
different materials or parts, the path of 
movement must be variable. T^ path 
is limited variable if the movement is 
to be confined to some relatively anall 
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4rea. Examples of tbe limited^variable 
path include the use of drag lines to 
handle bulk materials (as from a coal 
storage bin into a power plant), a 
bridge crane that provides completely 
variable movement within the limits of 
its runway, sectional conveyors that can 
be readily shifted about within a ware¬ 
house, and conveyor systems that in¬ 
corporate a good switching system to 
permit a large number of different move¬ 
ments. Unlimited-variable paths require 
the use of mobile units, such as fork 
lift trucks, tractor-trailer trains, hand 
trucks, and mobile cranes. 

Variable-path equipment generally re¬ 
quires greater supervision and coordina¬ 
tion, in order to effect the desired move¬ 
ments on schedule, than does the fixed- 
path or even the limited-variable-path 
equipment. On the other hand, it is al¬ 
most axiomatic that fijed-path equip¬ 
ment can only be used in connection 
with line or product layout. 

At the same time that the path of 
movement is considered, it is important 
to analyze the possibilities of performing 
both the transport and transfer func¬ 
tions with the handling equipment. It 
is impossible to enumerate all the possi¬ 
ble methods of accomplishing this ob¬ 
jective. Some are very simple and others 
are elaborate and very costly. The na¬ 
ture of the product, the nature of the 
operation or process, the volumes to be 
handled, and relative time standards for 
successive operations are factors that 
enter into the analysis and the design of 
such a system. 

Temporary storage of materials on the 
handling system is one way of eliminat¬ 
ing rehandlings. This possibility should * 
be studied along with the determination 
of the path of movement. 

7.5.7 Load capacity. The term load 
capacity refers to the ability of the 
equipment to carry a certain load. Un¬ 
fortunately, however, all equipment is 
not rated on the same basis. Most con¬ 
veyors are rated upon the safe load in 
pounds per foot of length. Fork lift 
trucks, trailers, and shop trucks are 
rated by the weight that they will carry. 
In the ease of the fork lift trucks, this 


wei^t is specified at a certain distance 
from the face of the forks, but actually 
is determined by the distance from the 
center of the front wheels to the center 
of gravity of the load. Different types of 
fork triicks with the same rated capacity 
may have very dissimilar actual load 
capacities. 

In the case of troughed belt conveyors 
or screw conveyors, the nature of the 
bulk material, size of particles, density, 
and angle of repose determine how much 
of the material can be moved xinder 
various conditions and by different sizes 
of conveyors. 

It is the combination of the load ca¬ 
pacity and the speed of the equipment 
that really defines the output capacity of 
the handling system. 


7.6 SELECTING THE HANDLING 

SYSTEM 

There are literally hundreds of 

available materials-handling sys¬ 
tems of standard design from which to 
choose two or more technically satis¬ 
factory systems for complete economic 
analysis. Since it would be economically 
impracticable to make a complete study 
of every possible system, it is essential 
to eliminate a large number of systems 
quickly and easily without running any 
serious risk of eliminating one of the 
more economical ones. It is for this 
reason that Arts. 7.4 and 7.5 have em¬ 
phasized, first, the collection of the 
necessary information to enable the en¬ 
gineer to completely understand the 
handling problems, and, second, the spec¬ 
ification of the features that will make 
up a technically satisfactory handling 
system. By following these ideas and 
by using a check list such as that shown 
in Fig. 8.27, the engineer is able to lo¬ 
cate quickly the types of handling equip¬ 
ment that satisfy the requirements. It 
will be noted that the features described 
in Art. 7,5 are repeated in the headings 
of -Fig. 8.27, and that check marks iden¬ 
tify the properties of each of the more 
common handling devices. 

Since each type of equipment is manu- 
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From Ireson, Factory Planning and Plant Layout, p. 171. 


FIG. #.27 TABULATION OF FBTNCIPAL TYPES OP 
MATEEIAIJS-HANDLING EQUIPMENT, WITH 
CHARACTEBISTICS AND FEATURES. 
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factured by a number of different com¬ 
panies, the engineer is faced with the 
problem of selecting the equipment of 
a specific manufacturer after he has 
selected the basic types. Slight differ¬ 
ences in design details, sizes, construc¬ 
tion, materials, weight, available services, 
and so on, account for the differences in 
initial cost of the same basic type from 
different manufacturers. As far as possi¬ 
ble, the engineer should evaluate these 
differences in terms of initial cost, main¬ 
tenance and repair, and operating costs, 
and should base his decision on the en¬ 
gineering economy study. However, 
many of these differences will not be 
reducible to monetary terms, and must 
be handled as irreducibles in the final 
analysis. 


7.7 MATEEIALS-HANDI4NG EQUIP¬ 
MENT 

It is impracticable to attempt to 
discuss in this volume the many 
types of handling equipment. Every dif¬ 
ferent kind of equipment has certain 
merits relative to certain handling prob¬ 
lems, and manufacturers are daily add¬ 
ing new designs, new features, and im¬ 
provements in utility, and are deleting 
obsolete systems from their lines. The 
reader is urged to refer to recent publi¬ 
cations for up-to-date information on 
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rent technical data on all types of han¬ 
dling systems are readily available in 
the annual Flow Directory. 

* Mechanical Handling, The Louis Cas- 
sier Co. Ltd., Dorset House, Stamford St., 
London, England; Modern Mateiials Han¬ 
dling, 795 Boylston Street, Boston 16, 
Mass.; Flow Magazine, 1240 Ontario 
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chinery and Accessories, published annu¬ 
ally by Flow Magazine. 
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Inc., 638 Phillips Ave., Toledo 12, Ohio; 
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Assoc., 1129 Vermont Ave. N.W., Wash¬ 
ington 5, D. C.; Electric Industrial Tiuck 
Assoc., 3701 N. Broad St., Philadelphia 40, 
Penna.; Caster and Floor Truck Manufac¬ 
turers Assoc., 7 W. Madison St., Chicago 
2, Ill.; The Materials Handling Institute, 
Inc., 1108 Clark Building, Pittsburgh 22, 
Penna. 

t Factory Management and Mainte¬ 
nance, 330 We.st 42nd St., New York 18, 
N. Y.; Modern Industry, 400 Madison 
Ave., New York 17, N. Y.; Mill and Fac¬ 
tory, 205 E. 42nd St., New York 17, N. Y. 
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1. WHAT IS STANDARDIZATION? 
1.1 STANDARDS TERMS DEFINED 

1.1.1 Definition of standard. A 

standard is anything that we use 
to measure with. Webster’s New Collegi¬ 
ate Dictionary defines standard as “1) 
that which is set up and established by 
authority as a rule for the measure of 
quantity, weight, extent, value, or qual¬ 
ity, and 2) that which is established by 
authority, custom, or general consent as 
a model or example; criterion; test."* 
Thus in our everyday living we use the 
word standard in this general sense of 
measurement, whether we speak of 
standard of living, standard of conduct, 
or standard of value. We have a set of 

* By permission. From Webaier's New 
Collegiate Dictionary, cop 3 rright, 1949, 
1951, by G. A C. Merriam Co. 


measuring sticks in our mind that we 
use for comparison. Here we are con¬ 
cerned primarily with industrial stand¬ 
ards—the kind of measuring sticks we 
find in a company and its many sections 
as the day-to-day business goes on. 

1.1.2 Types of standards. Because 
there are so many different standards in 
industry, they are generally divided into 
two groups: 

1. Technical standards—those stand¬ 
ards that apply to the productive phases 
of the business, such as the materials, 
parts, products, supplies, manufacturing 
practices, procedures, and methods, test 
methods, drafting practices, nomencla¬ 
ture, abbreviations. These specify the 
what and the how of the business. 

2. Managerial standards—those stand¬ 
ards that apply to the administrative 
phases of the business, such as company 
policy, personnel procedure, accounting 
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systems, expendituie controls, perfonn- 
anee evaluation, safe practices, security 
regulations. These specify the who, when, 
and why of the business. 

1.1.3 Use of descriptive adjectives. 
Since a clear-cut division does not always 
exist between technical and managerial 
standards, some companies make no at- 
t«npt to separate them. They merely 
label their standards with appropriate 
adjectives, such as material standards, 
safety standards, drafting standards, and 
the like. 

1.1.4 Meaning of standardization. 

Standardization is the process of setting 
up standards. It is the organized proce¬ 
dure we go through to decide what the 
standard will be and then to have it 
accepted and used by everyone con¬ 
cerned. Sometimes it involves merely 
writing down the rules that apply to 
a situation as established by authority; 
other times it may require discussion and 
ultimate agreement as established by 
group consent. The end result is the 
establishment of a standard. The local 
fire department states that the lire doors 
on the spray room will be kept closed, 
and that becomes a mandatory, mana¬ 
gerial standard. The engineers agree 
after some discussion that CRS is cold- 
rolled, not corrosive-resistant, steel, and 
that becomes a voluntary, technical 
standard. 

1.1.5 Similar words. In particular in¬ 
dustries or activities, certain other words 
have come to be accepted as meaning 
generally the same thing as standard and 
standardization. Most of these terms are 
easy to identify if the above definitions 
and ideas are kept in mind. There are 
two, however, that warrant definition 
here: specification and simplihcation. 

1.1.6 Definition of specification. Spec¬ 
ification is defined in Webster’s New 
Collegiate Dictionary as "a statement 
containing a minute description or enu¬ 
meration of particulars, as of terms of 
a contract, details of construction not 
shown in an architect’s drawing, etc.”* 

*By permission. From Wahttei't New 
Collegiate Dictionary, copyright, 1949, 
1951, by G. A C. Merriam Co. 
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In every sense, then, a specification used 
repeatedly to meet a recurrent problem 
is a standard. In industry, the term is 
applied to materials, jobs, products, and 
so forth, as a matter of custom and 
should in these instances be considered 
synonymous with standard. A specifica¬ 
tion for a house, ship, or other product 
that is being produced only once is, 
however, not a standard specification. 

1.1.7 Meaning of simplification. Sim¬ 
plification is the reduction of variety by 
eliminating the unneeded. It is one of 
the procedures used in standardization 
and consists of removing from a list of 
items those that are deemed excessive, 
unnecessary, or redundant. 


2. WHO USES STANDAJRDIZATION? 
2.1 SOURCE OF STANDARDS 

2.1.1 Levels of standardization. 

Industrial standards come from so 
many varied origins that for purposes of 
general consideration they are classified 
according to their source and scope. 
Thus, we have four types or kinds of 
standards: 

1. Company 

2. Association and Society 

3. National 

4. International 

As we go down the list, it is apparent 
that the standard is effective in a larger 
and larger area. Consequently, its prep¬ 
aration and approval become bigger and 
bigger problems. For that reason, these 
groupings are frequently referred to as 
the “levels of standardization” in con¬ 
sidering the field as a whole. 

2.1.2 Interchonga of standards. If any 
level can be held as the most important, 
it is the company, for there are no 
industrial standards of any significance 
except those accepted and used by the 
companies. The companies are the con¬ 
sumers. Delivered to them every year 
are hundreds of standards from the 
organizations on each of these levels. 
In addition, the companies are pre- 
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paring standards for their own use, 
and to some extent sharing them with 
other companies and receiving standards 
in return. There is no restriction either 
in the amount or the kind. Every level 
feels free to concentrate or to expand 
its standardization activity and to work 
with other levels. This interchange and 
interplay mean an ever-increasing supply 
of standards and an ever-expanding 
coverage for them. 


2.2 COMPANY ACTIVITY 

2.2.1 Informal programs. Every 

company uses standards of some 
sort, but not every company has a for¬ 
mal standards program. Those that do 
not have an organized program tend to 
inherit or absorb standards from around 
them and to employ those that fit their 
operations or are required by them. 
Most often this activity is carried on by 
individuals in the company as a simple 
matter of “common sense,” without fan¬ 
fare or publicity. The companies in this 
group by far outnumber those that em¬ 
ploy standardization on an organized 
basis. Some of these companies feel that 
they do not have the time, money, or 
personnel to spare from more pressing 
tasks. Many others have never given any 
consideration to establishing a formal 
standards program. 

2.2.2 Formol programs. Standardiza¬ 
tion is not for the exclusive benefit of the 
large company that can indulge in it and 
indulge it. A list of the companies active 
in standardization is not a “Who’s Who” 
of American industry by any manner on 
means. Whether large or small, the com¬ 
pany executives have the same decision 
to make: "Do we organize our pr^nt 
use of standards and receive the addi¬ 
tional benefits of such activity, or do we 
leave well enough alone?” The extent of 
the activity to begin with, and its sub¬ 
sequent growth, are matters of policy for 
each company. To help in answering 
these questions, a more detailed treat¬ 
ment. is given to the company program in 
Art. 4. 


2.3 ASSOCIATION AND BOCIXTY 

2.3.1 Purpose. Much of the work 

of the company standards pro¬ 
gram will extend beyond the organiza¬ 
tional and geographical boundaries of 
the company itself. Many decisions will 
require cooperation and coordination 
with other companies. The natural ve¬ 
hicles for such participation are the 
trade associations and the professional 
and technical societies, with their indus¬ 
try-wide interest and membership. For 
that reason, many of these organizations 
are urged by their membership to main¬ 
tain an active interest in standardiza¬ 
tion, at least to the extent that it affects 
their operations. 

2.3.2 Procedure. The usual approach 
to standardization used by associations 
and societies is to establish a standards 
committee that (1) reviews the oppor¬ 
tunity for standardization, (2) appoints 
investigating sub-committees as needed, 
(3) presents the recommended standard 
to the membership for approval, and (4) 
publishes it for general use. 

2.3.3 Extent. At least 450 of the 3,000 
associations and technical societies in 
the United States are actively concerned 
with matters of standardization. A de¬ 
scription of these activities, as well as 
other pertinent information, has been 
prepared by Robert A. Martino for each 
of these organizations and is available 
from the Superintendent of Documents, 
Washington, D. C.* 

2.3.4 National Electrical AAanufoc* 
turers Association. A brief account of the 
work of NEMA should be of interest, 
since electrical products are so much a 
part of our every-day life. NEMA is a 
trade association of about 520 manu¬ 
facturers of equipment and apparatus 
used for the generation, transmission, 
distribution, and utilization of electric 
power. NEMA may be considered as 
an aggregation of product subdivisions 
called Sections, each representing manu- 

* Robert A. Martino, Slandarditation 
Activitiea of National Technical and Trade 
Oiganieatione (Washington, D. C.: Na¬ 
tional Bureau of Standards Miso. Pub. 
M169, 1941). 
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facturers of certain classes of products, 
such as motors and generators, steam 
and hydraulic turbines, transformers, 
wire and cable, switchgear, industrial 
controls, ranges, water heaters, and 
domestic appliances. 

The standardization activities of 
NEMA are guided by policies established 
by the Board of Governors. The follow¬ 
ing general statement of NEMA policy 
appears as a foreword to every NEMA 
standard; 

National Electrical Manufacturers As¬ 
sociation Standards are adopted in the 
public interest and are designed to 
eliminate misunderstandings between 
the manufacturer and the purchaser and 
to assist the purchaser m selecting and 
obtaining the proper product for its 
particular need. Existence of a National 
Electrical Manufacturers Association 
Standard does not In any respect pre¬ 
clude any member or non-member from 
manufacturing or selling products not 
conforming to the standards. 

The NEMA Bylaws define a NEMA 
standard as follows: 

A Standard of the National Electrical 
Manufacturers Association defines a 
product, process or procedure with refer¬ 
ence to one or more of the following: 
nomenclature, composition, construction, 
dimensions, tolerances, safety, operating 
characteristics, performance, quality, 
rating, testing and the service for which 
designed. 

Correlating the standardization activi¬ 
ties of NEAIA is the Codes and Stand¬ 
ards Committee, which supervises these 
activities by: 

1. Reviewing for approval, or for 
other appropriate action, all proposed 
standards, reports, or technical docu¬ 
ments, which are to be issued as having 
official NEMA approval, and 

2. Designating the pi-^rsonnel and su¬ 
pervising the activities of NEMA rep¬ 
resentation on all technical committees 
working with other standardizing or¬ 
ganizations, thereby assuring adequate 
repre.sentation and proper considera¬ 
tion of the diversified interests of the 
electrical manufacturer. 

In general, a NEMA standard origi¬ 
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nates in its product "Sections,” where 
a committee develops the standard, and, 
after approval of the Section as a whole, 
it is referred to the Codes and Standards 
Committee for complete review and final 
approval. 

NEMA has approximately 125 cur¬ 
rent publications covering standards on 
such varied items as brushes, terminals, 
sockets, lamp bases, wires, cables, in¬ 
sulators, transformers, circuit breakers, 
measuring instruments, electrical equip¬ 
ment, machinery and controls, and safety 
codes. 

NEMA is in contact with some 70 
associations and organizations for the 
purpose of cooperating in joint stand¬ 
ardization projects of mutual interest, 
such as; 

(a) Edison Electric Institute and the 
Association of Edison Illuminating Com¬ 
panies (standards for various electrical 
products used in the generation, trans¬ 
mission, and distribution of electrical 
energy). 

(b) American Welding Society (quali¬ 
fication of welding operators). 

(c) Joint Electron Tube Engineering 
Council (electron tube standardization). 

(d) National Machine Tool Builders 
Association (provisions for wiring and 
control of motors for machine tools 
and standardization of motors and other 
electrical equipment as applied to ma¬ 
chine tools). 

(e) American Standards Association, 
Inc. (development, approval, and pro¬ 
motion of American standards of in¬ 
terest to electrical manufacturers). 

(f) National Fire Protection Associa¬ 
tion (the periodic revision of the Na¬ 
tional Electrical Code and other safety 
standards). 

NEMA also cooperates with various 
governmental agencies, such as the Elec¬ 
trical Supplies Committee of the General 
Services Administration, Underwriters’ 
Laboratories, Inc., and other testing or¬ 
ganizations, and the Canadian Standards 
Association. 

2.3.5 American Society for Te/sting 
Materials. A brief description of the 
work of ASTM should also be of in terest, 
since the standards of this organization 
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have found their way into every com¬ 
pany in the country, ASTM was 
organized in 1898 and formally incorpo¬ 
rated in 1902 as a national technical 
society. Its specific purpose is “the 
promotion of knowledge of the materials 
of engineering, and the standardization 
of specifications and the methods of 
testing.” Over 1,000 technical committees 
are responsible for the development of 
standard specifications and tests and for 
keeping them up to date. The Society’s 
work is advanced by the presentation 
and subsequent publication of technical 
data in the form of papers, reports, and 
discussions. In its membership of over 
7,300 are represented (1) producers of 
raw materials and semifinished and 
finished products, (2) consumers of ma¬ 
terials, and (3) a general-interest group 
comprising engineers, scientists, educa¬ 
tors, testing experts, research workers, 
and so forth. Membership is held by 
individuals, companies, as.sociations and 
technical societies, governmental depart¬ 
ments, schools, and libraries. 

ASTM standardization applied to 
methods of testing and analysis recog¬ 
nizes that the properties shown by a 
material are dependent to a large extent 
upon the method of determination, and, 
in order that comparative results may 
be secured in widely scattered labora¬ 
tories, that standardized procedures are 
essential. ASTM is splendidly equipped 
to develop standard test methods, be¬ 
cause on its 80 main technical and ad¬ 
ministrative committees and their hun¬ 
dreds of sections are outstanding experts 
of the country in their technical fields. 

To develop specifications, as well, the 
ASTM committee organization is very 
well adapted, for each committee is made 
up of producers who are familiar with 
the limitations of the manufacturing 
processes, and of consumers who are 
fully acquainted with the requirements 
of the various uses to which the material 
is put. Before a standard is finally 
adopted by ASTM it has been given a 
rigorous examination in the committees, 
by the Society as a whole, and through 
actual use during the period of publi¬ 
cation as a tentative standard, since 


tentatives are recognized as embodying 
the latest thoughts and practices and 
are widely used throughout industry. 

A great amount of authoritative data 
concerning materials is brought out by 
the Society, either as an adjunct to its 
standardization work, or as the result of 
independent research. In fact, before any 
standardization is possible, some research 
is necessary. It is only after data from 
reliable tests are available that intelligent 
recommendations can be made in regard 
to the material in question. ASTM has 
over 100 separate research projects sup¬ 
porting its standardization work. The 
1,900 ASTM Standards are issued in a 
book of seven parts: 

Part 1—Ferrous Metals 
Part 2—Non-Ferrous Metals 
Part 3—Cement, Concrete, Ceramics, 
Thermal Insulation, Road Materials, 
Waterproofing, Soils 
Part 4—Paint, Naval Stores, Wood 
Part 5—Fuels, Petroleum, Aromatic 
Hydrocarbons 

Part 6—Electrical Insulation, Plastics, 
Rubber 

Part 7—Adhesive.s, Shipping Contain¬ 
ers, Paper, Soap, Water, Textiles 

ASTM collaborates with many organi¬ 
zations such as: American Society of 
Civil Engineers, American Society for 
Engineering Education, American So¬ 
ciety of Heating and Ventilating Engi¬ 
neers, American Society of Lubrication 
Engineers, The American Society of 
Mechanical Engineers, American Society 
for Metals, American Standards Associa¬ 
tion, Inc., Society of Automotive Engi¬ 
neers, American, Foundrymen’s Society, 
and dozens of leading trade associations 
and other technical groups, many 
branches of the government (particularly 
the National Bureau of Standards), and 
ail branches of the armed services. 


2.4 NATIONAL STANDABOIZATION 

2.4.1 importance of the national 
work. A centralizing force is essen¬ 
tial to coordinate and correlate the 
standards work of the hundreds of com¬ 
panies, associations, and groups in the 
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country, to prevent duplication of effort, 
and to bring together all interested 
parties. For the same reasons and in the 
same ways that companies seek assist¬ 
ance of the association and society, a 
vehicle is needed to solve standards 
problems on a nationwide basis. 

2.4.2 American Standards Associa¬ 
tion, Inc. The ASA was set up in 1918 
(then called the American Engineering 
Standards Committee) to serve as a 
central, national clearinghouse for stand¬ 
ardization work in the United States 
(see Fig. 9.1). It is a privately financed 
federation of over 1()0 national trade 
associations, professional societies, and 
consumer organizations, with a member¬ 
ship of more than 2,000 companies repre¬ 
senting a cross section of commerce and 
industry. The ASA does not initiate 
standards; rather, it provides facilities 


m 

and procedures to all groups working 
in the public interest for the develop¬ 
ment of voluntary American standards. 
ASA lends tremendous assistance in pro¬ 
moting the use of these standards. 

Through its organization and proce¬ 
dures, the ASA establishes the policy, 
methods, and machinery for the de¬ 
velopment and approval of American 
standards. Final approval rests in the 
Standards Council, which has jurisdic¬ 
tion over rules of procedure and the per¬ 
sonnel of committees, as well as over the 
scope of the projects under considera¬ 
tion. Reporting directly to the Standards 
Council and acting on its behalf are 
Correlating Committees which directly 
administer and supervise the develop¬ 
ment of American standards. The pro¬ 
cedures employed by ASA committees 
are truly democratic. Every group sub- 
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stantially concerned with a standard is 
guaranteed the right to participate in 
deciding what the provisions of a stand¬ 
ard shall be. Decisions are not made by 
simple majority vote, but rather by the 
concensus principle. Every effort is made 
to thrash matters out so thoroughly that 
a unanimous decision can be reached. 
The aim is national acceptance for 
American standards. 

The Sectional Committee Method, 
shown in Fig. 9.2, is one of the alternate 
procedures employed by ASA to meet 
the variety of conditions that exist in 
standardization work. Under these pro¬ 
cedures more than 1,100 American stand¬ 
ards and American safety standards 
have been developed by representatives 
of industry, government, labor, distribu¬ 
tors, and consumer organizations. 

2.4.3 Government agencies. The 
United States government has for many 
years been involved in phases of stand¬ 
ards work and has made important 
contributions to the standardization pic¬ 
ture in this country. 

2.4.3.1 National Bureau of Standards. 
According to the provisions of the Con¬ 
stitution, Congress has authority over 
weights and measures. After years of 
delay and an increasing demand for 
decisions and action, the Bureau of 
Standards was set up in 1901. The 
functions outlined in the enabling act 
were restated more explicitly in Public 
Law 619, 81st Congress, as follows: 

Sec. 2. The Secretary of Commerce 
(hereinafter referred to as the ‘Sec¬ 
retary’) is authorized to undertake the 
following functions: 

(a) The custody, maintenance, and 
development of the national standards 
of measurement, and the provision of 
means and methods for making meas¬ 
urements consistent with those stand¬ 
ards, including tl<c comparison of 
standards used in scientific investiga¬ 
tions, engineering, manufacturing, com¬ 
merce, and educational institutions with 
the standards adopted or recognized by 
the Government. 

(b) The determination of physical 
constants and properties of materials 
when such data are of great importance 
to scientific or manufacturing interests 
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and are not to be obtained of sufficient 
accuracy elsewhere. 

(c) The development of methods for 
testing materials, mechanisms, and struc¬ 
tures, and the testing of materials, sup¬ 
plies, and equipment, including items 
purchased for use of Government de¬ 
partments and independent establish¬ 
ments. 

(d) Cooperation with other govern¬ 
mental agencies and with private 
organizations in the establishment of 
standard practices, incorporated in codes 
and specifications. 

(e) Advisory service to Government 
agencies on scientific and technical prob¬ 
lems. 

(f) Invention and development of 
devices to serve special needs of the 
Government. 

The Bureau is authorized to “exercise 
its functions for the Government of the 
United States, for any State or municipal 
government \(''ithin the United States, 
or for any scientific society, educational 
institution, firm, corporation, or indi¬ 
vidual within the United States engaged 
in manufacturing or other pursuits re¬ 
quiring the use of standards or standard 
measuring instruments.” On this broad 
base of research and testing, the Bureau 
through the years has built up its activi¬ 
ties and has performed excellent service 
for the country. It has become recog¬ 
nized as the principal agency of the 
federal government for research in phys¬ 
ics, mathematics, chemistry, and engi¬ 
neering. It is concerned not only with 
the basic standards of mass, length, and 
time, but also with a wide variety of 
other standards in electricity, optics, heat 
and power, atomic physics, chemistry, 
mechanics and sound, organic and fibrous 
materials, metallurgy, mineral products, 
building technology, applied mathe¬ 
matics, electronics, and radio propaga¬ 
tion. In each of these areas, the Bureau 
has designed its functions to establish 
standards of measurement, quality, per¬ 
formance, and practice. 

Although the Bureau has no regulatory 
power, it has gained a high position in 
fundamental standards work through the 
high standard it has set for its work, 
the cooperation with individuals and 
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groups throughout the country, and the 
publication of its findings. 

2.4.3.2 Federal specifications. The 

federal Reifications program was initi¬ 
ated in 1921 and h^ operated under 
various procedures since that time. It 
was formally constituted as an element 
of the supply process under the direction 
of the Procurement Division, U. S. 
Treasury Department, in 1945. On Au¬ 
gust 9 of that year, the Director of 
Procurement issued Circular Letter A-99, 
establishing the Federal Specifications 
Board, to the heads of federal agencies. 
The Board was charged "with the prep¬ 
aration and revision of purchase speci¬ 
fications for supplies used by executive 
departments and establishments.” 

Representatives of the executive agen¬ 
cies concerned with supply, and the fol¬ 
lowing independent agencies—Veterans, 
Federal Security, and Federal Works— 
made up the membership of the Board. 
The Director of the National Bureau of 
Standards was appointed Chairman, and 
the Director of the (now) Standards 
Division, Federal Supply Service, was 
appointed Executive Vice Chairman. 

Approximately 78 technical commit¬ 
tees drawing membership from all gov¬ 
ernment agencies were created to develop 
federal specifications under the Board’s 
direction. Under the technical committee 
method of developing federal specifica¬ 
tions, preliminary drafts were circulated 
not only to government agencies, but 
also to representative manufacturers and 
nationally known technical societies for 
comment. 

With the passage of the Federal Prop¬ 
erty and Administrative Services Act of 
1949 (Public Law 152, 81st Congress), 
the functions of the Bureau of Federal 
Supply (formerly the Procurement Di¬ 
vision), together with the responsibility 
for developing federal specifications, 
were transferred to the General Services 
Administration. The Bureau of Federal 
Supply was designated the Federal Sup¬ 
ply Service of the General Services Ad¬ 
ministration. 

The Specifications Branch of the 
Standards Division, FSS, handled the co¬ 
ordination of federal specifications iech- 
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nical committee activities and provided 
each committee with a technical assist¬ 
ant to act as adviser, and to develop and 
write specification drafts and brief ab¬ 
stracts of government department com¬ 
ment. 

In April, 1952, the Administrator of 
General Services abolished various 
boards and committees, among them the 
Federal Specifications Board, and estab¬ 
lished an over-all board to “promote 
sound personal property management 
practices in Government.” This latter 
board is known as the Federal Supply 
Board. 

A new procedure, known as the As¬ 
signed Agency Method of preparing 
federal specifications, was inaugurated. 
Under this method, agencies having 
prime technical and procurement inter¬ 
ests in specific commodities are assigned 
the project of preparing specifications 
for those commodities. Assignments are 
made by the Federal Supply Service, 
General Services Administration, with 
the concurrence of the agencies involved. 
Federal specifications now numbering 
approximately 2,r)00 are mandatory for 
use by all federal agencies. 

Prior to the widespread availability of 
federal specifications, each federal agency 
found it neces.sary to establish its own 
specifications for the items it purchased. 
Since the inception of the specifications 
program, the National Bureau of Stand¬ 
ards, as a result of its research activities, 
has rendered a valuable technical service 
in the development of both departmental 
and federal specifications. It has con¬ 
tributed much technical leadership in the 
^federal specifications program. 

Working in conjunction with the Fed¬ 
eral Supply Service, the National Bureau 
of Standards conducts research and de¬ 
velopmental work on the federal specifi¬ 
cations program. It also collaborates in 
the development of test methods and 
conducts acceptance testing on the more 
complicated materials requiring exten¬ 
sive equipment and testing facilities. 

Because of the extensive volume of 
government purchases, federal specifi¬ 
cations have had considerable influence 
upon American industry. They are used 
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TABLE 9.1 VARIETY REDUCTION—EXAMPLES OF THE EFFECT OF SlMPLl' 
FIBD PRACTICE RECOMMENDATIONS (S.P.B.)* 


Title 


Adhesive plaster. 

Bell-bottom screw jacks. 

Cans for fruits and vegetables. 

Cast-iron radiators. 

Clinical utensils (aluminum and steel)... . 

Coffee grinds. 

Convectors. 

Copper and copper-alloy rod. 

Cotton jersey cloth and tubing for work 

gloves. 

Cut-tacks and small cut nails . 


Delivery cases for milk bottles. 

Eaves trough, conductor pipe and fittings 

Ferrous range boilers, and tanks. 

Files and rasps. 

Flat veneer products, spoons, forks, etc.. . 

Galvanized woven wire fencing. 

Glass containers for cottage cheese.. 

Grinding wheels. 

Heavy forged hand tools. 

Hospital & institutional cotton textiles. . . 

Iron body valves (pressure ratings). 

Loaded paper shot shells. 

Low-pressure lubricating devices. 

Low-pressure thermostatic radiator traps 

and float-and-thermostatic traps . 

Medical and surgical hypodermic needles 

Metal-cutting band saws. 

Pipe fittings (iron, brass and bronze) 
Pipes, ducts & fittings (warm air heating) 

Plumbing fixture fittings (housing). 

Rotary files and burs. 

Steel reinforcing bars. 

Surgical dressings. 

Surgical gauze. 

Surgical sutures. 

Tank-mounted air compressors to 10 
horsepower). 

Uoorificed radiator supply valves. . 

Vinyl and pyroxylin coated cotlou fabrics 

Vises (machinists’ and related kinds).. . 

Wire rope. 

Welded chain. 


S.P.R. 

Reduction in variety 

Per cent 

reduction 

No. 

Year 

From 

To 

85 

47 

26 

15 

42 

97 

47 

78 

27 

78 

165 

49 

200 

32 

84 

174 

47 

33 

17 

40 

240 

50 

(1) 

52 

— 

231 

48 

Dozens 

3 


238 

50 

1,000,000 

1,002 

09.8 

241 

50 

(1) 

103 

— 

194 

48 

11 

3 

73 

47 

49 

428 sizes 

185 

57 



423 pks. 

127 

70 

236 

49 

Dozens 

5 

.... 

29 

49 

no 

79 

28 

8 

50 

130 

13 

90 

6 

47 

661 

377 

43 

230 

48 

, 29 

8 

72 

9 

47 

2,072 

200 

70 

148 

47 

24 

4 

80 

46 

47 

715,200 

254,400 

64 

17 

47 

49 

21 

57 

74 

49 

459 

26 

94 

184 

47 

13 

4 

75 

31 

50 

4,067 

262 

94 

232 

48 

428 

274 

36 

244 

51 

(1) 

9 

— 

224 

47 

55 

22 

60 

214 

48 

127 

60 

53 

185 

47 

8,566 

2,969 

65 

207 

49 

5.080 

1,225 

78 

227 

47 

(1) finish 

3 

— 

233 

48 

2,000 

468 

72 

26 

50 

32 

11 

66 

133 

49 

5,000 

61 

90 

86 

47 

70 

26 

63 

239 

50 

(1) 

28 

— 

202 

48 

347 

12 

96 

243 

51 

(1) 

5 

— 

242 

51 

(vinyl) 76 

20 

73.7 



(Pyrox.) 88 

25 

71.6 

229 

48 

14 

8 

43 

198 

50 

352 

182 

48 

100 

47 

1,831 

1,214 

64 


* Courtesy Commodity Standards Division. 

Note (1). Too numerous to count. 
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not only by the federal government, but 
by state and local governments as well, 
and in many instances by industry either 
In their original or in modified form. 

2.4.3.3 Simplified practice. As part of 

Herbert Hoover’s program of waste- 
elimination in industry, the Division of 
Simplified Practice was established in 
the National Bureau of Standards, U. S. 
Department of Commerce, in 1921. The 
purpose of the Division was to establish 
procedures and facilities that would 
bring together all interested parties in a 
nationwide program to simplify lines of 
manufacture products, as, for example, 
an 84 per cent reduction in sizes and 
varieties of cans for fruits and vege¬ 
tables, from 200 to 32. This was a 

voluntary action on the part of all 

groups concerned—manufacturers, dis¬ 
tributors and consumers—with the Di¬ 
vision acting as a center* of assistance. 
The Division serves as publisher of the 
promulgated Simplified Practice Recom¬ 
mendations. More than 245 such recom¬ 
mendations have been is.sued, covering 
products in many fields. The Division, 
still operating under these principles of 
voluntary and complete representation 
and decision, is now a part of the 

Commodity Standards Division in the 
Department’s Office of Industry and 
Commerce. A list of effective Simplified 
Practice Recommendations is available, 
together with examples of nonessential 
variety, such as those shown in Table 9.1. 

2.4.3.4 Commercial standards. In 
1927, the Division of Trade Standards, 
patterned after the Division of Simplified 
Practice, was organized in the National 
Bureau of Standards to assist industry 
in the establishment of standards of 


quality of manufactured goods. The pub¬ 
lished standards are called commercial 
standards. 

Commercial standards cover termi¬ 
nology, types, classifications, grades, 
sizes, and use characteristics of manu¬ 
factured products, and describe standard 
methods of test, rating, certification, and 
labeling. Their purpose is to provide uni¬ 
form bases for fair comi)etition, and to 
assist industry in maintaining quality 
that will command the respect of pur¬ 
chasers. 

The function of the Department of 
Commerce in the establishment of com¬ 
mercial standards is that of a coordinat¬ 
ing and fact-finding agency to assist in 
ascertaining the desires of all concerned. 
Commercial standards are developed 
only upon written request of interested 
parties. The promulgation of a standard 
developed through the resulting coopera¬ 
tive action is dependent upon written 
acceptances from the trade representing 
a satisfactory volume of business in the 
commodity covered. Adherence to com¬ 
mercial standards by the industry is 
entirely voluntary, but when guarantees 
of conformance are made'by the manu¬ 
facturer or seller, that guarantee is a 
part of the sales contract. A list of 
commercial standards currently in effect 
may be obtained on request from the 
U. S. Department of Commerce, Wash¬ 
ington 25, D. C. 

2.4.4 Sister nations. Just as the ASA 

was created by industry to serve as a 
central national clearinghouse for stand¬ 
ardization work in the United States, so 
too have national standards bodies been 
.organized in 33 foreign countries listed 
in Table 9.2. Some of them are in- 


TABLE 9.2 FOREIGN COUNTRIES HAVING NATIONAL STANDARDIZATION 
BODIES 


Australia 

Denmark 

Italy 

Rumania 

Austria 

Finland 

Mexico 

Spain 

Belgium 

France 

Netherlands 

Switzerland 

Brazil 

Germany 

New Zealand 

Sweden 

Canada 

Hungary 

Norway 

Union of South Africa 

Chile 

India 

Pakistan 

United Kingdom 

China 

Ireland 

Poland 

Uruguay 

Czechoslovakia 

Israel 

Portugal 

USSR 


Yugoslavia 
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timately linked tQ their governments 
through financial support, representa¬ 
tion, and direction, but all aid materially 
in coordinating tlw industrial standards 
of their nations by avoiding duplication, 
eliminating conflict, and encouraging use 
of these standards. 


2.5 INTERNATIONAL STANDARDIZATION 

2.5.1 Importance of international 

work. The highest standardization 
work is that accomplished on an interna¬ 
tional level. The recognition of the 
interdependence of nations and of the 
importance of their interrelationships 
urges such work upon us, but difficulties 
of national language, customs, and pride 
make for almost insurmountable ob¬ 
stacles. Although the amount of stand¬ 
ardization on an international level has 
been limited, it has nevertheless been of 
major importance because of its wide 
influence. 

2.5.2 Weights and measures. In 1875, 
the Metric Convention established ways 
and means for international agreement 
on scientific data such as nomenclature, 
symbols, physical constants, temperature 
scales, and definitions, in addition to 
weights and measures. The results of its 
regular meetings have done much to 
facilitate the exchange of scientific data 
and technical information. 

2.5.3 Electrical equipment. In 1904, 
the St. Louis Electrical Congress recom¬ 
mended the formation of an organization 
for worldwide standardization in the 
electrical field. As a result of this sugges¬ 
tion, the International Electrotechnical 
Commission was organized in 1906. The 
Commission, through its committee 
meetings, has established standards for 
international symbols, resistance meas¬ 
urements, rules for rating machinery, 
nomenclature, voltages, heavy current 
systems, and motor specifications. 

2.5.4 Illumination. The International 
Commission on Illumination, started in 
1913, has made some attempts at stand¬ 
ardization of lighting systems and associ¬ 
ated technical problems. The work has 
been limited but has included definitions 
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of luminous intensity, fundamental quan¬ 
tities used in illumination and photom¬ 
etry, and uniform practices in lighting. 

2.5.5 Industrial practices. In spite of 
the limited success of the technical bodies 
in the international standardization of 
scientific data, and in spite of the diverse 
problems of the different industrial na¬ 
tions, the national bodies of many coun¬ 
tries have continually pressed for inter¬ 
national cooperation and standardization 
of industrial activities. 

2.5.5.1 International Federation of 
National Standardizing Bodies (ISA). 
After a series of meetings in the early 
1920’s, the national bodies of 21 nations 
joined in an International Federation, 
with headquarters in Basle, Switzerland. 
By 1939, work on 47 projects was under 
way, and substantial progress had been 
made toward securing international uni¬ 
formity in such diverse fields as 
photographic and acoustical standards, 
documentation standards for libraries 
(including microfilm techniques), limit 
systems for machine parts to provide 
for interchangeable fits, inch-millimeter 
conversion ratio, preferred numbers, 
paper sizes, and film standardization. 

2.5.5.2 Regional cooperation. For 
many years countries that are linked by 
common language, boundaries, and com¬ 
merce have engaged in joint standardiza¬ 
tion. In Europe, prior to World War II, 
the Dutch, Swiss, Swedish, Czechoslo¬ 
vakian, Austrian, and German standards 
bodies cooperated very closely. The 
same has been true of Canada and the 
United States, the United States and 
the Latin-Ainerican countries, and the 
United Kingdom, Canada, and the 
United States. In 1948, the latter group 
reached an agreement for standard screw 
threads to apply in each of the three 
countries. During World War II, these 
countries worked closely together on 
standardization matters and formed 
what was known as the United Nations 
Standards Coordinating Committee as a 
temporary body for international co¬ 
operation. Since this was prior to the 
end of the war and to the formation of 
the United Nations Organization, the 
words "United Nations” in the title of 



MDtNmtiAl STANMIIDIZATIOM «tl 


UNS(X do not indicate any affilia¬ 
tion with the UN. 

2.5J5.3 International Organization for 
Sta^ardization (ISO). In 1947, in 
Zurich, Switzerland, the first general as¬ 
sembly was held of the International 
Organization for Standardization (ISO), 
with a membership of the national bodies 
of 26 coimtries. The organization agreed 
to have as its official languages English, 
French, and Russian, and in many other 
respects to pattern its operation after 
the United Nations, llie governing 
bodies of the ISO are the General As¬ 
sembly, constituted by a meeting of the 
delegates nominated by the member 
bodies, and the Council, consisting of 
the President of the ISO and a represent¬ 
ative from each of ten member bodies. 
At least five member nations must indi¬ 
cate their interest in a project before 
it is initiated. Acceptance (A the resulting 
standards is voluntary. At its inception, 
the ISO agreed to assume and resume 
the work of the pre-war ISA and the 
war-born United Nations Standards Co¬ 
ordinating Committee. This work, 
coupled with the programs already 
offered by the member nations, means 
that there are 77 projects before the 
ISO, ranging from automobile parts to 
textiles. 


3. WHAT GOOD IS STANDABI>- 
IZATION? 

3.1 VALUE OF STANDARDIZATION 

Every person in industry today is 

generally aware of the benefits of 
standardization. Increasing the use of 
standard or interchangeable parts in a 
line of products has become a routine 
economy with many. This is only the 
beginning of what standardization can 
do for a company and an industry. More 
numerous and even greater advantages 
may be obtained from standardization 
when the program is effectively or¬ 
ganized on a company-wide basis. Some 
of these benefits in different parts of a 
business are here detailed. 


3.2 BENEFITS IN FURCHASING 

3.2.1 Establishment of specifica¬ 
tions for materials, parts, and 
supplies 

a. Rotttinizes purchasing activities. 

b. Makes every purchase truly com¬ 
petitive 

c. Ehminates buying “special” lots. 

d. Eliminates costly brand names. 

e. Promotes understanding with sup¬ 
pliers. 

f. Reduces returns. 

g. Simplifies purchase orders. 

h. Eliminates explanatory letters, tele¬ 
phone calls, sketches, conferences. 

i. Simplifies receiving and storing 
procedure. 

j. Simplifies requisition forms and 
procedure. 

3.2.2 Reduction of variety of mate¬ 
rials, parts, and supplies. 

a. Permits buying of larger quantities 
at lower prices. 

b. Permits making of contract ar¬ 
rangements for a production period. 

c. Reduces investment in inventory. 

d. Reduces storage space, facilities, 
and materials handling. 

e. Permits routinizing of office meth¬ 
ods, paper, and procedures. 

3.2.3 Simplifying routine purchases 
and regular procedures. 

a. Frees personnel for additional activ¬ 
ities usually bypassed. 

b. Permits more adequate investiga¬ 
tion of irregular purchases of equipment, 
services, and supplies. 

c. Increases the effectiveness of pur¬ 
chasing personnel. 

d. Contributes to higher morale of the 
department. 

e. Reduces error and conflict. 


3.3 BENEFITS IN ENGINEERING 

3.3.1 Establishment of specifica¬ 
tions for materials, parts, and 
supplies. 

a. Reduce decisions in research and 
design. 

b. Permits investigation and eyalua> 
tion of substitutes. 
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0 . Accumulates dependable perform¬ 
ance data. 

d. Permits employment of standard 
drafting procedures. 

e. Reveals critical characteristics and 
their influences. 

f. Permits employment of standard 
production engineering practices and 
procedures. 

3.3.2 Establishment of standard engi¬ 
neering practices and procedures. 

a. Reduces confusion, error, and mis¬ 
understanding. 

b. Permits establishment and evalua¬ 
tion of uniform test procedures and 
methods. 

c. Aids training of personnel. 

d. Permits investigation and evalua¬ 
tion of new techniques. 

e. Accumulates data peculiar to the 
operations of the company. 

f. Tends to make design decisions 
more practical, efficient, and economi¬ 
cal. 

g. Gives direction to research activity 
and assures that results of research are 
put to use. 

h*. Helps to eliminate usually accepted 
trade practices that impede progress. 


3.4 BENEFITS IN MANUFACTURING 

3.4.1 Reduction in number and 
variety of manufactured products. 

a. Makes longer runs possible. 

b. Reduces equipment changeover and 
downtime. 

c. Makes specialized tools, equipment, 
and methods possible and justifiable. 

d. Reduces process inventory and ma¬ 
terials handling. 

e. Simplifies production record-keep¬ 
ing and scheduling. 

f. Simplifies personnel training. 

3.4.2 Establishment of standard proc¬ 
esses and procedures. 

a. Permits more adequate production 
control. 

b. Permits more effective quality con 
trol. 

c. Aids in the establishment of uni¬ 
form test and inspection technique. 
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d. Provides opportunity for study and 
evaluation of improved production tech¬ 
niques. 

e. Permits accumulation of production 
data p«;uliar to the company. 

f. Reduces confusion, error, and mis¬ 
understanding. 


3.5 BENEFITS IN MARKETING 

3.5.1 Reduction in number and 
variety of product line. 

a. Permits concentration of sales effort 
on profitable items. 

b. Makes for easier installation and 
service. 

c. Simplifies problem of replacement 
and repair. 

d. Reduces conflict between produc¬ 
tion and sales. 

e. Promotes understanding of produc¬ 
tion capabilities. 

f. Reduces special demands on pro¬ 
duction facilities. 

g. Permits comparison with competi¬ 
tors’ products. 

h. i&tablishes standard for consumer 
acceptance and approvah 

3.5.2 Establishment of standard'sales 
procedures and techniques. 

a. Permits better handling of customer 
requirements. 

b. Improves relations with the cus¬ 
tomer. 

c. Simplifies sales training. 

d. Eliminates confusion, error, and 
conflict. 

e. Permits comparison of sales effort 
by individuals or areas. 

f. Simplifies sales paperwork. 


3.6 BENEFITS IN OFFICE MANAGE¬ 
MENT 

3.6.1 Reduction in number and 
variety of forms. 

a. Eliminates unnecessary record¬ 
keeping and report-writing. 

b. Permits establishment of regular 
and routine activity. 
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e. Makes specialized equipment possi¬ 
ble and justifiable. 

d. Simplifies personnel training. 

e. Reduces inventory, storage, and 
handling problems. 

3.6.2 Establishment of standard office 
procedures and practices. 

a. Permits institution of methods of 
measurement, control, and improvement 
of paperwork. 

b. Permits investigation and improve¬ 
ment of existing forms. 

c. Eliminates confusion, error, and 
misunderstanding. 

d. Provides opportunity for investiga¬ 
tion and evaluation of equipment and 
methods improvement. 

e. Aids in reducing uncertainty, pres¬ 
sure, and fatigue. 

f. Increases the morale of the office. 

• 

3.7 BENEFITS IN TOP MANAGEMENT 

3.7.1 Establishment of operating 
standards for all sections of the 
business. 

a. Promotes employment of the “ex¬ 
ception principle.” 

b. Permits comparison of depart¬ 
mental and over-all operations. 

c. Removes need for recurring deci¬ 
sions on routine problems. 

d. Frees executive time for most im¬ 
portant decisions. 

e. Provides opportunity for develop¬ 
ment of middle management. 

f. Improves morale. 

3.7.2 Establishment of standard poli¬ 
cies for all sections of the business. 

a. Improves industrial and customer 
relations. 

b. Replaces doubt with decision. 

c. Provides goals and objectives for 
middle management. 

d. Establishes bases for management 
improvement programs. 

e. Provides opportunity for review 
and evaluation. 

f. Promotes coordination and control 
of the whole business. 

g. Promotes harmony in the whole 
enterprise. _ 
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3.8 DOLLAR SAVINGS FROM 
STANDARDIZATION 

3.8.1 ASA survey. The ASA under¬ 
took a survey representing 140 
documented case studies, covering 81 
industries and industrial products, for 
the purpose of compiling proof in terms 
of dollars or percentages of net savings 
attributable to standardization. 

- 3.8.2 General findings. A check list 
returned by 61 companies show these 
main fields where .savings have been 
achieved through standardization: 

1. The greatest number (over 75 per 
cent) derived savings from reduced in¬ 
ventories of m.aterials, parts and end 
products. Nearly the same number (72 
per cent) listed purchasing “larger quan¬ 
tities of fewer items” and use, in engi¬ 
neering, of “accepted standard specifica¬ 
tions” vs. “special .specifications” as 
sources of savings 

2. The next greatest number (67 per 
cent) gave “buying most economical 
quantities,” “use of industry, national, 
or other standard .specifications,” and 
“variety reduction and interchangeabil¬ 
ity” as sources from which they had 
derived savings. 

3. With the exception of economies 
derived from modular coordination the 
remaining items of the check list were 
maiked by from 26 per cent to 54 per 
cent of those returning the list. Of these 
items, “fewer materials and smaller va¬ 
riety of parts” and “minimum storage 
and warehousing costs,” stood highest; 
“economies of special-purpose machines” 
was lowest. 

4. Ten per cent indicated that they 
had derived savings from “modular co¬ 
ordination.” 

5. Forty per cent of the lists returned 
gave credit to standardization for 
“improved inter-departmental coordina¬ 
tion.” * 

3.8.3 Specific cases. Some specific 
examples of savings given by these com¬ 
panies are listed below. In fairness, not 
all the best examples have been chosen. 

* From “Dollar Savings Through Stand¬ 
ards,” published by the American Stand¬ 
ards Association. 
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But the fact that eai^tngs exist and are 
known, no matter their extent, is helpful. 

Figures show that in one year’s output 
of American automobiles over $800,000,- 
000 was saved for the manufacturers, 
and of course in cost to the public, be¬ 
cause of the large number of minor 
parts that have been standardized. 

A large motor manufacturer reported 
that a record was kept of the number of 
hexagonal head screws used in the vari¬ 
ous models which they.built. The reduc¬ 
tion in cost after standardization was 
$52,758.96 in one year. ' 

Ball bearing and electrical equipment 
manufacturers state that SAE standards 
have reduced production costs over 20 
per cent. 

A well-known case of a similar kind 
is that of an aircraft manufacturer who 
saved $268 per plane by substituting in¬ 
dustry standards for bolts in the place 
of special company standards. 

So many intangibles are involved that 
savings can only be “guesstimated." 
“Factory costs are reduced, probably, by 
1 to 3 per cent” writes a large manufac¬ 
turer of type-setting machinery. 

Standards are really the life blood of 
motion pictures, for without them there 
would be no motion picture industry. 

There is no doubt that standardiza¬ 
tion in the electric utility business is 
responsible for many of the fine econ¬ 
omies which we now enjoy. Also, it has 
made it possible for us to have more 
strict construction standards which re¬ 
sults in carrying a minimum of differ¬ 
ent kinds and types of materials in our 
storerooms. 

We regret that we have no informa¬ 
tion which will allow us to make an ap¬ 
praisal of the benefits in terms of dollars 
but we inherently know that they are 
substantial with us as with all companies 
employing the principles of standardiza¬ 
tion. 

Standardization of stationery and 
printing by a small eastern railroad was 
reported, in 1944, to have reduced the 
cost from $110,000 to $65,000 a year, a 
saving of 41 per cent. 

In a paper manufacturing establish¬ 
ment an increase in “percentage of per¬ 
fect” from 92 per cent to 96 per cent 
was achieved in seven months as a result 
of the application of quality control 
. standards. 

In a textile machinery factory, stores 


I* 

inventories were reduced 0 per eent 
within a space of four naonths. 

In a factory manufacturing cooking 
utensils, the reduction of storage and 
warehousing costs amounted to $184,- 
716.* 


4. HOW CAN STANDARDIZATION 
BE USED? 

4.1 COMPANY PROGRAM 

Standardization starts and ends in 

the individual company and in its 
everyday operations. The extent of its 
use is determined partly by the size of 
the company, but mostly by the attitude 
of its piersonnel. And of all its personnel 
the top executives of the company exert 
the main influence—influence on its 
emphasis, organization, activity, and 
support. Consequently, there are as 
many programs as there are companies, 
and it would be foolhardy here to state 
specifically that any particular company 
should do this or that. Rather, the pos¬ 
sibilities for its use within a given com¬ 
pany should be explored and pursued. 


4.2 PROGRAM LIMITS 

Since standardization has its limi¬ 
tations in our economic society, 
corresponding limits should be placed on 
standardization, particularly within the 
company. What those limits are is deter¬ 
mined by the specific situation, but the 
items in the following list should at least 
be given consideration: 

1. The customer must benefit as well 
as the manufacturer. 

2. The product should be standard¬ 
ized—not the commercial procedures or 
prices. 

3. The emphasis will be on physical 
and mechanical standards rather than 
on design characteristics. 

4. Quality is the key objective—mak¬ 
ing possible the culling out of substand¬ 
ard equipment. 


* From “Dollar Savings Through Stand¬ 
ards.” 
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TABLE 9.3 GETTING STABTiraD—SEVEN WAYS INTO A STANDARDS PltOGBAJi* 


1. Encourage and support ^orts to promote standardization within your industry. 

2. Review with suppliers the possibilities for purchasing items in fewer vsxietim but in 
greater volume. 

8. Enlist the active interest of all plant people in company standardization efforts. 

4. Get your own customers to agree on changes in the products you sell to permit wider 
use of interchangeable and identical components. 

5. Set up an alert organization to tackle the task of eliminating superfluous variety and 
to guarantee continuous, careful scrutiny of this problem. 

6. Study opportunities for standardization, not only in the products you sell but also in 
such purchased materials as maintenance and first-aid supplies. 

7. Start now, if only in a small way, to push standardization in your plant so that its 
benefits will be yours when the business of making a profit really gets tough. 

* Reprioted from the June 15, 1946 issue of Modern Induttry. 


5. At no time shall standardization 
involve an agreement not to build any¬ 
thing and everything and thus limit a 
justifiable choice on the part of pur¬ 
chasers. 

6. Engineering designs must not be 
frozen and thus prevent improvements 
such as reduction of sige, improvement 
of operating characteristics, etc. This is 
usually assured by the standardization 
of maximums or minimums, but not 
both. There is only the economic ceil¬ 
ing to the degree of quality which a 
manufacturer can supply. As that qual¬ 
ity increases, a new standard may more 
nearly describe a standard product and 
the standard itself should be changed. 

7. In any simplification by combina¬ 
tion, the standard adopted shall include 
the qualities and use features of the line 
eliminated. 

8. Support standardization with price 
benefits—with price additions consistent 
with costs for special features, and with 
service benefits such as exchange plans. 

9. Work constantly so to define and 
promote product uses and to simplify 
manufacture, design, and distribution on 
preferred sizes and types that the econ¬ 
omies of volume production can be 
realized. 

10. Encourage the sale of those 
specials which promise a reasonable vol¬ 
ume in order to meet necessary user 
requirements and to stimulate design 
improvements. 

11. In manufacture within the factcny, 
achieve simplification by maximum use 
of common parts, employment of meth¬ 
ods using common tools, utilization of 
preferred number series for fewer sizes, 
and standardization of suppliers’ ma¬ 
terials and parts.* 


4.3 STARTING POINT 

Every company has a set of stand¬ 
ards, even though that term may 
not be applied to them. The purchasing 
department has some purchase specifica¬ 
tions; the production group, some proc¬ 
ess instructions; the inspection section, 
some testing procedures; the accounting 
office, some paper routines; the sales 
department, some product catalogues. 
Every one of these and hundreds more, 
in even the smallest of companies, are 
standards in every sense of the word. 
The program begins with an analysis and 
organization of these existing standards. 

Of all vhese opportunities for the 
standardization effort, the best by far 
for a given company is the place where 
it is needed. A company seldom enters 
into standardization deliberately simply 
because it is a sound principle of man¬ 
agement. Standards work can always be 
traced to a need for which standardiza¬ 
tion was the answer. The purchasing de¬ 
partment may discover an increasing 
raw-material inventory of special items 
in small lots. The manufacturing division 
opens a new plant a thousand miles away 
from home and finds that process tech¬ 
niques are stored in the heads of the em¬ 
ployees at home. The sales department 
is saddled with a number of slow movers. 
The vendors are changing specifications 
until the engineers are swallowed up in 

« 

* From O. F. Vea, "What Are the Rea¬ 
sons for Standardizing Electric Motors?," 
Electrical Manufactvring, August 1945,108. 
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confusion. Every one of these is a prob¬ 
lem to the departments concerned but 
also is an opportunity for standardiza¬ 
tion. Once the need has been identified, 
standardization can be of service. 

A great help in starting standardiza¬ 
tion will be found outside the company. 
Visits to other companies active in stand¬ 
ards work, not necessarily within a given 
industry, will always inspire ideas and 
opportunities. The work already done 
within an industry by other organiza¬ 
tions, such as the trade association, tech¬ 
nical societies, government groujis, and 
the American Standards Association, 
should be compiled early in the pro¬ 
gram. The exiierieuce of others is al¬ 
ways valuable. 


4.4 THE STANDARDS ENGINEER 

The qualities of an effective stand¬ 
ards engineer, based on what he 
has to do, indicate that he must be: (1) 
particularly strong in the ability to han¬ 
dle human relations problems, (2) a good 
engineer, versed in the technical and pro¬ 
ductive problems of his company, and 
(3) an able administrator, capable of 
making competent business decisions. 

4.4.1 Qualifications of a standards 
engineer. 

A. Human Relations Skills 

1. An abundant feeling for and under¬ 
standing of people as individuals and 
in groups. 

2. A keen sensitivity to and apprecia¬ 
tion of the attitudes of people. 

3. An ability to cope patiently with 
the common human characteristics of 
resistance to change and resentment of 
criticism. 

4. A capacity to alleviate-conflicting 
views and opinions in a forthright man¬ 
ner. 

5. Consummate skill in obtaining 
agreeable cooperation from divergent in¬ 
dividuals and groujis. 

6. A natural quality for doing and 
saying the right thing at the right time. 


B. Technical Knowledge 

1. A well-rounded understanding of 
the fields of engineering basic to the 
company’s operations. 

2. A working knowledge of the specific 
technical problems of the company. 

3. An extensive familiarity with the 
equipment and proce.sses used in the 
company. 

4. A practical skill in basic engineering 
terms, techniques, and troubles common 
to the industry. 

C. Business Experience 

1. A general understanding of the 
relationships of all phases of the com¬ 
pany. 

2. A particular interest in the prac¬ 
tices and operations of other companies 
in the industry. 

3. An extensive knowledge of the 
operations of ’individual departments 
in the company— viz. purchasing, pro¬ 
duction engineering, manufacturing, and 
industrial engineering. 

4. A working knowledge of other de¬ 
partments in the company— viz. sales, 
accounting and finance, design, research 
and development. 

5. A developed ability based on suf¬ 
ficient .‘service in the company to make 
sound business decisions. 

6. A well-rounded capacity to accept 
responsibility, to display initiative, and 
to temper authority. 

4.5 ORGANIZATIONAL POSITION 

The decision to start a program of 
standardization should never be 
hampered by a fear of where to fit the 
standards engineer into the organization. 
On the basis of the specifications set 
down for this individual, he will probably 
be working in the company. The new 
standardization program should have a 
small beginning; the selected individual 
should probably be permitted to carry 
on a portion of his regular work at the. 
same time as be works into standardiza¬ 
tion. He should have relative freedom in 
his program and should seek his own 
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riG. 9.3 STANDARDS ORGANIZ.ATION—STANDARDS 
ACTIVITY ASSIGNED TO THE ENGINEERING 
DEPARTMENT. 


level in the organization. As the program 
grows and assumes increasing stature in 
the company, the problem of where to 
place the activity will disappear, for the 
answer will be self-evident. 

Obviously, the scope of the program is 
limited in time by its organizational as¬ 
signment. The standards engineer who 
reports to the chief production engineer 
will never find opportunity to carry out 
standards work in the sales department. 
Consequently, the standards engineer, 
from the beginning, should be encour¬ 
aged to cut across organizational lines 
somewhat to make his program com¬ 
pany-wide and not departmentalized. In 
a relatively short time, the universality 
of the. standards effort should be ap¬ 
parent and its worth to the company as 
a whole completely clear. Thus, the 
standards engineer, if he is not in a high 
place in the organization, should in time 
certainly report to a high place (see Fig. 
9.3). 


4.6 METHOD OF OPERATION 

The standards engineer works with 
problems that have a mutuality of 
interest and a complication of detail that 
force him to use several means of accom- 
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plishment. There will be, on the one 
hand, some pure routine activity vital 
to his program but involving decisions 
that rest exclusively with him. On the 
other hand, there will be decisions in¬ 
volving expenditures of money, obsoles¬ 
cence of inventory, scrapping of equip¬ 
ment, change, of procedures, and sundry 
eddy effects throughout the company 
that by their nature no one man could 
engineer or install. These two opposite 
extremes of his activity naturally suggest 
two opposed methods of operating the 
standards program—the individual or 
expert approach versus the committee or 
participation approach. Making contacts 
with other companies and groups that 
will help him in his program, and collect¬ 
ing standards peculiar to his industry, 
he can do himself. Converting his com¬ 
pany over to the new standard screw 
threads or simplifying and standardizing 
the product line, however, require com¬ 
plete coordination and control, full im- 
derstanding and cooperation. 

4.6.1 Committee approach. Some 
companies use the committee technique 
exclusively, with marked success. These 
committees range in responsibility all the 
way from policy-making down to work¬ 
ing groups that prepare standards. There 
is much to be said for the committee, 













since it serves severst functions at once— 
it provides participation, promotes un> 
derstanding, establialies agreement, and 
assures acceptance of the standards pro¬ 
gram. In a company that has the man¬ 
power and has highly developed and 
efficient committee-management rela¬ 
tionships in its makeup, it is only natural 
that standardization should receive the 
same treatment as other activities. 

Other companies who have tried to use 
the committee method have found it 
wanting. On the whole, committees are 
difficult to manage, particularly if they 
are expected to be productive. In those 
companies that have tried and failed, the 
problem always seems to be that of get¬ 
ting things done. The committee mem¬ 
bers were men already burdened with 
their own departmental duties and they 
reacted to standardization as another in¬ 
terference with their primary responffl- 
bilities. Many companies that have ex¬ 
perienced this frustration are dead-set 
against committees. Others have lost in¬ 
terest in standardization or have at least 
set up barriers to its extension. Some¬ 
times the program is simply handed to 
the standards engineer, who is expected 
to go it alone. 

4.6.2 Expert approach. The stand¬ 
ards engineer on his own is helpless. The 
very definition of standardization implies 
and demands that others be involved. 
Yet in too many companies the stand¬ 
ards engineer is fighting time and tide 
trying with all his might to put this 
standard in here and argue that one in 
there. He meets with limited success. He 
is the expert and is treated, as such by 
everyone—the know-it-all a long way 
from home. Yet once the way has been 
cleared, he moves quickly to action and 
results. 

4.6.3 Combined approach. For the 
average company, the goal is to capture 
the swift movement of the lone man and 
the slow deliberation of the working com¬ 
mittee. The decision of how much of 
each method the standards engiheer 
should use depends primarily on what is 
to be accomplished and on the human 
relations problems involved. These deoi- 


stons should be incorporated in his duties 
and responsibilities. 

4.6.4 Duties and responsibilities of 
the standards engineer. 

1. The standards engineer is charged 
with the total responsibility for the 
standards program, subject only to: 

a. Higher authority on matters of 
policy, expenditure, and scope. 

b. Company divisions on matters of 
content, use, and revision. 

2. The higher authority will be a 
formal committee on standardization 
policy composed of top executives. 

3. The company divisions may be 
one or more of the sections of the enter¬ 
prise that are expected to comply with 
the standard. Their compliance is to be 
contingent upon their acceptance and 
they may reject a standard for cause. 

4. The standards engineer will e.stab- 
lish a program of activity for the com¬ 
pany for a given period of time and 
submit it to higher authority for review, 
change, and comment. 

5. The standards engineer will break 
down his program into projects by com¬ 
pany interests and will have freedom to 
add or delete projects within the scope 
of the program approved by higher 
authority. 

6. The standards engineer will do all 
preliminary w-ork on each project: 

a. Gather facts pertinent to the proj¬ 
ect both inside and outside the com¬ 
pany. 

b. Make a tentative decision on the 
content of the proposed standard. 

c. Obtain opinions and data support¬ 
ing and refuting bis proposal both in¬ 
side and outside the company. 

d. Sponsor research, investigation, or 
tests to establish the validity of his pro¬ 
posal. 

e. Make such changes or corrections 
as may be deemed necessary. 

7. The standards engineer will sub¬ 
mit his proposed standard to all divisions 
of the company concerned for their ap¬ 
proval and acceptance. Depending upon 
the scope of the standard, he may: 

a. Submit it to each division head for 
his initials. 
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FIG. 9.4 NINE STEPS TO A STANDARD—THE PROCE¬ 
DURE FOLLOWED BY ONE COMPANY IN ITS 
STANDARDS DEVELOPMENT. 


b. Submit it to a committee of repre¬ 
sentatives of th^e divisions for their 
approval. * 

8. The standards engineer will revise 
any proposed standard not approved or 
any existing standard rejected by any 
division concerned with its provisions 
until it is approved. 

9. The standards engineer will keep 
such records, minutes, or data in connec¬ 
tion with each standard as will be re¬ 
quired to maintain a complete history of 
the standard. 

10. The standards engineer will be 
responsible for the publication, bind¬ 
ing, and distribution of accepted stand¬ 
ards. 

11. The standards engineer will be re¬ 
sponsible for active participation in the 
standardization work of trade associa¬ 
tion, professional group, technical so¬ 
ciety, and national association. 

These duties and responsibilities 
should not be accepted in detail by any 
company as here presented; they merely 
reflect good general practice. A specific 
company should establish its own method 
of operation. For example, one company 
has established nine steps in the produc¬ 
tion of a standard that suits their 
particular situation and that varies 
markedly from the above (see Fig. 


4.7 AREAS OP OPERATION 

The principles of standardization 

may be applied to every phase of a 
business. As a matter of fact, however, 
standards engineers concentrate on those 
areas that combine both need and return. 

4.7.1 Materials. Almost every com¬ 
pany has done standardization work in 
connection with materials. These mate¬ 
rial standards are incorporated in “speci¬ 
fications” which are used not only by 
purcha.sing and by inventory control but 
by manufacturing and by design engi¬ 
neering. The specification generally indi¬ 
cates the use of the material and covers 
a variety of characteristics, such as 
chemical, electrical, and physical proper¬ 
ties, and usually test and rejection pro¬ 
cedures. The basic principle is that at 
least all properties that, are critical will 
be specified. The effect of these standard 
specifications is to provide uniformity 
and agreement, as between vendor and 
purchaser (see Fig. 9.5). Within the com¬ 
pany they provide, for receiving, an exact 
understanding ’ of acceptable material, 
and, for purchasing, the possibility of 
alternate suppliers and quantity buying. 
The greatest advantage is the mutual 
understanding that results from a speci¬ 
fication of the materials in all their par¬ 
ticulars, with complete agreement on the 
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FIG, 9.5 STANDARD PURCHASING SPECIFICATION— 
AN EXAMPLE OF A STANDARD THAT PRO¬ 
MOTES UNDERSTANDING FOR MANY BOTH 
IN AND OUTSIDE THE COMPANY. 








TABLE 9.4 STAMDABD MACHINE BARTS LIST—ONE PAGE OF THE INDEX OF 
SELECTED PARTS STANDARDIZED FOR COMPANY USE* 


FASTENING DEVICES 
Cl BoUb and screws 


C1.2 

Screw and washer assembly 

CIA 

Alloy steel 

CIB 

Brass 

CIC 

Medium carbon steel 

CID 

Chrome stainless steel 

CIE 

Bronze 

CIF 

Chrome-nickel stainless steel 

ClG 

Galvanized 

CIH 

Aluminum 

CIL 

Low carbon steel 

C2 Nuts 

C2.1 

Sheet metal 

C2B 

Brass 

C2D 

Chrome stainless steel 

C2E 

Bronze 

C2P 

Chrome-nickel stainless steel 

C2G 

Galvanized 

C2H 

Aluminum 

C2L 

Low carbon steel 

C3 Rivets 

C3.1 

Eyelets 

C3B 

Brass 

C3F 

Chrome-nickel stainless steel 

C3H 

Aluminum alloy 

C3K 

Copper 

C3L 

Low carbon steel 

C3M 

Copper-nickel alloy 

C3Y 

Miscellaneous 

C4 Washers 

C4A 

Chrome-nickel stainless steel 

C4B 

Copper alloy 

C4L 

Low carbon steel 

C5 Pins 

C5.1 

Grooved straight 

C5.2 

Spring dowel 

C5.3 

Drive 


Page 1 threaded dowel pins 


K-5903495 

C5A 

Taper, dowel, cotter 

C9 Miscellaneous 

C9.1 

Spring retaining rings, precision 

C9.2 

Spring retaining rings, square or 


round 

CURRENT-CARRYING DEVICES 

CIO Contacts 

ClOA 

Contact tips 

Cll Brushes 

CllA 

Carbon brushes 


C12 Connectors 
C12.1 Brazed connectors 
C12.10 Power connectors 
C12.ll Power connectors 
C12.12 Power connectors 
C12.13 Power connectors 

* CoortMgr GenersJ Electrie. 


C12.14 Power connectons 
C12.15 Power connectors 
Cl2,16 Power connectors 
C12.17 Power connectors 
C12.20 S<*rew pressure—electrical 
C12.21 Screw pressure—electrical 
Cl2.22 Screw pressure—electrical 
C13.O Terminal boards 

BEARING DEVICES 
C20 Ball bearing 
C21 Roller bearings 
C22 Sleeve bearings and bushings 
C22A Sintered 
C22B Cast 
C22C Wrought 

Page 1 oil rings 
C28 Lubricating fittings 
C29 Miscellaneous (meter jewels, etc.) 
C29A Balls 

MOTION TRANSMITTING DEVICES 
C30 Knobs, wheels, handles, etc. 

C31 Pulleys, sprockets, etc. 

C32 Gears 
C33 Springs 
C34 Keys 

C34A Woodruff keys 
C39 Miscellaneous 

C39A Bellows and aasiemblies 

OTHER MECHANICAL PARTS 
C51 Gaskets 
C59 Nameplates 
C59H Aluminum 

PRODUCTS—SPECIALIZED PARTS 
C60 Motor, generator 
C60A Ctipacitors 
C61 Turbine 
(’61A Piston rings 
C62 Tran.sformer 
C63 Control 
C64 Switchgear 
C65 Meter and instrument 
C66 Electronic 

C66A Leads and supports (Tubes) 
C66B Cathodes (Tubes) 

C66Y Miscellaneous 
C67 Protective equipment 
C68 Cable 
C69 Refrigerator 

C69A Glass drip trays 
C69B Flexible hose assembly 
Clio Inserts for plastics 


*4) 
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meaning of terminology and on quanti¬ 
ties and tolerances. Most companies have 
specifications for thar raw materials, and 
many have extended this aptivity to their 
manufacturing, maintenance, and service 
supplies. 

4.7.2 Parts. The next most extensive 
area in which standardization is prac¬ 
ticed is in the field of parts, with particu¬ 
lar emphasis on purchased parts (see 
Table 9.4). These specifications indicate 
the part by name and number and the 
various alternates of dimensions and 
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shapes, including such other information 
as threads, finish, design data, and mate¬ 
rial. These standard-parts specifications 
are usually compiled in a standard-parts 
book, and range from baU-bearings to 
washers. 

4.7.3 Engineering procedures and 
practices. The specification of materials 
and parts have naturally led to or have 
required standardization in many engi¬ 
neering procedures and practices. A 
standard numbering system might be de¬ 
veloped for both parts and materials. 
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TABLE 9.5 STANDARD TEST METHOD—AN EXAMPLE OF A TESTING PRO 
CEDURE STANDARDIZED AND ACCEPTED FOR MEASURING COM 
PLIANCE WITH SPECIFICATION* 


G-E Test Method E1B39 governs the storage stability test for pressure-sensitive tapes, 

as follows: 

E1B39A—50% relative humidity 
E1B39B—90% relative humidity 

APPARATUS: 

Constant-temperature oven 

Desiccator 

TEST SAMPLE: 

Roll of tape one inch wide and at least 10 yards long. 

ElBS9A—50% RELATIVE HUMIDITY 

PROCEDURE: 

Place the sample roll in a sealed desiccator over a solution which will give a relative 
humidity of 50 ± 5% at a temperature of 150 F. (Suggested solutions are sulfuric 
acid with specific gravity of 1.339, or a glycerine solution having a refractive index 
between 1.4440 and 1.4486.) 

Store the sealed desiccator in an oven maintained at 150 ± 5 F for a period of 30 or 72 
hours as specified. 

After aging, allow the tape to cool for two hours at room temperature. 

Examine the tape to determine the condition of the adhesive and backing. 

REPORT: 

The report should include the purchase order number, the manufacturer’s name, the 
G-E designation, and a statement of whether or not the tape meets the requirements 
of the specification. 

ElBS9B—90% RELATIVE HUMIDITY 

PROCEDURE: 

Place the sample roll in a sealed desiccator over a solution which will give a relative 
humidity of 90 ± 1% at a temperature of 150 F. (Suggested solutions are sulfuric 
acid wil^ specific gravity of 1.1^, or a glycerine solution having a refractive index 
between 1.3773 and 1.3905.) 

Store the sealed desiccator in an oven maintained at 150 ± 2 F for a period of six days. 

After aging, allow the tape to cool for two hours at room temperature. 

Examine the tape to determine the condition of the adhesive and backing. 

REPORT; 

The report should include the purchase order number, the manufacturer’s name, the 
G-E designation and a statement of whether or not the tape meets the requirements 
of the specification. 

* CourtMx Osaatal Elaetria. 
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And later extended to took, jigs, fixtures, 
and equipment of all kinds—^not only 
in the productive areas, but in the serv¬ 
ice areas as well. A list of standard 
abbreviations, symbols, and terminology 
might be prepared, and from this will 
come the need for standard drafting pro¬ 
cedures, including paper, lettering, and 
detailing. A further natural development 
would be the establishment of standard 
test methods (see Table 9.5). These test 
methods, including equipment and pro¬ 
cedures, would be designed to assure the 
company that the supplier was comply¬ 
ing with the standard material and part 
specifications. Many companies have 
gone a step further into the area of 
engineering design, including such items 
as limits, fits, tolerances, roughness, fin¬ 


ishes, gaging, and similar demgn and 
mechanical data. 

4.7.4 Manufocturing processes. Many 
companies have done standardization 
work in what might be called manufac¬ 
turing processes and methods. These 
standards are in the areas of tool and 
equipment standards, including jigs and 
fixtures, and of operational standards, 
such as welding, beat treating, hardening, 
dehydrating, painting, cleaning, carbon¬ 
izing, and other technical procedures (see 
Table 9.6). These manufacturing stand¬ 
ards are particularly evident in the me¬ 
chanical industry, but are not restricted 
to it. 

4.7.5 Excluded areas. There are some 
standards closely allied to manufacturing 
that by custom are not considered areas 


TABLE 9.6 STANDARD MANUFACTURING PROCESS—WRITTEN OPERATIONAL 
METHODS ASSURE UNDERSTANDING AND ENCOURAGE COMPLI¬ 
ANCE* 


G-E Manufacturing Process P4C6 covers the procedure for electrolytic alkali cleaning 
of ferrous materials. 

MATERIALS AND EQUIPMENT: 

Electrolytic cleamng tank 
Cleaning bath (1) 

Alkaline cleaner. 8-10 oz/gal 

Water to make. 1 gal 

(1) Various proprietary cleaners such as Pennsalt or Clepo are available. Consult 
your laboratory for approved materials. Material substitutions with correspond¬ 
ing changes in concentrations should be made only with the approval of the 
laboratory, 

SAFETY PRECAUTIONS: 

Acid resisting rubber gloves, rubber aprons, tight fitting goggles or tace shield must 
bfe worn. 

If cleaning solution is spilled on the body, wash immediately with water. 

If cleaning solution gets into eyes, a small stream of running water should be directed 
gently under the eyelids for several minutes before going,to the dispensary. 

An exhaust ventilation system with monel, acid resisting coated wood or galvanized 
iron ducts and scrubbed air is recommended. 

PROCEDURE: 

Surface preparation: 

Predean—Remove oil and dirt. Use G-E Manufacturing Process P4C2 (vapor de¬ 
greasing) or/and G-E Process P4C4 (Emulsion cleaning). 

Ellectrodean—Immerse in electrolytic cleaning tank, making the parts cathodic for 
90 seconds and then anodic for 30 seconds. The electrolytic cleaning bath operates 
at a temperature of 200 F with a current density of 50-60 amps/sq ft. 

Rinse—Rinse thoroughly in running cold water. 

Dry—If plating operations do not follow immediately, dip in hot water asd dry by 
suitable means such as filtered air blast. 


* CourtMy Geaeiml Electric. 






TABLE 9.7 STANDARDS INDEX—^AN BXAMPZ4C OF THE POSSIBLE SCOPE OF 
STANDARDS ACTIVITY IN A COMPANY* 


SECTION 

SUBJECT 

AD 

ADMINISTRATION 

AU 

AUDITING & ACCOUNTING 

EN 

ENGINEERING 

IN 

INSPECTION 

MS 

MATERIALS & SUPPLIES 

PE 

PERSONNEL 

PN 

PRODUCTION 

SA 

SAFETY 

SP 

STANDARD PARTS 

TE 

TOOLS & EQUIPMENT 


* Courtesy Fairbanks. Morse A Co. 


of activity for the standards department. 
These are related to the activities of 
the industrial engineering or methods 
department. This group standardizes 
within its own sphere of influence, devel¬ 
oping standard time data, techniques, 
allowances, and production rates, and 
standard charts, three-dimensional mod¬ 
els, templates, and layouts, and stand¬ 
ard reports, practices, and procedures as 
a separate and distinct set of standards 
(see Sections 5, 6, 8, 10, 11, and 14). To 
a lesser extent, certain managerial stand¬ 
ards are kept apart from the standards 
group. These include standard practice 
instructions that consist of written policy 
and procedure in such fields as organiza¬ 
tion, accounting, employment, branch- 
plant operation, and other aspects of 
control in the operation of the enterprise. 
In like manner, product standards may 
not be handled by the stands ids group, 
together with such items as catalogues, 
installation and servicing instructions, 
replacement parts lists, and operating 
instruotions. Safety standards likewise 
fall into this disputed category. Whether 
these, all or in part, should be within the 
jurisdiction of the standards group is a 


matter of plant practice and standards 
policy (see Table 9.7). 


4.8 STANDARDIZATION TECHNIQUES 

Even though standardization is 

generally considered to be an engi¬ 
neering activity, very few technical 
methods of attack on the problems of 
standardization have been developed. 

4.8.1 Simplification. The easiest step 
to take in standardization is to use the 
technique known as simplification. This 
is the process of reducing variety by 
elimination. A company that makes 2^ 
types of washers decides, by reviewing 
the cost and sales situation, not to make 
150 of them. Another company, which 
uses 26 different types of lubricants, ana¬ 
lyzes its needs and finds that 10 will 
satisfy its requirements. This process is 
as simple as these examples suggest; the 
prime problem is to obtain some agree¬ 
ment on what will be eliminated (see 
Figs. 9.6 and 9.7). This work is the appli¬ 
cation on a company level of the princi¬ 
ples and practices described previously 
under the Commodity Standards Divi- 
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From "Engineering Standarde at IBM,” Standardita- 
tion, December, 1950. 


FIG. 9.6 SIMPLIFICATION IN MANUFACTURING— 
FOUR STANDARD KNURLS SATISFACTORILY 
REPLACED A .LARGE NUMBER OF NON¬ 
STANDARD KNURLS. 


eion of the Department of Commerce 
that resulted in Simplified Practice Rec¬ 
ommendations (Art. 2.4.3.3). 

4.8.2 Deliberate decision. Simplifica¬ 
tion consists of a review of current vari¬ 
ety followed by a decision on what is 
acceptable and therefore standardized. 
This technique presupposes that the 
present variety has been the result of 
considered engineering thought and de¬ 
liberate selection. Such is usually not the 
case. The result is, therefore, standardi¬ 
zation by compromise. The more desira¬ 
ble engineering investigation to deter¬ 
mine the needs of the situation has not 
been made. There is no technique that 
applies to this final accomplishment of 
standardization, referred to as “deliber¬ 
ate decision,” except the straightforward 
engineering approach coupled with pa¬ 
tient participation (see Fig. 9.8). 

4.8.3 Preferred numbers. There is one 
tool of standardization—preferred num¬ 
bers —^that supports deliberate decision. 
These are numbers that have been se¬ 
lected and standardized in the form of 
a series of geometrical relationships, so 
that the relationship of the value of one 
number to the next is always the same. 


Thus, in the five series from 10 to 100 
there are five numbers that are approxi¬ 
mately 60 per cent apart from each 
other. These numbers (see Table 9.8) 
have been adopted for use by designers 
in preference to arbitrary numbers in 
order to create uniformity and conse¬ 
quent interchangeability. They are ap¬ 
plied to sizes, ratings, or characteristics, 
such as diameters, lengths, areas, vol¬ 
umes, weights, and capacities, 

4.8.4 Numbering systems. Standards 
engineers have developed administrative 
techniques that sui)port and direct their 
programs. The most common of these 
is the standard nmnbering system. The 
type, form, and content of the sj^stem 
varies from company to company. The 
simplest system is to number from one 
on up; or the system may be more com¬ 
plex, employing combinations of letters 
and numbers (see Fig. 9.9). In any 
case, the purpose is to designate the ma¬ 
terial, part, process, procedure, or other 
standard to be specified. Through the 
numbering system, the standards group 
can extend its activities legitimately, for 
nonstandard items, being unnumbered, 
are plainly visible. In like manner, the 



- _ Courteay of IBM. 

FIG. ¥.7 SIMPLIFICATION IN PUHCHASING—REDUC¬ 
TION IN PURCHASED PARTS MEANS SIG¬ 
NIFICANT SAVINGS IN THE PRODUCT, 
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FIG. 9.8 SIMPLIFICATION AND DELIBERATE DECISION 
—NOT ONLY WERE THE TOOLS REDUCED 
FROM 125 TO 4 , BUT THEY WERE DESIGNED 
FOR THE JOB. 







TABLE 9.8 BASIC PREFERRED NUMBER—THE 5, 10, 20 AND 40 DECIMAl. 
SERIES (10 TO 100)* 


S-Scries 
(60% Steps) 

lO-Series 
(25 7o Steps) 

l^Series 
(12% Steps) 

40-Serie8 
(6% Steps) 

10 

10 

1 

10 

10 

10.6 

11.2 

11.2 

11.8 

12.5 

1 

12.5 

12.5 

13.2 

14 

14 

15 

16 

i 

1 

i 

j 

16 

1 

j 

16 

16 

17 

18 

18 

19 

20 

20 

20 

21.2 

22.4 

22.4 

23.6 

25 

25 

25 

• 

25 

26.5 

28 

28 

30 

31.5 

31.5 

31.5 

33.5 

35.5 

35.5 

37.5 

40 

i 

40 

40 

40 

42.5 

45 

45 

47.5 

50 

50 

50 

53 

56 

56 

GO 

G3 

• 

63 

i 

i 

63 

63 

67 

71 

71 

75 

; 80 

! 

80 

80 

85 

90 

90 

95 


Preferred Numbers below 10 are formed by dividing the numbers between 10 and 100 
by 10, 100, etc. 

Preferred Numbers above 100 are formed by multiplying the numbers between 10 and 
100 by 10, 100, etc. 

Percentage steps in headings are approximate averages. 

* Front Amer\ean Standard Prtjerrtd Numbers, ZI7.1 — }9S0 R J96J, publiafattd by the American Stendsrda 
Aaeociation. 
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EXPLANATION 


PRIAAARY SUBJEa CLASSIFICATION 

(AO-ADMINISTRATIONi tN-IN$PKTION« 
MS-MATEftlAlS AND SUPPLIER, ETC) 


SECONDARY SUBJEa CLASSIFICATION 

(FOR TYPICAL SIGNIFICANCE SEE 
FIGS, i AND 6) 


NON SIGNIFICANT DIGITS 

(ARBITRARY DIGITS ASSIGNED TO 
COMPLETE STANDARD NUMBER) 


STANDARD NO. 

AD05.86 

IN38.5 

MS10.23 


Courtesy of Fnirbanks, Morse & Co, 


PIG. 9.9 STANDARD NUMBERING SYSTEM—THE 

METHOD ONE COMPANY EMPLOYS FOR ITS 
STANDARD NUMBERS. 


group can control nonstandard practice 
in the company by requiring that a 
standard number be assigned to all ma¬ 
terials, parts, and so forth. 

4.8.5 Standard format. Unless detailed 
thought is given to the form and content 
of the prepared standard at the start, 
they present recurring problems. Most 
standards engineers follow the easiest 
course of being guided by examples from 
other companies or from other groups, 
like the ASA, and of accepting and in- 
coiporating the suggestions of their com¬ 
pany executives. This means that experi¬ 
ence gained in preparing standards tends 
to indicate necessary change in the form, 
content, wording, and presentation of 
the standard until one generally accepta¬ 
ble format, uniquely the company’s, is 
developed. 

Considerable help in developing a uni¬ 
form format will be gained by consulting 
ASA’s “Style Manual for American 
Standards,” and by using its recom¬ 


mendations as a guide toward more read¬ 
able and understandable standards. 

4.8.6 Printed standards. The next 
most consistent technique is the practice 
of putting standards in writing. The ad¬ 
vantage of written standards in promot¬ 
ing understanding and compliance is 
evident. For the standards group, the 
decision on what the form and content 
of the standard should be requires a com¬ 
plete survey of the standard before its 
publication; in many cases, problems of 
agreement are introduced on control 
data that have never been considered by 
the company before. Thus, in the speci¬ 
fication of a cleaning solution, prior to 
standardization, the brand name might 
have been the critical characteristic, 
whereas, after standardization, the qual¬ 
ity of carbon tetrachloride by weight in 
the solution might be the critical charac¬ 
teristic. Obtaining agreement from all 
parties concerned in regard to really crit¬ 
ical information provides the standards 
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group with a broader base for its activi¬ 
ties. The printed standards, collated and 
assembled, generally in loose-leaf binders, 
constitute for every company the heart 
of the standards program. These stand¬ 
ards manuals, as they are called, are kept 
up to date by the standards department 
and are distributed to all interested sec¬ 
tions of the company. 

4.8.7 Standards control. Through 
standards manuals, the department gains 
standards control over company prac¬ 
tices, such as in design, manufacturing, 
and purchasing. In turn, they furnish 
operating personnel with an opportunity 
to indicate additional areas for standard¬ 
ization work in the form of recommended 
standards projects. In exercising control, 
probably the best practice is to require 
that the standards group be informed 
whenever a nonstandard is employed. 
The purpose of this requirement is not 
to require compliance but to indicate the 
need for investigation of nonstandard 
practice. Thus, the purchasing depart¬ 
ment might be required to send a copy 
of a requisition for a nonstandard mate¬ 
rial to the standards department for the 
latter’s information. Frequent use of 
nonstandard practice certainly would 
indicate the need for review of the situa¬ 
tion and for action on the part of the 
standards engineer. 

4.8.8 Outside contacts. The standards 
group should, and usually does, maintain 
an active liaison with other individuals, 
organizations, or groups that do stand¬ 
ardization work. It is desirable that the 
company join the American Standards 
Association and that the standards engi¬ 
neer be active in the standardization 
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and of technical societies. In addition, 
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close touch with the standards and speci¬ 
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dustry. It is good standardization prac¬ 
tice to permit the standards promulgated 
by the ASA, trade associations, technical 
societies, and the government to form 
the basis for standards approved and 
accepted within the company. 


4.9 STANDARDS PROGRAM PROBLEMS 

Here are some of the perplexing 
situations that are likely to arise in 
any standardization program: 

1. Gaining and maintaining top-man¬ 
agement’s active, rather than passive, 
support. t 

2. Deciding extent and limits of ac¬ 
ceptance of standards throughout the 
company. 

3. Arbitrating requests for use of non¬ 
standard conditions. 

4. Timing the promulgation and adop¬ 
tion of standards. 

5. Exploiting the opportimity to ex¬ 
tend the scope and activity of the stand¬ 
ards group. 

6. Developing coordination in the 
total standards effort. 

7. Resisting the pressure of time and 
situation to formulate a standard before 
complete. 

8. Determining the purpose and cov¬ 
erage of a proposed standard. 

9. Deciding the method and extent of 
evaluation of the standards effort. 
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Association, New York, published 
monthly. 

Every practising standards engineer 
should have a copy of Paul W. Dickson's 
booklet, which is mainly an account of 
standardization programs in many leading 
companies. He should also subscribe to the 
monthly magazine published by the 
American Standards Association. Of the 
books listed, John Gaillard’s can be con¬ 
sidered the “Bible” of standardization 
since it is a comprehensive and detailed 
treatment of many facets of the subject. 
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TOOL INOINEERINO 


1. THE NATUttt AND SCX>PB OF 
TOOL ENGINEERING 

1.1 DEFINITIONS 

Tool engineering is concerned with 
planning the processes, supply¬ 
ing the tools, and coordinating the facili¬ 
ties for economical manufacturing. Thus, 
it contains two main activities: process 
planning and tool designing. 

Process planning or process engineer¬ 
ing consists of devising, selecting, and 
specifying processes, machines, tools, and 
other equipment to cut, form, and fur¬ 
bish materials, finish manufactured arti- 


OIVtStONS AND DEPARTMENTS THROUGH WHICH WORK FLOWS 



Tool designing or tool design involves 
the development and design of ma¬ 
chinery, tools, and gages for production, 

1.2 THE FUNCTION OF TOOL ENGINEER¬ 
ING IN AN INDUSTRIAL ORGANI¬ 
ZATION 

Tool engineering is one of the staff 
functions that supply services and 
facilities to the productive core of an 
industrial organization. In that respect, 
tool engineering is like purchasing, ac¬ 
counting, and plant maintenance. In a 
small plant, the entire tool-engineering 
function may be performed by one per- 
n as part or ^1 of his duties. In a 
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Lawrence E. Doyle, Tool Engineering: Analuit* and 
Procedure (New York; Prentice-Hall, lac., 19M), p. 6. 


FIG. 10.1 AN OUTLINE OF PROCEDURE FOB TOOLING 
A PART FPR PRODUCTION. 
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Tiirge organization, the tool-engineering 
effort is divided among several depart¬ 
ments under the direction of the chief 
tool engineer, also variously known as 
the master mechanic, production engi¬ 
neer, or manufacturing engineer, who 
reports to the top production manager. 
Typical tool-engineering departments are 
process engineering, tool design, tool 
making, tool inspection, tool trouble, 
and tool stores departments. An ex¬ 
planation is given in Fig. 10.1 of a typical 
procedure followed bj such departments 
in preparing for production. 

2 . PROCESS PLANNING 

2.1 THE PURPOSE OF PROCESS 
PLANNING 

Process planning is done to deter¬ 
mine and describeIthe best process 
for each job so that 

(1) Specific requirements are set 
forth, for which equipment and tools can 
be selected or designed. 

(2) The efforts of all engaged in pre¬ 
paring for production are coordinated. 

(3) A guide is furnished to show the 
best way to use the facilities provided. 

A process plan for a job represents 
the solution to a series of problems which 
require that means be found to 

(1) Give a certain form, shape, com¬ 
position, and other characteristics to a 
product. 

(2) Hold specified tolerances in di¬ 
mensions, surface quality, material prop¬ 
erties, and so forth. 

(3) Realize as high a rate of produc¬ 
tion at as low a cost as feasible, and pro¬ 
duce when needed. 


2.2 THE CONTENTS OF A PROCESS 
PLAN 


$99 

{1) An identification of the purpose of 
the process. This calls for the name and 
number of the article to be produced, 
the quantity and lot sizes to be made, 
a description of the rough material, the 
model or assembly for which the unit is 
intended, the number of units in each 
assembly, the effective date of the proj¬ 
ect, the name of the planner, and the 
number of the order authorizing the 
project. 

(2) A designation of the division of 
work, including a list of the operations 
making up the process, an enumeration 
of the operations to show their sequence, 
and designation of the place where each 
operation is performed. 

(3) Specifications needed to make each 
operation conform to the principles of 
interchangeable manufacture and quality 
control. These items include the locating 
surfaces and clam])ing areas on the 
workpiece, dimensions, tolerances, geo¬ 
metric relationships, surface quality, and 
material properties. 

(4) Specifications of the methods, ma¬ 
chines, tools, and equipment to i)roduce 
the required quantity and qualitj" of 
])roduct at the lowest cost. These include 
a de.«cription of what is to be done in 
each operation; the size, type, and kind 
of each machine and its location, acces¬ 
sories, and attachments; listing and iden¬ 
tification of standard and special cutting 
and forming tools, fixtures, jigs, dies, 
gages, and so forth; and instructions for 
the proper setup and operation of the 
equipment, optimum speeds, feeds, and 
so on. 

(5) Specifications of performance ex¬ 
pected from each operation, in the form 
of the estimated or standard cycle time 
per piece and setup time per lot; the 
output expected in a certain length of 
time; and the capacity of the equip¬ 
ment. 


Certain basic principles are ap¬ 
plied in solving the problems of 2.3 how process plans are 
process planning. A process plan should expressed 

contain those items that show how it 

proposes to resolve efficiently the prob- A process plan is a complete con- 

lems at hand. The items to include in cept of a process. It is recorded 

a process plan are: and transmitted in a number of ways 



TOOL iNGINECRtNO 


EM 

to suit various condirions. Seldom does 
the paper work express the whole plan. 
In a small plant or where skilled workers 
may be relied upon to perfonn without 
detailed instructions, process plans may 
be recorded quite incompletely. In a 
large organization vrith a complex 
product and highly refined procedures, 
process plans may be recorded in minute 
detail. 

A process-planning medium almost 
universally used is the routing, also 


[2.3 

known as route eheet, process sheet, 
planning operation sheet, and so forth, 
that lists and describes the operations 
of a process. One form of routing is 
shown in Fig. 10.2. Routings are written 
as briefly as possible to save time, and 
they commonly designate departments, 
machines, tools, etc., by numbers and 
symbols. A routing is used in many parts 
of a plant, and a number of copies are 
generally issued. All copies should con¬ 
tain the basic information, but some may 


FIG. 10.2 ONE FORM OF ROUTE SHEET. 



Doyle, Tool Engineering: Analgsit and Procedure, p. 254. 
Courteay of the Oaterpiller Tractor Co. 
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FIG. 10.3 A TYPICAL TOOL ORDER. 


hav£ certain spaces reserved for, and 
contain information of value only to, 
their recipients. 

A tool order, exemplified in Fig. 10.3, 
is a common supplement to the routing 
to convey specifications for designing 
or procuring a tool. 

An operation instruction sheet, like 
the one in Fig. 10.4, describes an opera¬ 
tion in more detail than is feasible on 
a route sheet. A sketch of the work to be 
done in the operation is customary on 
these sheets. 

3. THE PROCEDURE OF PROCESS 
PLANNING 

The problems met in planning a 
process can be solved most readily 
in a definite logical order. Some must be 
solved before others. The steps to be 
taken entail the following considerations. 

3.1 THE REQUIREMENTS AND CONDI¬ 
TIONS OP THE PROCESS 

Before any problem can be solved, 
its requirements and conditions 
must be defined. In process planning, 
what must be determined first are: 


(1) The specifications of the finished 
product. 

(2) The size, shape, and other prop¬ 
erties of the raw material. 

(3) The quantity or number of pieces 
of the product to be made and the date 
required for delivery. 

The specifications for a mechanical 
device are found in part and assembly 
prints, an engineering release for pro¬ 
duction, a manufacturing order, and a 
list of parts or materials. These forms 
reach the tool engineer when a job is 
assigned to him in the course of events 
depicted in Fig. 10.1. Sometimes the de¬ 
sign specifications do not state the quan¬ 
tity to be made or the form of raw 
'material. An estimate of quantity may 
have to be obtained from the sales 
department or the management. The 
tool engineer may be required to study 
and choose froirt several possible forms 
of raw material. 

The process engineer should make a 
mental or written list of every item in 
the specifications to obtain a full grasp 
of the project. The items include the 
surfaces to be finished, quality of finished 
surfaces, individual dimensions and tol¬ 
erances, geometric relationships among 
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Halspy F. Owen, Introduction to Tool Engineering (New 
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FIG. 10.4 AN OPERATION INSTRUCTION SHEET. 


surfaces, physical properties of materials, 
surface painting or plating, assemblies, 
and other refinements. 


3.2 IMPROVEMENT OF THE SPECIFICA¬ 
TIONS 

Mere recognition of the items of 
the specifications is not enough. 
A comiwtent tool engineer always looks 
for ways to improve the specifications to 
make production easier and cheaper. 


The tool engineer has a right to ex¬ 
pect all specifications to be clear and 
explicit and to insist that they be cor¬ 
rected if confusing, ambiguous, or 
incomplete. Examples of faulty specifi¬ 
cations are overlapping dimensions, 
omitted tolerances, or indefinite nota¬ 
tions for surface-finish quality. 

A capable process engineer is often 
able to suggest changes in the design 
of a product to benefit production be¬ 
cause he is in close touch with the prob¬ 
lems of production. Such suggestions 
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niay range from a complete change to a 
minor alteration in the design of a 
part. The right to accept or reject 
changes' belongs to the product designer 
who is responsible for the performance of 
the product. A few illustrations of typi¬ 
cal changes are given in. Fig. 10.5. 

The following is a suggestive outline 
of important types of changes to pro¬ 
mote economy in processing: 

(1) Change in assemblies to reduce 
the number of parts needed (as by com¬ 
bining parts), or to simplify parts (as 
by enlarging tolerances). 


(2) Additions to parts in the form of 
pads, ribs, fins, lugs, reliefs, etc., to 
control warpage, to reduce deflection, to 
add strength to resist processing forces, 
to aid in holding the workpiece (as by 
means of chucking rinp), to aid in 
driving the workpiece, to aid in locating 
the workpiece, to prevent surface muti¬ 
lation, to provide runout spaces for tools, 
and to provide foolproofing means. 

(3) Changes in the shape, size, or 
material of a part to enable the part 
to be made by a more economical 
process, reduce tooling costs, decrease 


FIG. 10.5 TYBICAL PRODUCT DESIGN CHANGES THAT 
HAVE RESULTED IN PRODUCTION ECONO¬ 
MIES. 
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machining time, reduce the number of 
operations in a process, reduce material 
cost and waste, and aid in assembly. 


3.3 PRINCIPLES OF DIMENSIONING 

The dimensions of a part specify 

the positions and conditions of its 
surfaces. In general, surfaces may be 
classified as functional surfaces, which 
enter into the operation or location of 
the part in a mechanism; clearance 
surfaces, which provide continuity in 
the part but have no functional role; 
and atmospheric surfaces, which are not 
near other surfaces in the mechanism. 
Dimensions between functional surfaces 
have relatively small tolerances, dimen¬ 
sions to clearance surfaces have larger 
tolerances, and dimensions to atmos¬ 
pheric surfaces have the largest. Base 
lines for dimensions frequently coincide 
with functional surfaces. The tolerances 
on the dimensions of a part drawing are 
indicative of the relative importance of 
the surfaces to which the dimensions ap¬ 
ply- 

The cost of holding a tolerance on a 
dimension increases as the tolerance de¬ 
creases, in the manner indicated by the 
curve cd of Fig. 10.6. The be,st service is 
obtained from a particular part when 
a small tolerance is held; then the value 
of the product is high. With a larger 
tolerance, some pieces fail too soon and 
the average quality of the product is 
lowered, as indicated by the curve ab of 
Fig. 10.6. Th^ most economical toler¬ 


ance for the dimension is T, which gives 
the largest difference between product 
value and cost. Obviously, a larger toler¬ 
ance may be as wasteful as a smaller 
tolerance. 

The factors affecting every dimension 
are like those depicted by the curves of 
Fig. 10.6, but they do not have the same 
values for each dimension. A competent 
designer tries io assign a tolerance to 
each dimension corresponding to the 
tolerance T. In that way, the designer 
tells the tool engineer which surfaces are 
most important. 

The clarity and exactness of the lan¬ 
guage of dimensioning can be upheld by 
observance of the following rules, which 
the tool engineer has a right to expect 
the product designer to follow: 

(1) Two points, lines, or surfaces on 
a drawing of a part should be connected 
only by one dimension or one set of 
dimensions. 

(2) Dimensions should be placed be¬ 
tween the points, lines, or planes most 
closely related to each other. 

(3) Dimensions should be placed and 
tolerance.-! assigned to reflect the func¬ 
tional requirements of the part. 

(4) A part must be dimensioned in 
three coordinate directions. 


3.4 CRITICAL AREAS 

The surfaces given prime attention 
and preferred for locating and 
gaging m manufacturing are called criti 
cal areas. Before a process can tx* 



FIG. 10.6 THE FACTORS THAT DETERMINE A DESIRA¬ 


BLE TOLERANCE. 
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piaimed, the process engineer must se¬ 
lect the critical areas. To do this, he 
applies three indicators that point to 
the functional and clearance surfaces 
on the part, because surfaces which serve 
the part functionally are likely to make 
the best critical areas for manufacturing. 
The indicators are: 

(1) The presence of a base line from 
which a number of dimensions are taken. 
A base line must coincide with a real 
surface or an axis of a surface to be 
significant as a critical area. 

(2) Close tolerances on linear or geo¬ 
metric dimensions. 

(3) Relatively fine surface finishes. 
This might mean suiier-finished surfaces 
on a ground part or merely machined 
surfaces on an otherwise rough casting. 

The indicators often point to several 
surfaces in each coordinate direction on 
a part as possible * critical areas. For 
practical reasons, such as the size or 
position for location, a functional sur¬ 
face is not always a desirable critical 
area. Three tests are applied to deter¬ 
mine which surfaces promise to serve 
best as critical areas from a practical 
point of view. The tests are: 

(1) A test for arithmetical superiority. 
A surface that is the terminal point for 
the most dimensions is desirable as a 
critical area because it offers the best 
locating area to minimize tolerance ac¬ 
cumulations. 

(2) A test for geometrical superiority. 
A surface least subject to runout or with 
points far apart is desirable as a critical 
area. 

(3) A test for mechanical superiority. 
A surface having a minimum suscepti¬ 
bility to deflection or mutilation is de¬ 
sirable as a critical area. 


3.5 THE OPERATIONS OP A PROCESS 

Manu'.acturing operations can be 
divided into the following classes: 

(1) Foundry operations by which ma¬ 
terial is molded, formed, forged, cast, 
etc. 

(2) Enterprise protection operations 
that control or expedite the manufactur- 
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ing routine and protect the interests of 
the enterprise. Receiving, storage, and 
inspection are examples. 

(3) Critical manufacturing operations 
concerned primarily with treating the 
critical area but also with treating all 
related surfaces as well. 

(4) Placement operations that meet 
non-dimensional requirements like heat 
treatment. 

(5) Tie-in operations that create sizes 
and forms needed for the placement op¬ 
erations and/or the finished part. Cut¬ 
ting of gear teeth, finish grinding, and 
drilling of small cross holes are examples. 

(6) Assembly operations in which 
parts are put together. 

Each item in the list of requirements 
for a process can be assigned to one 
clas.s of operations. The problem of form¬ 
ing the oiierations is simiilified because 
the operations need to be formed only 
out of the items in one class at a time. 

One or several operations may be 
formed to satisfy the items allotted to 
any one class. Some operations should 
obviously be done together. P'or instance, 
several adjacent concentric diameters 
would normally be turned in one opera¬ 
tion. Other items require separate oper¬ 
ations because of the techniques and 
equipment involved. For example, if 
hardening and plating a piece are two 
items in the placement operation class, 
separate operations would be set up to 
take care of them. To a large extent, 
the amount of work that can be done 
economically in an operation depends 
upon the machine selected for the opera¬ 
tion. 


3.6 THE SELECTION OF MACHINE TOOLS 

The work to be done determines 

what machines may be considered 
for an operation. If a number of sur¬ 
faces are to be machined on a part, the 
choice is offered of machining them 
separately, all together, or in various 
combinations. The choice is narrow for 
one or two surfaces. If the surfaces on 
a part are similar in size, shape, and 
position, they are better suited to being 
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treated in one operation than if they 
are different from each other. Small 
tolerances call for certain types of equip¬ 
ment; large tolerances are not so exact¬ 
ing. Small workpieces are handled on 
equipment different from that used for 
large pieces. More powerful machines 
may be needed to work hard material 
than soft material. 

The machines and equipment that will 
do a job at the lowest total cost are the 
ones that should be selected. Direct, 
overhead, and fixed costs should all be 
considered. Generally, the more items 
put into one operation, the less the 
handling time, the more the chance for 
simultation, and the lower the direct 
costs. At the same time, the operation is 
likely to be more complex and the 
equipment expensive. As a rule, a high 
rate of production justifies a large in¬ 
vestment in equipment to reduce direct 
costs. The basis for a logical comparison 


of alternatives is given in Section 3. 

To select a machine tool, an investi¬ 
gation must be made to ascertain the 
aptitude, range, and capacity required 
for the job. Each type of machine is 
best suited for certain kinds of work— 
lathes for turning, and drilling and bor¬ 
ing machines for holes. A machine must 
have adequate range and capacity for 
the work it is to do, but not an excessive 
amount at unnecessary expense. The 
factors determining the range and ca¬ 
pacity may be the size of workpiece, the 
working area, length of stroke or other 
motions, speeds and feeds, forces, energy, 
or power reipiired. The last four factors 
will be discus.sed later. Information about 
langes and capacities of specific machines 
are obtainable from manufacturers’ quo¬ 
tations and catalogs. 

Persona! preferences or specific con¬ 
ditions may influence the selection of a 
machine tool. A particular type or make 


FIG. 10.7 A DIAGRAM OF THE STEPS TO BE TAKEN 
TO SET UP THE SEQUENCE OF OPERATIONS 
OF A PROCESS. 
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of machine may be favored because a 
person has in the past found it depend¬ 
able, easy to operate, safe, or accurate. 
Often a new machine is not purchased if 
one almost as good is already in the 
plant and not fully loaded. However, a 
worn-out or obsolete machine may prove 
a decided handicap if it is selected merely 
on the basis of availability. 


3.7 THE SEQUENCE OF OPERATIONS IN 

A PROCESS 

The operations of a process can be 

arranged in proper sequence by 
the steps depicted in Fig. 10.7. In the 
first place, a process starts with founding 
operations. If they are not actually 
included in the process, their results 
must be recognized in the specifications 
for the rough workpieces The process 
is concluded by a final ins|)ection opera¬ 
tion. These are the terminal points of 
the process. The rough workpieces are 
inspected and stored, and enterprise-pro¬ 
tection operations are set up for those 
functions. 

A basic rule of processing is that the 
critical areas must be established as 
soon as possible to provide reliable sur¬ 
faces for consistent location throughout 
the process. Thus, the critical manufac¬ 
turing areas are the first machining oper¬ 
ations and generally precede all place¬ 
ment operations. If placement opera¬ 
tions are needed, they are inserted with 
ample space left for the others, as indi¬ 
cated in Fig. 10.7c. 

Tie-in operations are placed as the 
purpose of each dictates its relation to 
the placement operations. All work 
should be done while the material is in 
its most workable condition for each type 
of operation. Where a number of tie-in 
operations fall into a group, they are 
arranged with respect to each other in 
the most economical manner, considering 
movement of materials, locations of ma¬ 
chines, and the effect of each operation 
on others. Process flow charts and other 
graphic representations are used, espe¬ 
cially in high-production industries, to 
analyze and refine proc^es with re- 


spect to material flow, and so forth. 
These techniques are discussed in Sec¬ 
tion 5. 

If assembly operations are required, 
they are inserted in proper relation to 
the tie-in operations. As a final step, 
enterprise-protection operations are in¬ 
serted to provide the desired control 
over the process. 


4 . CUTTING SPEEDS AND FEEDS 

A process planner estimates cut¬ 
ting speeds and feeds to be able to 
designate machine speed and feed ranges 
and power, to select tools, and to esti¬ 
mate cutting time. 


4.1 CUTTING SPEED 

Cutting speed is the surface speed 
(C), in feet per minute, at which 
either the work or cutter travels. Ma¬ 
chine speed (N) is usually specified in 
rpm where a workpiece or cutter of 
diameter (D) in. is revolved. A practical 
relationship is = 4C/D. 

The higher the surface speed of a cut, 
with other conditions constant, the faster 
the material is removed, but the more 
rapidly the tool wears and the more 
often it has to be replaced and re¬ 
sharpened. Tool costs become excessive 
with very high cutting speeds. More 
time than necessary is spent in making a 
cut with too low a speed. The optimum 
cutting speed for an operation is that 
which gives the lowest total cost and 
is different for each set of conditions. 

• The economical tool life for an opera¬ 
tion is* 

y ^ I - n Ct _ 5Ct 

n Ri Ri 
(for single-point tools) 

where C 2 is the total cost of chang¬ 
ing the tool on the machine and re¬ 
sharpening the tool and includes the 


*L. E. Doyle, Tool Engineering Analy¬ 
sis and Procedure (New York: Prentice- 
Hall, Inc., 1950), p. 72. 



TABLE 10.1 CCTTING SPEED RANGES FOB ORDINARY TURNING, FACING, 
BORING, SHAPING, PLANING, DRUULING, MILLING, AND BOB> 
ING OPERATIONS 

-Speed in Surface Feet per Minute--- 


Work 

Material 

Aluminum 

Brass 

Cast 

Iron 

(soft) 

Cast 

Iron 

(hard) 

Steel 

(soft) 

Steel 

(medium) 

Steel 

(hard) 

Tool 

Material 








High Speed 
Steel 

400-1000 

100-300 

50-120 

30-80 

70-160 

50-90 

20-50 

Cemented 

Carbide 

1000-3000 

300-800 

200-400 

100-200 

150-400 

150-300 

75-150 


proportion of the cost of the tool con¬ 
sumed in one sharpening. The factor 
is the operation rate for direct and over¬ 
head costs in dollars per minute; n is 
an exponent that according to Kronen- 
berg has a value of 0.17 for most single¬ 
point tools. For milling, n is generally 
around 0.40. 

The cutting-speed ranges of Table 10.1 
for several kinds of work material and 
two common tool materials reflect typi¬ 
cal practices in industry. The desirable 
speed in surface feet per min. (s.f.p.m.) 
for a particular operation depends upon 
the type of cutting tool, the properties 
of the work material, the feed and depth 
of cut, the use of cutting fluid, and the 
power and condition of the machine. 

Form cutters that are hard to sharpen 
are run at relatively low speeds to make 
them last. Reaming is done at about 
one-half the speed of drilling to maintain 
the reamer size for an economical num¬ 
ber of pieces. Most broaching is done 
at 10 to 30 s.f.p.m. On the other hand, 
simple multiple-tooth cutters, such as 
standard milling cutters, may be run 
faster than single-pomi tools because the 
wear is distributed over a number of 
teeth. Grinding wheels operate most effi¬ 
ciently from 4,000 to 15,000 s.f.p.m., as 
fast as each wheel will go without break¬ 
ing. 

Soft material can be cut faster than 
hard material for the same tool life. 
However, the structure of metals is 


quite as important. It has been shown* 
that cutting performance and tool life 
on cast iron may be improved fiftyfold 
by heat treatment to obtain optimum 
metallic structures; and on steel, ten¬ 
fold. 

Light finishing cuts are made at speeds 
25 to 50 per cent higher than roughing 
cuts. Most economical results are usually 
obtained in roughing by removing large 
amounts of material with deep cuts and 
heavy feeds, up to the limit that can 
be withstood by the workpiece, tools, and 
machine. The speed is reduced to obtain 
an economical tool life, but more ma¬ 
terial is removed for a given tool life 
than would be obtained with higher 
speeds and lighter cuts. 

4.2 DEPTH OF CUT AND FEED 

Light cuts produce the best sur¬ 
face finishes. Depth of cut is usu¬ 
ally less than Vie ***• finish cutting 
and less than 0.010 in. for finish grinding. 
Finish turning and shaping feeds range 
from 0.005 to 0.025 in. per revolution or 
stroke. 

Rough cutting is done most efficiently 
with cuts as large as the workpiece, tool, 
and machine will stand. As deep a cut 

* Michael Field and Norman Zlatin, 
"Increasing Productivity in Production 
Machining," SA£. Quarterly Tranaac- 
lions, Vol. 6, April 1952. 
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as feasible with a light feed distributes 
the load over more cutting edge and 
generally is preferable to a shallow cut 
and heavy feed for a given cross-sectional 
chip area. Rough turning and shaping 
feeds range from 0.015 to 0.075 in. per 
revolution or stroke. 

The size of a drill governs its feed, 
varying from 0.003 in. per revolution 
for a drill in. in diameter to 0.014 in. 
per revolution for a drill 1 in. in di¬ 
ameter. The feed of a reamer is generally 
two to five times that of a drill of the 
same size. 

Feed on a milling machine is normally 
designated in inches per minute, but 
is based upon the chip load in inches per 
tooth, which ranges from less than 0.001 
in. per tooth for thin saws and other 
fragile cutters to 0.015 to 0.025 in. per 
tooth for sturdy face mills. 

For rough broaching,* the feed per 
tooth may be less than 0.003 in. for a 
weak broach to as much as 0.010 in. for 
a strong one. The cut per tooth is 
normally less than 0.001 in. in the bur¬ 
nishing or sizing section at the end of 
a broach and usually less than 0.0001 
in. for the last few finishing teeth. 

In traverse grinding, the wheel is fed 
from ^ to % of its width for each 
revolution of the workpiece. 

5 . CUTTING AND FORMING 
FORCES 

The force and energy required are 
important considerations m the 
selection of a press for a cutting or 


forming operation. In metal cutting, the 
forces are sometimes necessary consider¬ 
ations in the design of tools and ma¬ 
chines. Bearings require special consid¬ 
eration in heavy duty machines. 


5.1 BLANKING AND PIERCING FORCES 

The maximum force in pounds re¬ 
quired to cut a piece w’ith a 
perimeter L in. from material t in. thick 
with an ultimate shear strength of Sg 
Ibs./in."'* is Fg = LtSg. Approximate 
strengths of common materials are given 
in Table 10.2. 

The maximum force may be reduced 
by staggering several punches or by 
inclining the cutting edges of punch or 
die to provide shear. A punch needs to 
penetrate only a part of the thickness 
of a sheet equal to p x I to cut it. The 
per cent penetration, p, required for 
common materials is given in Table 
10.2. If several punches are arranged in 
steps so that each acts only when the 
preceding one has penetrated a distance 
at least p X t, the punches are said to 
be staggered, and the maximum force 
is only that imposed by the largest 
punch. 

Shear on a punch distorts the blank 
or slug and on the die distorts the 
surrounding material. If the shear or 
height of inclination of v in. over the 
cutting edge is larger than pX t, the 
force in pounds required to cut a piece is 
F's = ^'a ipA- 


TABLE 10.2 PROPERTIES OF SHEET METAL* 

- doft - - Partly cold tLuin,m* - 



Uli. tensile 

Shear 


UU. tensile 

Shear ^ 



strength 

strength 

Penetration 

strength 

strength 

Penetration 

Matericd 

#/m.* 

#/m.‘ 

% 

#/in.» 

if/in.* 

<r> 

/o 

Aluminum (2S) 

12,000 

8,000 

60 

16,000 

13,000 

30 

Yellow Brass 

45,000 

32,000 

60 

68,000 

52,000 

20 

Steel 0.15 C 

56,000 

46,000 

40 

66,000 

61,000 

25 

0.50 C 

85,000 

71,000 

24 


90,000 

14 

l.OOC 

120,000 

115.000 

10 


150,000 

2 

Steel, silicon 

65,000 

30 





* The veluee given ere npprosimnte end vary with material content, treatment, eto. 
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5.2 BBNDINO FORCES 

When material of thickness t in. 
and ultimate tensile strength S lbs. 
per in.2 is bent along a single straight 
line of length L in. and the unsupported 
stock width is w in., the force* required 
in pounds is = Lt^S/2W. 

A bend in a vee die with width of 
opening of w in. requires a force Fg = 
Lt^ S/W. Sometimes this force is multi¬ 
plied by 1.33 for a larger margin of 
safety. These are empirical formulas. 


5.3 DRAWING FORCES 

The force in pounds to draw a 
cup of periphery P in. from ma¬ 
terial with an ultimate tensile strength 
of S lbs./in.2 and thickness i in. should 
not exceed Fg = PtS. 

5.4 PREvSS RATINGS 

About 10 per cent is usually added 
to the calculated forces to allow 
for losses in the press. As much as 25 
per cent more may be added for springs, 
cushions, or buffers, especially for draw¬ 
ing, depending upon their sizes. The 
total force in pounds is converted to tons 
because presses are rated in tons. The 
tonnage capacity of a press may be found 
from the manufacturer’s catalog. If that 

♦John S. Brozek, “A Notebook on Die 
Jlesign,” The Tool Engineer, Vol. XXVI, 
No. 6, June 1951, 49. 
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information is not available, the capacity 
in tons, T, may be calculated easily for 
a mechanical press with crankshaft di¬ 
ameter up to 7 in. For an end-wheel 
press with an overhanging crankpin of 
diameter D in., T = For a press 

with crankshaft of diameter D supported 
on both sides of the crank (or double 
crank), T — ZyzD^. A press reaches its 
maximum capacity only when the ram 
is near the bottom of its stroke. 


5.5 METAL-CUTTING FORCES 

The three conventional compo¬ 
nents of forces acting on a single¬ 
point tool are the feed or tangential 
force, Fc, in the direction of the cutting 
speed; a feed or longitudinal force, Fg, 
in the direction of feed and perpendicular 
to Fc) and a surfacing or radial force, 
Fjt, at right angles to the other two. 

Cutting force depends mostly upon the 
material cut and the cross-sectional area 
of cut, as designated in Table 10.3, and 
to a much less extent upon rake angles 
cutting fluids, tool materials, and speeds 
The force in an actual operation may 
be two to three times as high as that 
determined experimentally, because dull 
tools may as much as double the force, 
material is not always uniform, and 
heavier cuts may be taken in the shop 
than anticipated. 

Longitudinal and radial forces are 
commonly less than the cutting forces 
in an operation but rise rapidly and 
approach the value of the cutting force 


TABLE 10.3 AVERAGE 

VALUES 

OF CUTTING 

FORCE, 

Fe, IN LBS.* 


Material 


CroB8-tectional area of cut in square inches 


0.001 

0.010 

0.020 

0.030 

0.040 

Light alloys (10 B.H.N.; 

35 

305 

580 

860 

1120 

Brass 

129 

726 

1215 

1650 

2020 

Cast Iron 100 B.H.N. 

100 

730 

1330 

1900 

2440 

150 B.H.N. 

125 

910 

1660 

2380 

3050 

200 B.H.N. 

140 

1020 

1860 

2660 

3420 

Cast Steel 150 B.H.N. 

268 

1900 

3400 

4830 

6170 

Ste^ SAE 1015 

300 

1920 

3360 

4570 

5800 

SAE 1035 

400 

2560 

4480 

6070 

7700 

SAE 1060 

520 

3330 

5820 

7900 

10000 


* Based upon equation F. ^ Cp (1000 A)' and oonatante from Max Kronenberg, Moehinino IFtM Smgh 
i*asAl Tools (C^cinuati: The Cinnnnati Milling Machine Co.). 



TABLE 10.4 FACTOBS FOE EQUATION B = Kf^d^ * 


Material 

K 

X 

V 

Aluminum 

50,000 

1.1 

1.2 

C.I. (163 B.H.N.) 

14,720 

0.6 

1 

Steel SAE 1020 

40,000 

0.78 

1 

SAE 1045 

42,000 

0.78 

1 

SAE 1095 

69,000 

0.78 

1 

SAE 6150 
(187 BHN) 

53,400 

0.78 

1 

* For valuM for other materials, 
Ino., 1951). 

see 0. W. Boston, Matal Procating 

(New York: John 

Wiley & Sons, 


when a tool becomes dull. Thus, the 
maximum values of Fj, and Fr are 
likely to be close to the highest value of 
Fc- 

Normally, over 95 per cent of the 
horsepower, Pg, in a metal-cutting oper¬ 
ation is derived from the cutting force, 
Fg lbs., and the cutting speed, V ft. per 
minute, which act in the same direction. 
That is because the cutting speed is 
much larger than the fed! rate. For many 
operations, the cutting force can be 
conveniently and closely estimated from 
the relationship 

„ 33000P, 


In a milling operation, Fg is the tan¬ 
gential force on the rotating cutter. For 
a drill, the torque, T in. lbs., is related 
to the speed, N rpm by 

_ 63000P, 

N 

The thrust of a drill can be repre¬ 
sented by 

B = Kf^d^ 

where / is the feed in inches per revolu¬ 
tion, and d is the diameter of the drill 
n inches. Experimentally determined 
values of k, x, and y are given in Table 
10.4. 


6 . ENERGY AND POWER 

The energy and power that must 
be delivered by a machine deter- 
mme the rate at which the machine can 


do a job or whether it can do the job 
at all. 


6.1 ENERGY AND POWER IN PRESS 
WORK 

The energy a press must deliver 
may be approximated by the prod¬ 
uct of the maximum force, Fg lbs., times 
the distance the material is penetrated 
or drawn. The energy in ft. lbs. per 
stroke to shear a material of thickness 
t in. with a per cent penetration p is 
E = Fgtpk/12. A value of 1.16 is com¬ 
monly accepted for the factor k to 
cover losses from machine friction, 
pushing slugs through the die, and so 
forth. 

With a mechanical press, energy is 
obtained from slowing down the fly¬ 
wheel at each stroke. A loss of speed of 
10 per cent is considered sati.sfactory 
for continuous operation, and a flywheel 
of weight W lbs. with a maximum speed 
of V ft. per second at its radius of 
gyration delivers energy in ft. lbs. per 
stroke of Eg = 0.003WF2. 

A loss in speed of 20 per cent is com¬ 
monly allowed for intermittent opera¬ 
tion. Then the energy in ft. lbs. per 
stroke delivered by the flywheel is Ej = 
0.0056Wy2. 

The horsepower that must be delivered 
by the motor to restore the energy, E, 
in ft. lbs., used at each stroke with the 
press operating at N strokes per minute 
is 


33000 
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TABLE 10.5 approximate VALUES OF HORSEPOWER REQUIRED TO REMOVE 
ONE CUBIC INCH OP MATERIAL PER MINUTE UNDER AVERAGE 
CONDITIONS 


■■ .. ' '■ m acrnmnff 

Single point tool 
{Turning, 


Workpiece material 

ahaping, etc.) 

Drilling 

Milling 

Grinding 

Aluminum 

0.3 

0.6 

0.6 


Brass 

0.3 

0.5 

0.7 


Cast Iron (Soft) 

0.3 

0.6 

0.8 

8 

Cast Iron (Hard) 

0.5 

0.9 

1.0 

8 

Steel (Soft) 

1.0 

1.2 

1.5 

8 

Steel (Medium) 

1.4 

1.6 

1.9 

11 

Steel (Hard) 

1.8 

2.0 

2.2 

14 


6.2 POWER IN CUTTING METAL 

The unit or specific power con¬ 
sumption in metal cutting is ex¬ 
pressed in horsepower per cubic inch per 
minute. The power varies with the ma¬ 
terial, the type of operation, the size and 
shape of cut, the shape and condition of 
the tools, the cutting speed, and the cut¬ 
ting fluid. Average values of unit horse¬ 
power for common materials and ma¬ 
chining operations are given in Table 
10.5. The unit power consumption for 
a fairly light cut is approximately two 
to three times what it is for a heavy 
cut. As tools become normally dull, unit 
power consumption can be expected to 
increase up to 50 per cent. Increases in 
rake angle and cutting speed tend to 
reduce the unit power consumption, but 
only slightly within practical amounts 
of variation. 

The horsepower consumed at the tool 
point is the product of the unit horse¬ 
power times the cubic inches of material 
removed per minute. The motor of a 
machine tool must furnish the power 
lost in the machine .as well as that con¬ 
sumed at the tool point. 

Satisfactory practice is to operate a 
machine tool at rated power capacity for 
continuous service. Machines frequently 
are overloaded without harm for inter¬ 
mittent operation—up to 75 per cent 
over rated capacity when the idle time 
between cuts at least equals the cutting 
time. 


7. THE VARIABLES OF METAL 
CUTTING 

The nomograph of Fig. 10.8 gives 
a summary of the effects^ of tool 
and work material, depth of cut, ma¬ 
chine efficiency, feed, and cutting speed 
upon the length of life and power con¬ 
sumption of single-point cutting tools. 
The example worked out on the chart 
explains its use. The chart is based upon 
an assumed power increase of 35 per 
cent for dull tools, as compared with 
newly ground tools. Power consumption 
is charted only for plain carbon steel. 
Heavy feeds generally are called for by 
solutions given by the chart and may 
have to be compromised in some cases 
to conform to the strengths of the work- 
pieces, tools, and machines. 

8 . WORKPIECE LOCATION AND 
CLAMPING • 

The locating points and surfaces 
and clamping areas on a workpiece 
are selected when a process is planned 
for the reason explained in item (3) of 
Art. 2.2. The actual locating and clamp¬ 
ing devices are selected and proportioned 
in tool design. 

8.1 WORKPIECE LOCATION 

The conditions for full workpiece 
location are given by the 3-2-1 
principle of location, as follows: To 
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locate a piece JvUy, place and hold it 
against three points tn a base plane, 
two points in a vertical plane, and one 
point in a plane square with the first two. 
The three points for the base plane may 
be on parallel surfaces if occasion de¬ 
mands, as may be the two points for the 
second plane. 

The three planes or three sets of planes 
for locations should be mutually per¬ 
pendicular if possible. Such surfaces, or 
points on them, provide a box-like 
arrangement in which a part can be held 
most securely. Also errors from foreign 
particles on the locators are minimized. 

Points as far apart as possible on any 
surface should be selected to help mini¬ 
mize locating errors. 

Fewer than the number of points spec¬ 
ified by the 3-2-1 principle may be 
selected to locate a piece if partial loca¬ 
tion is sufficient, as tit often is. For 
instance, a chuck normally locates a 
piece to be turned on the equivalent of 
four or five points. However, a free body 
has SIX degrees of freedom, and a lo¬ 
cating point is necessary for each degree 
of freedom to be confined. 

No more than the numbers of points 
prescribed by the 3-2-1 principle of 
location should be selected for locating 
a rough surface because more points 
provide unreliable location. However, 
more points than specified by the 3-2-1 
principle, even whole surfaces, are often 
desirable for a finished surface. The ex¬ 
tra points add nothing to location but 
do provide better support to the work- 
piece. On four buttons, a finished surface 
rocks if a chip is present on one of the 
buttons, but no evidence of the chip is 
given with three buttons, 

A part should be located in an oper¬ 
ation from surfaces most directly con¬ 
nected .dimensionally to the surface or 
surfaces treated in the operation to 
minimize the accumulation of tolerances. 

When the critical areas are machined 
on a rough workpiece, the locating sur¬ 
faces should be selected to insure (1) 
that a reasonable relationship exists be¬ 
tween rough and finished surface on 
the finished part, (2) that thickness of 


sections is uniform, and (3) that ade¬ 
quate stock will be left on surfaces to 
be machined later. 

In tie-in operations, a part should be 
located from critical areas. If these areas 
are distorted in placement operations, 
they should be re-established by going 
back to the basic rough locating areas 
or to areas reliably related to the critical 
areas. 

8.2 WORKPIECE CLAMPING 

The purpose of clamping is to 
direct forces to seat a workpiece 
firmly against the locating points and 
surfaces and to hold it there securely 
against all disturbing forces. 

Clamping forces must be applied to 
suit the locators. A clamping force must 
neither tend to upset the location of 
the workpiece nor tend to distort the 
workpiece. The best condition prevails 
when a force is directly opposed by a 
fixed locator through a heavy section 
of the workpiece. Otherwise, a clamping 
force should be counteracted directly 
by a jack support, esijecially if the 
workpiece is weak and likely to deflect. 
A clamp may dig into a rough' surface 
but must not mar a finished surface to 
which It is applied. 

Processing forces should be directed 
against fixed locators as much as possi¬ 
ble, as indicated in Fig. 10.9. Clamping 
forces are applied to counteract process¬ 
ing forces not taken directly by fixed 
stops and to neutralize the moments set 
up by the processing forces. Initial 
clamping forces must be imposed to 
prevent even the slightest movement of 
a workpiece in an operation. To do that, 
the initial force must be larger than any 
reaction the clamp is likely to receive 
during the operation. 

9. PRODUCTION TOLERANCES 

9.1 OPERATION TOLERANCE 

The natural tolerance or perform¬ 
ance limits of an operation set up 
and conducted in a definite manner can 




OESIREABLl UNDESIREABUE 


THRUST IS TAKEN BY FIXED STOP. THRUST IS AGAINST CLAMP. 

AND CLAMP ACTS TO HOLD WORK- 
PIECE AGAINST STOP AND RESIST 
LIFTING EFFECT 

Doyle, Tool Engineering: Analysie and Procedure, p. 4S2. 
FIG. 10.9 FORCES OPPOSED BY FIXED STOPS. 


be ascertained by the techniques of 
statistical quality control described in 
Section 13. 

Definite tolerances must be held in 
each operation if a process is to produce 
finished parts within specified tolerances. 
As indicated in Fig. 10.6, a dimension 
can be held to any tolerance desired, but 
the cost increases as the tolerance is 
decreased. Usually, different kinds of 
operations are necessary for different 
tolerances. For instance, a diameter may 
be turned if its tolerance is more than 
0.001 in., but must be ground for a 
smaller tolerance, and must be lapped or 
supcrfinished for exceptional accuracy 
and finish. 

The dimensional variations experi¬ 
enced in an operation result from a 
number of causes of error. These must 
be recognized and controlled to establish 
an operation capable of producing within 
desired tolerances. The oasic causes of 
error are: 

1. Variations in rough workpieces 
coming to an operation. 

2. Variations in material hardness, 
structure, etc. 

3. Defects in tools and machines. 

Tool dimensions must have tolerances 

if their costs are to be reasonable; com¬ 


mon practice is to give a tool dimension 
a tolerance of 5 to 20 per cent (most 
commonly 10 per cent) of the tolerance 
on the corresponding workpiece dimen¬ 
sion. Many tools can be designed in a 
number of ways, each offering a different 
degree of accuracy. The cost of a tool 
generally increases with the accuracy 
required. A responsibility of the process 
planner is to prescribe designs most suit¬ 
able for the accuracy required in each 
operation. 

4. Wear. Good practice calls for wear- 
resisting inserts at strategic places in 
tools. If the rate of wear of cemented 
carbide is 1, then hard nonferrous al¬ 
loys wear approximately 15, hardened 
alloy steel 25, and hardened plain carbon 
or case-hardened steel 25 times as fast.* 
Hard surfaces need not be large to wear 
long. A small surface does not wear 
appreciably faster than a large one if 
the bearing pressure is kept below 25 
pounds per square inch. Hard surfaces 
are lapped or supcrfinished after grind¬ 
ing for greatest wear resistance. Uniform 
wear is much less damaging than local- 

* E. E. LeVan, “Wear of Metallic Sur¬ 
faces,” Metals and Alloys, Vol. 8, No. 
July 1937, 206. 
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iaed wear. Adequate ^elds and guards 
should be provided whenever possible 
on tools and machines to keep out abra¬ 
sive substances that promote wear. 

5. Deflection. Variations in deflection 
cause errors in dimensions. Compensa¬ 
tion can always be allowed for constant 
deflection. If deflections are small, vari¬ 
ations in deflection are correspondingly 
small. Deflection is controlled by making 
rugged and heavily ribbed tools and by 
supporting workpieces adequately. How¬ 
ever, it is important that devices em¬ 
ployed to prevent deflection, such as 
jack screws, do not themselves introduce 
additional deflection. Tools should be 
arranged so that deflection-inducing 
forces are transmitted to rigid basic 
members. 

6. Thermal expansion. The results of 
thermal expansion are most pronounced 
when different metals art^ used together. 
Thermal expansion can be minimized 
by-the use of sharp cutting tools, pro¬ 
vision for adequate heat dissipation, 
uniformity of power consumptions at 
different stations of an operation, use 
of cutting fluid, and controlled room 
temperatures. 

7. Dirt, chips, and burrs. Considera¬ 
tions in designs to help this condition are 
suggested in Art. 14.3. In operation, cut¬ 
ting fluid or air should be directed to 
keeping locating surfaces clean. 

8. Lack of skill. Facilities must be pro¬ 
vided to suit the level of skill available 
for each operation, and operator train¬ 
ing must not be overlooked. Often a 
tool engineer is able to get good per¬ 
formance on the equipment he provides 
by taking the pains to see that the 
operator is told how to operate it prop¬ 
erly. 

9.2 TOLEBANCE CHARTS 

A tolerance chart is a means of 

proving that the operations as 
planned will together produce the toler¬ 
ance required for the product. It shows 
the dimensions, tolerances, and stock 
removal at all stages of manufacture in 
an easily understood form, saves time in 


making changes, and serves as a ready 
reference during discussions of a process. 

The typical tolerance chart of Fig. 
10.10 shows conventional designations, 
symbols, and notations. An X at one end 
of one dimension arrow in each operation 
shows the locating surface. The head of 
each arrow points to a line representing 
the surface cut. Lines without arrows 
represent resultant dimensions. 

On the chart of Fig. 10.10, the toler¬ 
ances on stock removal and resultant 
dimension are the sums of tolerances of 
working dimensions. For in.stance, the 
±. 0.002 in. tolerance of the 3.007 in. 
resultant dimension of Op. No. 20 is 
the sum of the ±0.001 in. tolerance." of 
the 0.118 in. and 3.125 in. working di¬ 
mensions of Op. Nos. 5 and 20. In the 
event that operations are subject to 
statistical quality control, with assurance 
that the deviations m the working di¬ 
mensions are likely to occur at random 
within the specified working limits, the 
probable tolerances of the resultant di¬ 
mensions and amounts of stock removal 
may be computed on the basis of 
A ~ The resultant tolerance 

is A, and the working tolerances are 
B and C. On this Jiasis, the tolerance 
of the 3.007 resultant dimension of 
O p. No. 20 ca n be expected to be 

^00^2 4.5;5522 = 0.0028 = ± 0.0014 

in. 

A tolerance chart must be realistic and 
take into consideration that: 

1. Any condition contrary to good 
practice must not be allowed merely to 
satisfy the tolerance chart. 

2. Tolerances must reflect economi¬ 
cally attainable performance for each 
operation. 

3. Tolerances specified from a surface 
which is neither a locator nor machined 
in the same operation must be large 
enough to absorb the accumulation of 
tolerances. 

4. Dimensions must be chosen so they 
can be checked with a practicable gage, 
preferably both in the holding device 
and after release. 

5. The least stock allow'ed must be 
enough to insure cleanup of a surface, 
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Doyl«, Tool Bnginttrma: Analj/ai* and Proceduro. D. 489. 
FIG. 10.10 A TYPICAL TOLERANCE CHART. 
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and the most stock must not be excessive. 

If a tolerance chart shows that toler¬ 
ance accumulations are likely to exceed 
specifications or that some operations 
must be held too closely, the following 
remedies may be presented; 

1. Operations may be recast or rear¬ 
ranged. 

2. Corrective operations may have to 
be added. 

3. The sequence of operations may be 
changed. 

4. The fact may be recognized that 
some part of the production may be 
outside of specifications. 

5. Stock-allowance requirements may 
be waived to some extent. 

6. An attempt may be made to have 
the tolerance of one or more dimensions 
increased on the part drawing. The toler¬ 
ance chart may serve as proof of the 
impracticability of meeting specifica¬ 
tions. 


9.3 STOCK ALLOWANCE 

The material provided on a sur¬ 
face to be machined is called the 
stock allowance and must be sufficient 
to allow for expected, runout and varia¬ 
tions of the workpieces and enable the 
tools to cut cleanly. 

If a plane surface is 0.005 in. out of 
parallel with its locating surface, a dif¬ 
ference in stock allowance of 0.005 in 
exists from one end to the other. Like¬ 
wise, the effective material on a surface 
between centers is equal to the total ma¬ 
terial on the diameter less the total indi¬ 
cator reading of runout. In addition, 
rough surfaces have valleys, scratches, 
scale, inclusions, or burnt material that 
must be removed completely to leave a 
good finish. 

In many cases, definite upper limits 
for stock allowances must be observed. 
Good surface finishes and dimensional 
accuracy demand light cuts. Even in 
roughing, too much stock can impose ex¬ 
cessive loads on tools and shorten their 
lives. The case hardness of carburized 
steel parts is impaired by too much stock 
removal. 


Stock allowance often depends upon 
the tolerances that must be accepted 
from preceding operations, especially 
from founding operations. Surfaces to be 
machined on a casting should preferably 
be cast in the drag section of the mold, 
because surfaces cast in the cope can be 
expected to vary more. Tolerances for 
forgings are specified by the Standard 
Practices and Tolerances for Impression 
Die Forgings adopted by the Drop Forg¬ 
ing Association. 

In general, the larger a workpiece, the 
greater the stock allowance. 

The proper amount of stock allowance 
for any particular operation must be de¬ 
termined from the considerations appli¬ 
cable to the specific case. As a guide. 
Table 10.6 shows typical stock-allowance 
practices for common operations. 


10. PLANNING AND TOOLING FOR 
LOW-COST PROCESSING 

Direct, indirect, and fixed costs 

must all be taken into account in 
planning a process. A low direct cost may 
be realized with labor-saving equipment 
entailing high fixed cost. On the other 
hand, direct costs may be high when 
inexpensive equipment is used. In each 
case, that balance of the components 
must be found that results in the lowest 
total cost, the same as for any engineer¬ 
ing project, as explained in Sec. 8. In 
addition, a process must be planned and 
tooled so that all costs are as low as pos¬ 
sible, whatever the relationship among 
them. Definite principles point to the 
ways of achieving low costs. 


10.1 OPERATION ANALYSIS FOR LOW 
DIRECT COSTS 

An operation is analyzed by being 
broken down into its elements. 
Each element is studied to find out how 
it can be done best. The tested elements 
are put together in the most efficient 
way, and facilities are provided to carry 
out the operation as planned. 

For convenience, the elements of an 



TABLE 10.6 TYPICAL STOCK ALLOWANCES FOB MACHINING OPEBATIONS 


(Specificatiotu are for stock on surface or side unless otherwise stated ) 


Condition of 
rough surface 
Iron Casting 

Metal removal 
process 

Turning or Milling 
Boring (dia. allow.) 

Up to g" 
1/16 

- Dime 

2" to 6" 

zm 

1/8 

nsiom, - 

6" to 12" 
3/32 

1/8 

12" to IS" 
1/8 
3/16 

Steel Casting 

Turning or Milling 
Boring (dia. allow.) 

3/32 

1/8 

3/16 

1/8 

3/16 

3/16 

1/4 

Malleable 

Casting 

Turning or Milling 
Boring (dia. allow.) 
Coining 

1/32-1/16 

0.15-.030 

1/16 

1/16 

3/32 

3/32 

5/32 

5/32 

Drop Forging 

Turning or Milling 
Coining 

1/64-3/32 

.015-.030 

3/32-1/8 

1/16-1/8 


Die Casting 

Reaming (dia. allow.) 
Diamond Boring 
(dia. allow.) 

.005-.030 

.008-.025 




Rough Turned 

Steel 

Finish turning 
(dia. allow.) 

1/64-1/32 

1/32-3/64 

3/64-1/16 

1/16-3/32 

Rough Machined 

Grinding (dia. all.) 
Grinding (surface) 

.010-.015 

.005-.008 

.012-.015 

.007-.010 

.015-.020 

.010-.012 

.018-.020 

Rough Ground 

Grinding (dia. all.) 
Grinding (surface) 

.008 

.003-.0()5 

.010 

.004-.007 

.015 

.005-.010 

.018 

.006-.010 

Finish Ground 

Micro Grind (dia. all.) 
Micro Grind (surface) 

.004 

.002-.003 

.005 

.002-.003 

.007 

.003-.004 

.008 

.004-.005 

Commercial Grind 
Smooth Grind 

Superfinish 

Superfinish 

.00025 

.00015 

.0003 

.0002 



Drilled Hole 

Boring (dia. all.) 
Reamed (dia. all.) 

1/32-1/16 

.010-.035 




Bored Hole 

Precision (dia. all.) 

.004-.009 





Boring or Reaming 


operation may be clas^fied as handling 
elements and machine elements. The 
former are those done by the operator, 
such as loading, unloading, and clamp¬ 
ing. The latter are those performed by 
the machine and tools. The major direct 
costs in most operations arise from these 
two activities. 


10.2 DIBECT HANDLING COSTS 

The costs of handling elements can 
be minimized by motion economy, 
elimination of .strain, fatigue, and heavy 
manual labor, conservation of skill, and 
combination of elements. 


The principles of motion economy* of 
most importance to tool engineering are; 

(1) eliminate all unnecessary motions, 

(2) shorten and simplify all necessary 
motions, (3) balance the work, (4) mini¬ 
mize use of the eyes, and (6) eliminate 
use of hands as holding devices. The sub¬ 
ject of motion economy and techniques 
employed for operation analysis are dis¬ 
cussed in Section 5. 

* O. W. Habel and G. G. Kearful, “Ma¬ 
chine Design and Motion Economy,” 
Mechanical Engineering, Vol. 61, No. 12, 
December 1939, 897. Also Motion Econ¬ 
omy Rules To Guide Process and Tool 
Engineers (Saginaw Steering Gear Div., 
General Motors Corp.). 
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Strain, fatigue, and heavy labor may 
be alleviated by providing (1) comfort¬ 
able working conditions, (2) convenient 
and easy-to-operate controls and devices, 

(3) mechanical power to do work, and 

(4) means to reduce the weight or load 
an operator must bear. 

Skill is conserved by transfer of skill 
and improvement of perception. Skill is 
transferred when built into a machine or 
tool, such as a drill jig. Perception is 
improved by magnification of move¬ 
ments, as by indicators. 

Elements are combined by simultation 
and integration. Simultation means the 
occurrence of two or more elements at 
the same ti^e, such as when machine 
and operator are both working at once. 
Integration means the incorporation of 
two or more cuts or actions into one 
operation, even though they may not be 
done simultaneously. Machining as well 
as handling costs may be reiluced by 
combining elements. Special machines 
are commonly built for high production 
to carry out these principles. 

10.3 DIRECT MACHINING COSTS 

Machining time is influenced by 
the design of the workpiece, the 
machining method, the capacity of the 
machine, the design of the tools, the con¬ 
dition of the work material, and the con¬ 
duct of the operation. 

Design changes to reduce machining 
time are suggested in Art. 3.2 and Fig. 
10.5. 

Some machining processes are quicker 
than others under favorable circum¬ 
stances. For instance, broaching is faster 
than milling but can be applied only 


to parts offering no obstruction to the 
broach and produced in sufficient quan¬ 
tities to justify the investment in broach¬ 
ing equipment. 

The maximum attainable machining 
rate may depend upon the strength and 
power of the machine tool. Rugged and 
pow'erful machines are necessary to 
produce pieces in large quantities. With 
adequate machine capacity, carefully 
designed cutting tools are necessary to 
realize the most from an operation. As an 
example, a manufacturer found that the 
rate of a milling operation could be in¬ 
creased appreciably by increasing the 
number of teeth in the cutters over con¬ 
ventional designs in use for some time. 
Another requirement for fast machining 
rates is the use of heavy jigs and fix¬ 
tures to give adequate support to the 
work. 

The factors of work material, speed, 
feed, and depth of cut that affect cutting 
rates are discussed in Art. 4. An equally 
important factor in the conduct of an 
operation is the distance the cutter or 
work must move while cutting and also 
while not cutting. 

A workpiece should usually be cut in 
the direction requiring the shortest 
travel. For instance, the time for milling 
tangs on collets was reduced by cutting 
in the manner shown at B rather than 
A, in Fig. 10.1 J. An exception to this 
rule is found in planing or shaping, 
w'here the cut is taken in the longest 
direction to cover a surface in the fewest 
number of strokes. Tools should be 
moved to and from the work fast and 
over as short a distance as is safe. Most 
modern machine tools are provided with 
rapid traverse rates ‘’or this purpose. 


FIG. 10.11 SHORTENING THE LENGTH OF A MILLING 
CUT. 
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10.4 ECONOMY OF INDIRECT COSTS 

The tool engineer can contribute 
to low overhead costs by planning 
and providing facilities to aid the auxil¬ 
iary functions of production, promote 
safety, and coordinate each operation 
with the material-handling facilities be¬ 
tween operations. 

Inspection can often be facilitated by 
providing means to check work at the 
point of operation, even before it is re¬ 
moved from the machine, in order to 
uncover defective tendencies before they 
have gone on too long. 

Scrap disposal can be expedited by 
mechanical means for segregating chips 
and scrap from the finished work, by 
readily cleanable equipment giving easy 
access to accumulations of chips and 
scrap, and by means to carry scrap from 
machines to collection centers, such as by 
chip conveyors where warranted. 

Setup, changeover, and maintenance 
are aided by flexible and versatile tooling, 
by preset tooling, and by readily acces¬ 
sible arrangements, such as racks, for 
reserve tools. Upkeep and repair costs 
are reduced by designing tools for easy 
repairing and servicing. Parts subject to 
wear should be easily removable and 
replaceable. 

A machine or tool that is readily ob¬ 
tainable is usually preferable, at least on 
a temporary basis, to a more efficient 
one that may take time to procure. 
Nothing is so expensive in industry as 
not producing at ^1. 


10.5 ECONOMY OF FIXED COSTS 

The cost of equipment for an oper¬ 
ation can be kept at a minimum by 
making it as simple as feasible to pro¬ 
duce the required quality and quantity 
of product, by using toolmaking facilities 
judiciously, by using versatile equipment, 
by making use of standard tool details, 
and by adapting standard machine units 
for construction of special machines. 

With other factors constant, the 
amount of production determines how 
complex and refined a tool should be. 


[10.4 

Commonly recognised classes of tools for 
vanous levels of production are described 
in Art. 12.1. A tool should not be made 
appreciably better than needed. 

The cost of a tool usable for only one 
job must be regained entirely from that 
job. Low-cost tooling is often devised by 
making minor additions to general-pur¬ 
pose tools easily changed over to other 
work, such as special jaws for vises, as in 
Fig. 10.21. 

Standard tool details, available com¬ 
mercially, are low in cost, quickly avail¬ 
able, fully developed, and thoroughly 
tested. Standard commercial holding de¬ 
vice, cutting tools, gages, and jig, fix¬ 
ture, and die details are more economical 
than special items. The universal jig of 
Fig. 10.22 is an example. 

Most machine tools are assembled 
from units such as headstock, base, and 
ram. Special machines are commonly 
constructed from standard machine units 
with the addition of a few special details. 
This is known as unit construction and 
is more economical than building a ma¬ 
chine entirely from special parts. 


11. COST ESTIMATING 

Cost estimating may be done to 
establish the selling price of a 
product, ascertain whether a proposed 
product can be manufactured and 
marketed profitably, determine how 
much must be invested in equipment, 
find whether parts or assemblies can be 
more cheaply fabricated or purchased, 
determine the most economical process, 
tooling, or material for making a prod¬ 
uct, and establish a standard of perform¬ 
ance at the start of a project. 

Sometimes a distinction is made be¬ 
tween product and tool cost estimating. 
The former is concerned with merchan¬ 
dise to be sdd, the latter with equipment 
for production. Product or tool cost esti¬ 
mating may be preliminary or final. Pre¬ 
liminary cost estimating usually is done 
before product designs or production 
plans have been completed, and is 
rougher than final estimating. 
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10.12 WAYS OF BREAKING DOWN A PROJECT 
INTO ELEMENTS TO ESTIMATE ITS COST. 


















10.13 (a) A COST ESTIMATE SUMMARY SHEET 
(b) a cost estimate work sheet. 
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11.1 ESTIMATING PBACTICE8 

The cost of an item may be esti¬ 
mated by comparison or by a unit- 
rate computation. By the first method, 
the item is compared with similar items 
of known cost. By the second method, 
the number of units of a property of the 
item is multiplied by a unit cost. For 
instance, the material cost of an article 
is commonly estimated by multiplying 
its weight by the unit cost of the mate¬ 
rial in dollars per puund. 

A project may be estimated quickly 
as a whole, as indicated by stage I of Fig. 
10.12, but this procedure is often inac¬ 
curate because past experience with simi¬ 
lar projects may not be available, com¬ 
parable subjects may be quite different 
in detail, the quantities produced may be 
different, or overhead, labor, and mate¬ 
rial rates may have changed. For accu¬ 
racy and reliability, most projects are 
broken down into elements, the costs 
of which are estimated individually and 
added together. 

Typical degrees to which projects may 
be broken down are indicated by the 
stages of Fig. 10.12. In explanation, a 
breakdown to stage VI means that the 
direct time for each operation on each 
part is estimated on the basis of the time 
required for similar operations. The time 
for each type of operation is multiplied 
by a certain direct labor and overhead 
rate. Time for outside labor, if required, 
is estimated and multiplied by the pre¬ 
vailing rate. The costs of purchased parts 
and rough material are estimated sepa¬ 
rately and multiplied by appropriate 
burden rates. Desired amounts are added , 
for sales and general overhead and profit. 
The costs of auxiliary services, such as 
development, engineering, tools, patterns, 
and testing, are estimated separately for 
the major units of the project. 

Each stage of Fig. 10.12 represents a 
general form of estimating practice, but 
some variation can be found in almost 
every plant. For instance, one procedure 
could be to estimate direct labor and 
material by a breakdown corresponding 
to stage VI, indirect costs at stage V, and 
auxiliary services at various stages as 


convenient. As a general rule, tool esti¬ 
mating is done at stages I through VI, 
and product estimating at stages V 
through VII, 

The results of an estimate are com¬ 
monly presented on a form such as that 
exemplified in Fig. 10.13. The estimating 
form, particularly a summary sheet, gen¬ 
erally does not reveal the full extent of 
breakdown in the estimate. 


11.2 ESTIMATING MATERIAL COSTS 

The material chargeable to a piece 

is that in the rough state and in¬ 
cludes all scrap removed. If a piece is 
machined, the stock thickness on the 
sides is added to the finished dimensions 
from which volume is calculated. An 
irregular piece is divided into simple 
parts. Volume is multiplied by the den¬ 
sity of the material (0.26 pounds per 
cubic inch for cast iron, 0.28 for steel, 
0.092 for aluminum, 0.30 for yellow 
brass, and 0.31 for red brass) to find the 
weight. Experienced estimators are able 
to judge the weights of intricate pieces 
rather closely by comparing them with 
pieces of known weights. 

The length of bar stock required for a 
piece is the sum of the length of the 
finished piece plus 1/32 to 1/16 in. on 
each faced end of the piece plus cutoff 
stock equal to the width of cutoff tool, 
as specified in Table 10.7. The lehgth of 
bar stock is multiplied by the weight per 
inch or price per inch for the particular 
diameter of bar. 

The dimensions of a blank developed 
from a formed piece, as explained in 
Art. 16.11, are sufficiently accurate for 
estimating purposes. The area and gage 
size for a stamping is found from part 
dimensions. The scrap allowance between 
successive blanks in a strip should be 
1/32 in. for stock less than 1/32 in. thick, 
an amount equal to the stock thickness 
between 1/32 and 3/16 in., and a maxi- 
miun of 3/16 in. for greater thicknesses, 
llie scrap allowance on each side of a 
blank at the edges of a strip is equal 
to the stock thickness plus the product 



TABLE 10.7 CUTOFF TOOL WIDTHS 


Depth ef cut 
tn incXes 
Up to 8/8 
1/4 to 5/8 
1/2 to 3/4 
5/8 to 1 
3/4 to 1 1/4 
Above 1 1/4 


Width of cutoff tool 
tn inchea (for sieeO 
1/16 to 1/8 
5/32 
3/16 
1/4 
5/16 

5/16 plus 


Note; Overlap provided for requiremento of different grade* 
and heat treatment of ateel. Cutoff tools for aluminum or soft 
brass may be about ts as wide as those for steel. 


of 0.015 times the diameter or width of 
blank. 

From 1 to 12 per cent of material is 
normally lost in processing in scrapped 
pieces, butt ends, droppings, and so 
forth, depending upon conditions. An 
average allowance of 5 per cent is com¬ 
monly made for such bulk losses. 

The weight of a piece multiplied by 
the unit cost of material gives the mate¬ 
rial cost per piece. If the unit cost covers 
only the purchase price of the material, 
the material cost is multiplied by one or 
more additional factors to account for 
bulk losses, purchasing, and handling 
costs. The unit-cost figure frequently is 
larger than the purchase price and ac¬ 
counts for the other costs, in some cases 
for a charge for heat treatment. Material 
unit costs generally decrease for larger 
amounts of material. Scrap from a few 
materials, such as brass, has appreciable 
salvage value, and that may be deducted 
from the matenal cost. 

Unit material costs need to be checked 
at intervals, on the average about every 
six months, and corrected. 


11.3 ESTIMATING J)1B£CT-LAB0R COSTS 

The total direct labor required to 
make a part may be estimated by 
reference to that required on similar jobs. 
A more refined method is to divide the 
job into operations, which is the same as 
prescribing the process. 

The basis for estimating operation 
time is previous performance on similar 
operations. Some estimators with back¬ 
grounds as toolmakers, mechanics, or 
foremen are able to judge operation time 


values closely. Much tool estimating and 
some product estimating are done in this 
way. 

Some estimators have found rules of 
thumb that give sufficiently accurate and 
quick estimates of operation times. The 
time for a weld may be e.stimated by 
multiplying the length by an ascertained 
average time to weld one inch. The cut¬ 
ting time may be calculated for an opera¬ 
tion and multiplied by a factor that 
studies in a particular plant have shown 
gives the total time for that particular 
type of operation. Such factors must be 
used with discretion. 

Those without sufficient shop experi¬ 
ence may have to refer to records for 
operation time values. Cost-accounting 
records may be consulted for specific 
operations. The estimate sheets of Fig. 
10.13 have a column to enter the actual 
time for each operation after the job has 
been completed. After a person has 
worked with such records for a while, 
he remembers the times of typical opera¬ 
tions and needs not refer to the files for 
every case. 

Tables* or charts, prepared to show 
the time values for particular typical 
operations performed on various shapes 
and sizes of pieces of various materials, 
and with various amounts of stock re¬ 
moval, are helpful for quick and accurate 
estimating. 

When cost accounting or shop records 


* Charles Bohmer, and George Dannes, 
Die Designing and Estimating (Cleveland: 
Huebner Publications, Inc., 1931). George 
S. Clark, “Post Design Estimating,” The 
Tool Engineer, Vol. XXIll, No. 11, No¬ 
vember 1949, 27. 
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are used, care must be taken that the 
information is reliable. Because of equip¬ 
ment breakdowns, carelessness, or inten¬ 
tion, time may not be recorded properly 
in the shop on some jobs. An operator 
may be inexperienced, or pioper tools 
may not be available for the first run 
of an operation. 

11.4 BREAKDOWN OF OPERATIONS 

Where work methods are stand¬ 
ardized, operations can be divided 
into standard elements. The most accu¬ 
rate estimates of operation time are ob¬ 
tained by evaluating operation elements 
and adding them together. 

The time needed for almost any fabri¬ 
cation operation can be divided into (1) 
setup time, (2) man or handling time, 
(3) machine time, and*(4) lost or down 
time. 

Machine time differs from the others 
l)ccaii.se it can be calculated. The ma¬ 
chine time for an operation is T = L/F. 
The length of cut, L, in inches includes 
the length of the surface cut plus the 
distance traveled by the cutter at feed 
rate in approaching the surface plus the 
overtravel of the cutter. The feed, F, 
is expressed in inches per minute. Charts 
like Fig. 10.14 and special types of slide 
rules are commonly utilized to ascertain 
machine time quickly. The unit time in 
minutes per inch obtained from the chart 
of Fig. 10.14 is multiplied by the length 
of cut to obtain the machine or cutting 
time. 

Setup and man time elements are eval¬ 
uated by time study. Average values are 
tabulated in convenient ways in many 
plants for estimating purposes. An exam¬ 
ple of standard elements for lathe opera¬ 
tions is given in Table 10.8. If standards 
are not available in a particular factory, 
reference may be made to published 

♦Joseph C. Dense, Machine Operation 
Times jor Estimators (New York: The 
Ronald Press Company, 1946). W. A. 
Nordhoff, Machine Shop Estimating (New 
York: McGraw-Hill Book Company, Inc., 
1947). 


tables* of standaid elemental times for 
common operations .t 

Setup time is normally applied once to 
each lot of pieces, but for estimating pur¬ 
poses may be prorated among the pieces 
in a lot to give a unit setup time. A pro¬ 
rated unit setup cost applies to only one 
lot size and must be clearly specified as 
such, so that the figures will not be used 
for other jobs with erroneous results. 

Allowances for personal needs, fatigue, 
and other justifiable items are added to 
elements measured by time-study meth¬ 
ods. Tables prepared for estimating pur¬ 
poses may show elemental times that in¬ 
clude necessary allowances or may show 
the allowances separately. 

Lost or down time resulting from 
equipment breakdowns, parts that do 
not fit, tools that do not work properly, 
defective material, and so forth, are 
accounted for by a performance factor 
applied to estimated operation time. Just 
what the lost time may be for a specific 
operation cannot bo predicted, and 
the performance factor reflects average 
losses. It may be derived by dividing 
the total actual time for all jobs done 
in a plant over a period of several 
months to a year by the sum of the times 
estimated for the same jobs. This factor 
must be checked from time to time. 
Studies in various plants have shown 
performance factors from 1.10 to 1.70. 

A performance factor may include cor¬ 
rections for average errors in estimating, 
such as the items overlooked in making 
a rough estimate without the benefit of 
detailed part drawings or the tendency of 
a particular estimator to be low. The 
“Intimating Contingency” in Fig. 10.13b 
is a performance factor. 


11.5 ESTIMATING INDIRECT COSTS 

Indirect costs are commonly dis¬ 
tributed for estimating purposes 
by rates determined by cost-accounting 


+ See Section 5, Article 5.45, for esti¬ 
mation of direct labor time by means of 
synthetic time standards. 
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FIG. 10.14 CHART FOR QUICKLY COMPUTING TIME 
IN TURNING. 

























































































































































































































































































































































TABUB 10.8 (Continued) 
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Double above times for Independent 4-<Jaw Chuck—Includes ordinary indicating. Tubing or like pieces—Factor .5 























































































































































































































































TABLE 10.8 {Continued) 
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Short Operations by Stock Diameter 

Spot Drill or Center 

Chamfer—Bevel—Radius—Neck—Recess 

Measuring Times by Outeide-Inside Diameters or Lengths 

Scale Short Length by 0. D. 

Scale Long Length (over 4 feet) by 0. D. 

V-Gauge—Calipers by 0. D. 

Thread Gauge Male by I. D. Female by 0. D. 

Plug Gauge ' by I. D. 

Taper Gauge Male by I. D. Female by 0. D. 

Bevel Protractor 

Depth Micrometers by Length of Depth 

Micrometers and Verniers (X2 on inside mikes) 

Height Gauge 

Tool Adjust By Stock Diameters 

Hexagon Turret or Cron Slide 

Tailstock (Hole Diameter) 

Tool Adjust on Work Supported on Both Ends—By Length 

Cross Slide 


M7 


*Couites]r the Monwch Machine Tool Company. 
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methods. The number of hours of direct 
labor estimated for a job is generally 
multiplied by a rate to account for fac¬ 
tory overhead. Often a single factor is 
used, including both the direct-labor 
and overhead rates. For’most tool esti¬ 
mating and for some product estimating, 
one overhead rate is applied to all opera¬ 
tions in an estimate. However, to reflect 
difference in methods and equipment, 
overhead should be broken down to an 
extent corresponding to the detail to 
which direct costs are estimated, as 
indicated in Fig. 10.12. Thus, different 
overhead rates may be used to estimate 
costs for different departments, work 
centers, or types of operations in a plant. 

As a rule, general administrative and 
selling costs are charged in proportion 
to the number of dollars of total manu¬ 
facturing cost. This may be done by a 
separate factor, or the charges may be 
included with direct labor and factory 
overhead in one rate, as in the example 
of Fig. 10.13. In that case, the $6.10 per 
hour rate against production unit time 
covers direct labor, factory overhead, 
general overhead and marketing costs, 
and expected profit. However, general 
overhead is not always related to factory 
overhead. The space designated “Plus 
Marketing and Profit Ratio” in Fig. 
10.13 is used to enter general overhead, 
marketing costs, and profit against out¬ 
side labor which is not charged with 
factory overhead and against which the 
$6.10 rate is not applicable. 

Standard purchased parts and mate¬ 
rial are not generally required to carry 
factory and general overhead, although 
practice in this respect is not uniform. 
A large markup puts such merchandise* 
in a poor competitive position, but 
charges for out-of-pocket expenses for 
shipping, purchasing, and handling are 
justifiable. 

An overhead rate based upon the prac¬ 
tical capacity of a plant may be desirable 
from ^e accountant’s standpoint, to 
estal^sh standard costs. The estimator 
needs a more realistic rate based upon 
an actual current or anticipated level of 
activity to forecast costs as they are 
likdy to be. The estimator must under- 
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stand the principles of the cost-account¬ 
ing system that furnishes him informa¬ 
tion to determine the relevancy and ade¬ 
quacy of the data. The estimator must 
careful not to duplicate items by 
estimating them individually if they are 
already included in the overhead rates 
furnished by the cost accountant. 

When costs are estimated to set a sell¬ 
ing or contract price, two figures may be 
helpful, especially as terminal points for 
negotiating the price. The first is an esti¬ 
mate of costs directly attributable to 
the project, including material, labor, 
and other direct costs plus that part of 
overhead that varies with the activity 
and that will be incurred only if the 
job is undertaken. The second figure is 
the sum of the first plus the proportion 
of fixed costs that do not depend on the 
specific job but toward which the job 
should contribifte as much as possible. 


11.6 ESTIMATING THE COSTS OF 
AUXILIARY SERVICES 

As a rule, most of the auxiliary 
services of production are included 
in overhead for estimating purposes. 
However, when such items are sizable 
and do not vary in proportion to direct 
manufacturing costs, it is preferable to 
estimate them individually. For instance, 
the cost of entering and following up an 
order may be the same for a small as for 
a large order. Engineering development 
and design may involve only slight modi¬ 
fications for one job but may be quite 
extensive for another. 

Services that involve creative work or 
the solution of unforeseeable problems 
are not amenable to standardization. The 
amount of time to design a mechanical 
device may be estimated on the basis of 
what has been found necessary for a 
similar job or on the basis of how much 
time the designer thinks he will need. 
Whenever a sizable amount is at stake, 
it is always well for an estimator to seek 
the opinions of those who will have to 
fulfill the estimate in performance. 

The time estimated for a service such 
as engineering is multiplied by an hourly 


TOOL ENOINintlNO 



TOOl EN9INHRIN0 


IIJJ 

rate to obtain the cost of the service. If 
several grades of designers, draftsmen, 
or other workers are employed on a job, 
the rate may be different for the time 
expended by each group. The hourly rate 
covers direct labor and also charges for 
administration, selling, supervision, hous¬ 
ing, light, heat, and so forth. 


11.7 ESTIMATING COSTS FOR THE 

FUTURE 

Current costs for labor, material, 

and overhead are usually safe for 
an estimate that will materialize in a few 
days or weeks. On the other hand, esti¬ 
mating may be quite hazardous when 
costs are to be incurred and returns are 
to be realized after a lapse of months or 
years, such as after a period of designing, 
planning, and so on. Predbnt costs and 
quotations must serve as a start in pre¬ 
paring estimates for the future, but they 
may, have to be modified. An estimator 
must be in touch with economic trends, 
or must seek advice from someone who 
is, to estimate costs and prices far in 
advance. 

Not only future prices, but also an¬ 
ticipated volume and facilities, must be 
studied. Unit fixed and overhead costs 
tend to increase as volume decreases, and 
vice versa. Also a higher output may 
permit the utilization of improved equip¬ 
ment and work methods. New products 
may absorb some of the overhead costs 
of a plant. 


11.8 THE COSTS OP COST ESTIMATING 

Every estimator knows that some 

of his estimates are high, others 
are low, some are close, and a few are 
far from true costs. If estimating is done 
conscientiously and competently, errors 
arise from the chance effects of many 
factors that cannot be investigated fully 
without unreasonable expense. Accuracy 
is improved by breaking a project into 
elements because small items can be 
estimated more precisely than large ones 
and the errors in estimating the individ- 
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ual elements tend to offset each otter. 
The best situation prevails when a proj¬ 
ect is broken down into elements of ap¬ 
proximately equal size. 

Although the costs estimated for jobs 
over a period of time may be on the 
average close to the true costs of the 
jobs, the error in each job represents a 
real or potential loss. A job ttet is esti¬ 
mated low results in a real loss. A job 
that is high is in a poor competitive posi¬ 
tion. The discrepancies in all jobs may 
be reduced by breaking the jobs into 
more elements, but that increases the 
cost of making the estimates. The most 
economical number of elements for any 
project is that number that results in the 
lowest total cost. 


11.9 THE PROPER NUMBER OF ELE¬ 
MENTS IN AN ESTIMATE 

The. theoretical number of ele¬ 
ments into which a project should 
be divided for the lowest total cost is* 

when Pi is the spread distribution of 
percentage errors in estimating the par¬ 
ticular type of project on an over-all 
basis, C IS the value of the project or 
the amount at stake in dollars, c is the 
cost of estimating each element, and b 
and" q depend upon the estimating sys¬ 
tem..The factor 6 is usually less than Vi 
and the exponent q less than 1. This re¬ 
lationship indicates that total estimating 
cost is near the minimum over a large 
range of numbers of elements around n^. 
That means that a uniform estimating 
procedure is economical for all projects 
of any particular type in a plant. 

The theoretical numbers of elements 
desirable for estimating projects of vari¬ 
ous characteristics are indicated by 
points in the shaded zone of Fig. 10.15. 
A project several times as large as an- 


*L. E. Doyle, “An Analysis of Cost 
Estimating Principles and Practices,'^ Pti- 
per T-0, American Society of Tool Engi¬ 
neers, 1952. 
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Paper T9-1, 1952, The American Society of Tool En¬ 
gineers. 


FIG. 10.15 THE THEOHETICAL OPTIMUM NUMBER OF 
ELEMENTS FOR ESTIMATING THE COST 
OF A PROJECT. 


Other requires less than a proportionately 
larger number of elements. 


12. TOOL DESIGN 

A tool is a device for working or 

cutting a material into a desired 
shape, for holding workpieces, or for 
measuring parts after work has been 
completed. This definition embraces 
implements used in all industries, but 
tool engineering is generally concerned 
with the tools of the metal-working in¬ 
dustries. These are machine tools and 
accessories, cutting tools, fixtures, jigs, 
dies, and gages. Also recognized as tools 
are such adjuncts as collets, sleeves, and 
toolholders. 

Machine tools are machines capable 
of reproducing themselves or other ma¬ 
chines. The basic machine tools are the 
lathe, milling machine, drill press, planer, 
and shaper. Others, such as the turret 
lathe, boring mill, and grinders are modi¬ 
fications of the basic types. The design 
and construction of machine tools is a 
specialized industry, but tool engineers 
throughout the metal-working industries 
are engaged in designing and modifying 
attachments and the other tools that 
augment and supplement machine tools. 


12.1 CLASREg OF TOOLS 

Tools differ in quality and conse¬ 
quently in cost. A durable, accu¬ 
rate, and rapid-acting but expensive tool 
is economical for producing a large num¬ 
ber of parts. A relatively cheap tool is 
adequate for few parts. In this respect, 
tools may be classified as follows: 

Class I or A tools are of the highest 
quality to produce large quantities of 
precision products, generally in excess of 
10,000 pieces. They must have long lives, 
be accurate throughout their lives, be 
easy to maintain, and be able to produce 
at a high rate. They are the most expen¬ 
sive to build. All details subject to wear 
are made of hard, wear-resistant mate¬ 
rials and are readily replaceable, as are 
also any necessarily fragile details. The 
main members of such tools are heavy 
and rugged. Provision is made for easy 
chip removal and for application of ade¬ 
quate cooling and lubricating fluid. 
Mechanisms must be quick-acting, often 
automatic, and foolproof. Dies are de¬ 
signed in progressive, combination, or 
compound forms to minimize work han¬ 
dling. Molds are made with multiple 
cavities, knockouts, and chrome plating 
for long life and are adaptable to semi¬ 
automatic and transfer presses. Cutting 
tools are usually cemented carbide types. 
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Casting patterns with aluminum match- 
plates and multiple prints and metal core 
boxes and dryers are used. 

Class II or B tools are designed to 
produce interchangeable products but in 
medium quantities, a few thousand or so. 
They are simple, made of cheaper mate¬ 
rials, have lighter members, cost less than 
Class I tools, and are made to last only 
long enough to produce definite quanti¬ 
ties of parts. Mechanisms are simple, 
slow-acting, and require operator atten¬ 
tion. For this class, several simple dies 
would be built instead of one complex 
die, but they would be steel dies of con¬ 
ventional construction. Single- and dou¬ 
ble-cavity molds are used on hand 
presses. Many cutting tools in this class, 
especially form tools, are of high-speed 
steel. 

Class III or C tools ar^ the cheapest 
that can be used for low production, a 
few hundred to a few thousand pieces, 
without excessive operating cost. They 
are simple, rarely combine operations, 
and require skilled operators. Wear 
plates, blocks, and so forth, may be pro¬ 
vided but are seldom hardened Stand¬ 
ard measuring instruments are preferred 
to gages. Conventional machine tools 
with standard attachments and acce.s- 
sones are u.sed. Continental-type dies are 
characteristic of this class. For castings, 
aluminum matchplates but wooden pat¬ 
terns and core boxes are common. 

Class IV, D, or temporary tools are 
made to produce only a very few parts, 
often on an experimental basis. They are 
the lowest-cost tools that will do a job 
at all. Standard holding devices, cutting 
tools, and basic machine tools are used 
almost entirely. Where a chuck or vise 
is not suitable, the work is clamped to 
the machine table. Dies frequently are 
not made for this class of work, but, 
where used, they are often made from 
soft metal or nonmetallic materials, and 
pieces may have to be finished by extra 
operations. Wood patterns are the rule. 

If the cost of a Class I tool is repre¬ 
sented by 4, then the approximate cost 
of a Class II tool is 3, a Class III tool is 
2, and a Class IV tool is 1. 


12.2 TOOL DESIGN FBOCEDtlRES 

A process plan informs the tool 

designer what a tool must do, un¬ 
der what conditions it must operate, and 
the type of tool required. The designer 
must select the necessary details and ar¬ 
range and proportion the device to per¬ 
form the required task efficiently. 

By the “project method” of tool de¬ 
sign, found in small plants, one designer 
is assigned to designing all the tools for 
one part. By the “group method,” each 
designer specializes in a particular type 
of tool, such as jigs, fixtures, or dies. In 
large plants, a method having the ad¬ 
vantages of both these methods has each 
project directed by a senior designer or 
group leader with assistants who spe¬ 
cialize. 


12.3 TOOL DRAWINGS 

The first sheet of a set of drawings 

shows the assembly or layout of 
the tool. An example of a layout drawing 
is shown in Fig. 10.23. The workpiece is 
drawn in phantom, commonly in red, in 
its proper position with respect to the 
tool during the operation. As many views 
are given as are necessary for clarity. 
Three views are conventional for a die: 
a plan view of the lower member, a 
plan view of the upper member (some¬ 
times turned upside down), and a front 
elevation of both members in working 
position, often wholly or partially sec¬ 
tioned. Small auxiliary sections are in¬ 
cluded where helpful. 

A stock list on the layout sheet speci¬ 
fies the detail number, number required, 
description or stock size, and material or 
specification for each detail. The layout 
carries assembly dimensions and general 
notes for the guidance of the toolmaker. 
In the case of a die, this may include 
the shut height of the die, diameter of 
shank, sizes and locations of holes for 
bolting the die to the press, and size, 
type, and stroke of press. To save time, 
small details may not be shown when 
they occur more than once on a tool lay- 
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out. For instance, it several identical 
screws are requir^, only one may be 
drawn completely, and the positions of 
the others may be merely indicated by 
center lines. 

12.4 TOOL DRAWING DIMENSIONS 

If a tool has only one or two de¬ 
tails, they may be dimensioned on 
the layout, but usually detailing only 
clutters the layout and is not satisfac¬ 
tory. As a rule, the details are identified 
by numbers on the layout sheet and 
drawn separately and dimensioned on 
other sheets. 

Tool dimensions that are related to the 
workpiece, machine, or other tools should 
have tolerances. For instance, the diam¬ 
eter of an arbor or locating plug on 
which a workpiece must fit must be given 
a definite tolerance. However, inter¬ 
changeability of tool details is seldom 
advantageous, and the dimensions of 
mating details within a tool may not 
have tolerances specified, depending 
upon the system for making the tools. 
By one system, practically all the work 
on a single tool is done by a skilled tool- 
maker or small group, who can be de¬ 
pended upon to get the best results from 
the means available. For instance, a tol¬ 
erance is not assigned to the diameter of 
a plug press fitted into a hole under 
such conditions, but the nominal diam¬ 
eter and a note calling for a press fit are 
specified. The toolmaker reams the hole 
and grinds the plug to fit. A second sys¬ 
tem of toolmaking employs specialists for 
the machining operations assigned to 
them by a toolmaker who assembles the 
details. The specialists are not aware of 
the specific purposes of the details they 
make, and detail drawings for their use 
should have tolerances specified on all 
dimenmons. 


13. CUTTING TOOLS 

13*1 CUTTING-TOOL MATERIALS 

Carbon tool steel contains from 
0.90 to 1.20 per c^t carbon and 
very little alloyuc elements. It is hard, 

/ . 
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and wear-resistant at low temperatures, 
takes a keen edge but softens at tempera¬ 
tures above 400“ F, and is limited to slow 
speeds and light work. Carbon tool steel 
is not used for production, but it is cheap 
and easy to fabricate and harden. It is 
made into special tools, like odd sizes of 
drills that are infrequently and lightly 
used, without too much investment. 

High-speed steel is highly alloyed and 
is made in many analyses and brands. 
One of the commonest types, known as 
18-4-1, contains about 0.55 to 0.75 per 
cent carbon, 18 per cent tungsten, 4 per 
cent chromium, and 1 per cent vana¬ 
dium. Molybdenum may mostly or wholly 
supplant the tungsten, as in a widely 
used “Moly” high-speed steel that con¬ 
tains 8 per cent molybdenum, 4 per cent 
chromium, 1% per cent tungsten, and 
1 per cent vanadium. Cobalt is added to 
some high-speed steels to improve red 
hardness. 

High-speed steel loses its hardness at 
red heat—i.e., above 1100“ F—and is 
capable of only moderate speeds. It is 
tough and can be fabricated and ground 
into many forma fairly easily but re¬ 
quires care in heat treatment. Its cost is 
moderate. 

Cast nonferrous alloys contain no iron, 
cannot be softened for machining, and 
must be cast to shape and ground to size. 
A typical alloy may contain from 43 to 
48 per cent cobalt, 17 to 19 per cent 
tungsten, 30 to 35 per cent chromium, 
and about 2 per cent carbon. Variations 
within the ranges produce various com¬ 
binations of hardness and toughness for 
different purposes. These alloys retain 
hardness and become tougher at red 
heat. They have a hard skin that stands 
the abrasive action of cast iron, malleable 
iron, and bronze. 

Cemented carbides, carbides, or sin¬ 
tered carbides are composed of hard 
particles of tungsten carbide, commonly 
mixed with tantalum and titanium car¬ 
bides to improve resistance to abrasion 
and to lower the coefficient of friction 
and held together by a binder of cobalt 
or nickd. The ingredients are mixed 
together in powdered form, compressed 
in a mold, presintered, and cut to desred 
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^pes. The blanks are sintered at high 
temperatures and finished by grinding. 

Cemented carbides are expensive but 
stand up under high speeds and tempera¬ 
tures, are hard but relatively brittle, re¬ 
move metal rapidly, give good finishes, 
and are economical for machining parts 
in large quantities. Various grades are 
made by varying the proportions of the 
ingredients to suit different uses. At one 
extreme are the hardest, but most brittle, 
carbides with high resistance to abrasion 
and wear. In other grades, hardness is 
sacrificed in various degrees for strength 
and shock resistance. 


Diamond is the hardest known mate¬ 
rial, can be run at speeds up to 5000 
8.f.p.m., cuts hard material, and produces 
fine finishes but is expensive, brittle, a 
poor heat conductor, and limited to light 
cuts. A typical application is the preci¬ 
sion boring of holes. (See Fig. 9S, p. 647, 
for diamond dressing tools.) 

As reported by Boston, the approxi¬ 
mate relative tool lives under compara¬ 
ble conditions are 30 to 50 per cent for 
carbon tool steel, 100 per cent for high¬ 
speed steel, 150 to 200 per cent for cast 
nonferrous alloy, and 300 to KXIO per 
cent for cemented carbides. 


no. 10.16 THE ELEMENTS AND ANGLES OF A SINGLB 
POINT TIPPED TOOL. 



IDOL CHARACTER (ABOVE) ABC0EF6HR 

BACK RAKE ANGLE -i | 

SIDE RAKE ANGLE-' 

END RELIEF ANGLE- 

END CLEARANCE ANGLE- 

SIDE REUEF ANGLE- 

SIDE CLEARANCE ANGLE- 

END CUTTING EDGE ANGLE- 

SIDE CUTTING EDGE ANGLE ■■■»■• -- 

NOSE RADIUS-^- 

(TRUE RAKE ANGLE ALONG UNE Z—Z IN OIRECDON OF CHIP 



TABLE 10.9 RAKE ANGLES FOR SINGLE POINT TOOLS 

Ri^e Angle Normal to Cutting Edge in Degrees 



Highspeed steel 


Back 

Side 

Work material 

rake 

rake 

Aluminum 

15 

35 

Brass 

0 

5-(-4) 

Cast Iron 

6-8 

12-20 

Steel, Soft 

8-14 

18-22 

Steel, Medium 

8 

12-18 

Steel, Hard 

5 

8-12 


13.2 ELEMENTS AND ANGLES OF 
CUTTING TOOLS 

The elements, angles, and stand¬ 
ard sizes of single-point tools are 
defined in the American Standard ASA 
B5.2S-1960, Single Point Tools and Tool 
Posts. The chief elements and angles are 
depicted in Fig. 10.16, together with the 
conventional ways of specifying the size 
and angles of a tool. 

Rake makes a tool cut easier but takes 
metal from behind and weakens the 
cutting edge. A practical rake angle, like 
those indicated in Table 10.9, is a com¬ 
promise between easier cutting and 
longer tool life. In general, a small rake 
angle is desirable for cutting hard mate¬ 
rials. Brass is an exception, because a 
tool with a large rake angle tends to dig 
into it. If a tool is set other than "on 
center,” its angles must be modified to 
give the proper effect in the particular 
position. 

The side rake angle helps to direct the 
chip away from the tool holder, reduces 
side deflection of the tool, reduces feed¬ 


Tool Material 


Nonferrous alloys 

Cemented carbides 

Back 

Side 

Back 

Side 

rake 

rake 

rake 

rake 



10-20 

10-20 



0 

4-14 

0 

4-6 

0-4 

0-4 

0 

10-20 

0 

10-20 



0 

3-10 



0 

0-5 


ing force, and weakens the tool less than 
the back rake angle. 

Negative rake angles that slope up¬ 
ward from the cutting edge have been 
found to give good results with carbide 
tools under certain conditions, such as 
where the tools are subjected to shocks 
from interrupted cuts. A tool with a 
negative rake angle receives impact be¬ 
hind the cutting edge and has extra 
material backing up its edge. A negative 
rake angle increases cutting forces at low 
speeds, but forces drop off at the high 
speeds possible with carbides; negative 
rake angles are usually from 2“ to 10“, 
with the other rake angle on the tool 
positive and 2“ to 5“ greater in magni¬ 
tude. 

A relief angle keeps the tool from rub¬ 
bing on the work but takes some support 
from below the cutting edge. For turn¬ 
ing, side relief must be greater than the 
helix angle of the cut and usually is 
larger than end relief. Relief angles be¬ 
tween 5“ and 12° are usually ground on 
lathe tools. The larger angles are suitable 
for soft materials like aluminum. Brittle 


FIG. 10.17 THREE COMMON TYPES OF CHIP 
BREAKERS. 
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cutting edges of carbide need support 
and usually have small relief angles. 
Shaper or planer tools are subject to 
shock and may have relief angles as 
small as 4°. The tip on a tool usually 
overhangs the shank, with a secondary 
relief or clearance angle from 2° to 
larger than the relief angle to make the 
tool easy to grind. 

An end cutting edge angle reduces 
drag on the front of the tool that tends 
to cau^ chatter. In most cases, 8® to 
15® are sufficient behind a flat 1/16 to 
5/16 in. long adjoining the nose radius 
for wiping action. Cutoff and other end 
cutting tools have no end cutting edge 
angles. 


A side cutting edge or lead angle in¬ 
creases tool life because it permits initial 
contact behind the tip when a tool enters 
a cut, gradual emergence from a cut, and 
an increased length of cutting edge in 
action. Tins angle is usually 5* to 20®, 
but scanetimes is as high as 30® to 40®. 
Too large an angle promotes chatter. No 
side cutting edge angle is desirable for 
cutting a forging or casting with a hard 
skin, under which the tool should get to 
crumble the hard material, or for cutting 
up to a square shoulder. The actual effect 
of the side cutting edge angle depends 
upon the setting angle. 

A nose radius increases tool life, but 
too much radius promotes chatter. De- 


FIG. 10.19 A CHART FOR DETERMINING SAFE SHANK 
SIZES FOR A TIPPED TOOL. 



CourtMy of the Cerboloy Department of General Elec* 
trio Co. 
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straUe amounts of nose radius are indi¬ 
cated by the nomograph of Fjg. 10.18, 
p. 695. 


13.3 CHIP BREAKERS 

Chip breakers are means for break¬ 
ing up troublesome long chips. The 
gullet type of Fig. 10.17 is a groove 0.015 
to 0.030 in. deep with a land 0.015 to 
0.030 in. wide behind the cutting edge 
and is for a tool with a large nose radius. 
The stepped-type chip breaker has a 
step 0.015 to 0 030 in. high ground into 
the face of the tool. The width of a chip 
breaker should be increased for larger 
cuts and may range from 1/16 in. for 
a depth of cut of 1/32 in. and a feed of 
0.010 in. per revolution to in. for a 
depth of cut of % in. and a*feed of 0.032 
in. per revolution. The mechanical type 
of chip breaker is a block fastened to 
the face of the tool. 


13.4 TOOL PROPORTIONS 

The chart of Fig. 10.18 specifies 

proijer tip thickness for cutting 
steel or alloy irons. Thinner tips are 
suitable for softer materials, and thicker 
tips for very tough materials. A line is 
drawn between the desired operating 
feed and speed on the side scales to 
intersect the diagonal line from which 
the proper chip thickness is read from 
the applicable scale. 

The chart of Fig. 10.19 is derived from 
both theoretical and practical considera¬ 
tions for determining the safe shank size 
of a tippied tool. In the example, a line is 
drawn between a desired depth of cut of 
Ys in. and a feed of 0.015 in. per revolu¬ 
tion. Another line is drawn from the 
point of intersection on the construction 
line to the point representing lYt in. 
overhang on the right-hand scale. Its 
intersection with the shank-size scale 
designates a % in. by 1 in. shank size. 
Tool overhang should be kept as small 
as possible. 


13.5 TYPES OF SINGLE-POINT 

CUTTING TOOLS 

A solid tool has the full section of 

its cutting end made of the cutting 
material. The shank may be of the same 
material as the end or may be of soft 
steel welded to the end. A tipped tool hiis 
a small piece or tip of cutting material 
attached to the end on top of the soft 
shank by brazing, welding, or clamping. 
A tool bit is a relatively small cutting 
tool clamped in a toolholder, and the 
assembly is called a bit tool. A radial tool 
acts with the axis of its shank substan¬ 
tially m a radial position with respect 
to the work, as in Fig. 10.16. A tangential 
tool is held with its shank substantially 
tangent to the work surface. A roughing 
tool is designed to remove large amounts 
of w'tock with a maximum tool life and 
for that purpose may have negative rake, 
a large side cutting edge angle, or a 
rounded nose, as required. A finishing 
tool has a keen edge, usually with more 
rake than a roughing tool. The keen edge 
and greater rake produce a good finish, 
and often the tool lias a specific shape 
to suit a given job. 

Common shapes of cutting tools are 
depicted m Fig. 10,20. A recessing tool 
is like a boring tool, but is designed to 
be fed in radially, to imdercut a form 
within a hole. A knurling tool has hard¬ 
ened steel serrated rollers on the end of 
a shank and is pressed against a revolv¬ 
ing workpiece to raise a non-slip pattern 
on the surface. A radius tool has a cut¬ 
ting edge in the form of an arc of a circle, 
concave or convex, of uniform radius. A 
form tool has a cutting edge with a pro¬ 
file or contour to be reproduced on a 
workpiece. Some form tools are of the 
radial type but most of those for screw 
machines are tangential. A skiving tool is 
fed tangentially over or under a revol¬ 
ving workpiece for finish forming. 


13.6 MULTIPLE-POINT TOOLS 

Moat drills, coimtcrsinks, counter- 
bores, spotfacers, milling cutters, 
reamers, and taps for manufacturing are 
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standard commercial items. The tool en¬ 
gineer’s main consideration is selecting 
them from manufacturers’ catalogs in 
which they are described. Even where 
special tools of these kinds must be de¬ 
signed, the problem is usually one of 
modifying a standard tool to meet a 
specific situation. A multiple-point tool 
is basically an arrangement of single- 
point tools each of which has angles and 
other features corresponding to those 
described for single-point tools. 

Specifications for standard multiple- 
point tools are given in the American 
Standards Association Bulletins ASA 
86.12-1960, Twist Drills; ASA 817f- 
1930, Woodruff Keys, Key slots, and Cut¬ 
ters; ASA 86.18-1943, Spindle Noses 
and Arbors for Milling Machines; ASA 


85cl-1947, Nomenclature for Milling 
Cutter Teeth; ASA 853-1960, Milling 
Cutters; ASA 85.14-1949, Reamers; 
ASA 85.4-1948, Taps; and ASA 86.11- 
1937, Adjustable Adapters. 


FIXTURES AND JIGS 


A fixture is a device that holds one 
or more pieces while work is being 
done. A jig also guides a tool that does 
the work. 


14.1 TYPES OF FIXTURES AND JIGS 

Fixtures may be classified accord¬ 
ing to the kinds of operations on 
which they are used, such as milling, 


FIG. 10.21 SPECUL VISE JAWS. 
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Doyle, Tool Enginoering: Anatvgu and Procedure, 
p. SM, Courtesy of the Swarts Tool Products Co. 


«FIG. 10.22 A UNIVERSAL JIG. 

lathe, turret lathe, boring, tapping, weld- are rigid, sturdy, accurate, easily con¬ 
ing and assembly fixtures. For any one verted from job to job, quick and easy 

kind of operation, fixtures of different to operate, open and accessible, and 

construction may be used. Thus, the economical for medium- and large-quan- 
name of a fixture may be descriptive of tity production, 
its features, such as a vise, plain, face¬ 
plate, v^ block, gear tooth, or indexing 

fixture. Examples of special jaws for 14.2 details of fixtures and jigs 

standard vises to make vise fixtures are 

given in Fig. 10.21. A fixture or jig usually locates the 

Jigs may be designated by operation, workpiece it holds and has locating 

such as drilling, reaming, or boring, but as well as clamping details. In addition 

mostly are limited to few kinds of oper- to the locators, a piece may be supported 

ation and are called by names descriptive by adjustable jack supports where 

of their purposes, shapes, or features of needed. Revolving tools are guided by 

construction, such as plate, ring type, jig or guide bushings, 

template, c^nnel, box, leaf, diameter. Fixtures for machining operations, es- 
vertical stand, angle, tumble, or built-up pecially milling, commonly have one or 
jig. more reference surfaces to which cutters 

Universal fixtures and jigs are made by are set with feeler gages, as indicated in 

adding detaUs to commercial bodies, as Fig. 10.23. These surfaces may be on 

exemplified in Fig. 10.22, to adapt them details used for other purposes, but set 

to specific jobs. The body consists of a blocks, gage buttons, or gage pins often 

base over which a plate or tray is raised are put on fixtures for the sole purpose- 
and lowered on posts to clamp or release of cutter setting, 
the work. Jig guide bushings are pressed Fixtures and jigs to be used on 
into holes jig-bored in the tray. A machine tools usually have details for 

handle on the side actuates the device positioning and fastening them on the 

through a mechanism which commonly machines. Milling and similar fixtures 

is self-locking. Universal fixtures and jigs may have bolt slots for fastening and 
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Doyip, Tool Engineering; Analytit and Procedure, p. 156. 
Courtesy of the Siewelc Tool Co. 


FIG. 10.23 A LAYOUT DRAWING OF A MILLING FIX¬ 
TURE WITH STANDARD DETAILS. 


keys for aligning, as shown in Fig. 10.23. 
Many jigs are moved about on machine 
tables and have four legs or pads for 
each position in which the jig is to be 
set. A jig may. have legs that can be 
swung into different positions or the jig 
may be placed on angle plates for drill¬ 
ing holes at angles. 

The details of a fixture or jig are held 
together by being fastened to a base, 
body, or jrame. 

In addition to the basic details, others 
may be added to fixtures and jigs to 
provide various refinements. In some 
cases, ejection pins with .an operating 
mechanism may be supplied to make 
removal of work easy. Foolproofing de¬ 
tails make it impossible to load a w'ork- 
piece except in ils correct position. That 
is commonly done by placing blocks or 
pins so that the workpiece will clear 
them only if it is positioned correctly. 


14.3 LOCATING DEVICES 

Common types of locators are il¬ 
lustrated in P’ig. 10 24. 

fiight location by means of scribed 
lines, points, or sight holes is slow but 
applicable for rough w'orkpieces varying 
considerably in size and produced in 
small quantities. 

A round pin, with a bullet nose to 
facilitate loading, is used to locate a 
single machined hole. Such a pin may or 
may not have a flange, as in Fig. 10.24, 
but a dirt groove or chip clearance 
should always be provided at the bottom 
of the workpiece. A pin over about one 
inch diameter is cut away at three 
equally spaced spots around its circum¬ 
ference to prevent binding. 

When two pins, or circular locators, 
are used together, the second should be 
a diamond pin to allow for the tolerances, 
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FIG. 10.24 LOCATING DEVICES. 




WORKPIECE- 



-VEE BLOCK SHOULD 
NOT BE ON SIDE 


Sj. on the dimension between hole cen¬ 
ters, and ( 82 , between pin centers. The 
diamond pin confines the work in a 
direction at right angles to the center- 
line between the two pins. A width of 
contact, W in., as small as Vs the nominal 
diameter of the diamond pin, but not less 
than %2 ^ considered satisfactory. 

Also, 

ir-f(D-<D-f 

where S= 81 + S 3 , D is the minimum 
diameter of the hole in the workpiece, 


and d is the maximum diameter to which 
the diamond pin can be made. 

Hardened rest buttons have good 
wearing qualities with relatively small 
exposed surfaces. Thrust is better taken 
endwise than sideways by a button or 
pin. Large locating blocks should be 
relieved. Ample space should be provided 
for burr or chip clearance. LocatossL. 
should be made easy to clean, by being 
as small as is consistent with durability; 
they should be accessible; they should 
be higher than surrounding areas, so 
that chips can fall off rather than on 
them; and they should be provided with 
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sharp edges where suitable to scrape 
loose particles from the work. 

Vee blocks are widely used for lo¬ 
cating round pieces. A 90° vee angle is 
best for most applications, but care must 
be taken that the axis is placed so that 
variations in workpiece location cause 
the least errors. Opposed vee blocks in 
pairs, with one fixed and the other mova¬ 
ble but guided, have the effect of locating 
three points on a workpiece. 

Interned and external conical locators 
at the ends of diameters allow for wide 
variations in workpiece length or di¬ 
ameters. The centers on a lathe are ex¬ 
amples. The forging in Fig. 10.22 is 
centered between the equivalent of two 
external conical locators, one fixed and 
the other movable. 

Adjustable locators often are needed 
for castings, forgings, or welded assem¬ 
blies that vary appreciably in size, espe¬ 
cially from lot to lot. 


14.4 CBNTBALIZ&BS 

A centralizer is a device that lo¬ 
cates the center line of two or 
more surfaces or points, as exemplified 
in Fig. 10.25. Conical locators and ad¬ 
justable vee blocks act as centralizers. 
A centralizer may perform a clamping 
as well as a locating function. 


14.5 CLAMPING DEVICES 

The conditions that clamping de¬ 
vices must satisfy are described in 
Art. 8.2. 

Two examples of strap clamps are seen 
on the fixture of Fig. 10.^. One is 
operated by a hand knob and screw and 
the other by a cam and lever. Both are 
held down by a stud, nuts, and spherical 
washer between*'the ends. A strap clamp 
may be arranged with the force applied 


FIG. 10.25 CENTRALIZERS. 
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FIG. 10.26 COMMON CLAMPS. 


to it from above at the stud and may ■ 
have its back end bearing on a block or 
on another workpiece. Other typical 
clamping devices are shown in Fig. 10.26. 

Most clamps employ some variation 
of the wedge, screw, cam, or toggle, 
with one or more levers, and are made 
irreversible. Screw-type clamps are sim¬ 
ple, cheap, and versatile and can be 
made to act over a large range, but are 
relatively slow. Cam and toggle clamps 
are faster but more expensive and have 
limited ranges. Thus, they may not be 


suitable for clamping rough workpieces 
that vary considerably in size. 

In general, the higher the rate of 
production, the more it is worth while 
to spend in making a clamping device 
quick and easy to operate. Air- or hy- 
draulic-actuated clamping devices S^fT" 
much more expensive but take less time 
and effort for operation than manual 
ones. A study has shown that air- 
operated chucks require on the average 
of the time for operation that manual 
chucks do. 
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Even with simple devices, much can 
be done to promote clamping efficiency. 
Each strap clamp of Fig. 10.2.3 is sup¬ 
ported by a spring around the stud to 
keep the strap from falling down when 
withdrawn from the work. Such springs 
are partly enclosed on some clamps to 
keep chips from clogging them. The 
straps are slotted so they can be slid 
away from the work. A pin projecting 
from the cam withdraws and returns 
the right-hand strap when the cam is 
loosened and tightened. The tightening 
screw of the left-hand clamp is guided 
in a groove to control the strap when 
it is moved back. Stops are helpful to 
control swinging clamps. 


14.6 MECHANICS OF CLAMPS 

The force exerted in tightening a 

clamp manually depends upon the 
strength of the operator and the effort 
he is willing to make. From 50 to 100 
in. lbs. may be exerted on a hand knob. 
Small, knurled screw heads are not con¬ 
sistent because even a little wetness or 
oiliness makes them rather slippery. The 
forces in Table 10.10 are those that 
studies have indicated are exerted on 
various types of levers. A clamp is de¬ 
signed to deliver the required clamping 
force when the input is low but to be 
able to withstand the highest force 
likely to be imposed on it. 

The force exerted by an air 
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or hydraulic cylinder is Fp = 0.7854 
(/>* —The diameter of the piston 
is D in., and of the rod d inches. Most 
factories have air pressure, P, of 80 to 
100 pounds per square inch, but it may 
drop to as low as 40 to 50 pounds per 
square inch in remote areas. Commer¬ 
cial hydraulic units are available to sup¬ 
ply almost any pressure up to 1,200 
pounds per square inch. A clamp is less 
likely to stick in closed position if closed 
by pressure applied to the rod side of 
the piston. Danger of a clamp opening 
as a result of pressure failure is elimi¬ 
nated by transmitting the clamping force 
through a locking mechanism, such as a 
cam. 

A screw or nut exerting a minimum 
force of W pounds and a maximum force 
three times as large and capable of a 
working stress of 10,000 pounds per 
square inch sh6uld have a nominal di¬ 
ameter in inches of d = 0.0235 v^. The 
torque in in. lbs. that must be exerted 
on an N.C. thread screw or nut is ap¬ 
proximately T = Q2dW. 

A desirable width, in inches, for a 
strap clamp is ii> = 2.3d+^e, only 
slightly more than the diameter of the 
proper washer for the stud of diameter 
d in. With the nut and washer bearing 
halfw'ay between the ends of the strap 
of length L in., a reasonable thickness 
for the strap is h = 0.46 y/dL. 

An eccentric circular cam is cheaper 
to make but must be larger to stay 
locked and gives less mechanical ad- 


TABLE 10.10 MANUAL FORCES EXERTED ON VARIOUS TYPES OF LEVERS 


Type of lever 

Low 

- Force in lbs. - 

Average 

High 

Single lever: 

Push or pull vertically from about 20 to 35 in. 
above floor level. 

60 

95 

140 

From about 35 to 50 in. above floor level. 

30 

65 

100 

Push or pull horizontally. 

••a*,! 

30 

65 

100 

Cross bars: 

Push or pull vertically or horizontally from 
convenient position. 

80 

160 

240 

Handwheel: 

Vertical and parallel to body. 

60 

125 

100 

Vertical and perpradicular to body. 

80 

160 

240 

HorizontaL 

70 

140 

210 
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vantage than a spiral cam under the 
same conditions. The locking action in 
either case depends upon friction at 
the cam face and may be impaired by 
lubrication or vibration. The minimum 
locking radius in inches of a spiral cam 
is R = l/27rf, where I is the lead in 
inches, and / is the coefficient of friction 
at the cam face. If / = 0.1, R = 1.6/. The 
minimum radius in inches for a circular 
cam of eccentricity e in. or throw T in. 
is 

/J = e ^cos B + 


T / . , sin B\ 

cos \ f / 


The angle of throw is 6 . 

The torque in in. lbs. to cause a spiral 
cam to exert a clamping force of F lbs. 
is approximately 


r = F(; 


+ fZ/ + r/ 


where r is the radius of the pivot in 
inches. For a circular cam, it is approxi¬ 
mately 

T^Fie+Rf+rf). 

Some manufacturers of clamping de¬ 
vices specify the forces that tests have 
shown their products are able to de¬ 
liver. 


14.7 ADJUSTABLE JACK SUPPORTS 

A screw makes the simplest jack 
support, but with it the operator 


can distort the work if he is not careful. 
One form of jack screw has a ratchet 
head that limits the force that can be 
applied. Other types of jack supports are 
shown in Figs. 10.23 and 10.27. Operat¬ 
ing time is saved when several jack sup¬ 
ports are arranged to be locked or 
operated from one control. 


14.8 JIO BUSHINGS 

Typical jig bushings are depicted 

in Fig. 10.28. Headless bushings 
are pressed into place, may be used alone 
for low production, and serve as liner 
bushings. A head keeps a bushing from 
being pushed through the plate, provides 
a place for clamping, helps protect the 
soft bushing plate from misdirected cut¬ 
ting tools, can serve as a bearing for a 
depth stop collar on a tool, and is the 
place where a slip bushing is grasped. 
Fixed or plain head type bushings are 
pressed in place to remain until worn 
out or no longer needed. If expected to 
be replaced when worn, a bushing is 
inserted in a liner with or without a 
head. A clamp or lock screw keeps a 
bushing from being pushed out by chips 
or from turning with the tool and wear¬ 
ing the hole in which it fits. A slip re¬ 
newable bushing can be turned back 
slightly and withdrawn from the hole. 
Slip bushings can be used to guide tools 
of different sizes, such as a drill and 
reamer, in succession in one hole, or 
one bushing may be used for several 
holes in a workpiece where production 


FIG. 10.27 ADJUSTABLE JACK SUPPORT. 
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FIG. 10.28 JIG BUSHINGS. 


is low. Screw bushings, like the one in 
Fig. 10.24, act as locators or clamps as 
well as tool guides. 

Jig bushings may be purchased in 
standard sizes listed in manufacturers’ 
catalogs and in ilSA B5.6-1941, Jig 
Bushings, based upon jig-plate thick¬ 
nesses of y 2 , 1, 1%, and 1 ^ 4 , 

inches. They are available ground to 
size or in. oversize for fitting. Special 
bushings are made to suit unusual con¬ 
ditions, such as when extra length is 
required or two holes are too close 
together for separate bushings. 

A tool is guided best when a bushing 
is close to the work surface, but chips 
must pass out through the bushing and 
cause wear. That arrangement gets the 
chips out of the jig, which is particularly 
helpful where long and thin chips may 
become tangled in the jig. Wear is re¬ 
duced by keeping the bushing away from 
the work surface a distance equal to 
about 1% times the tool diameter. Thus, 
both positions have merits, and the one 
to adopt depends upon conditions in 
each case. However, compromise is not 
desirable because it has the disadvan¬ 
tages of both extremes. 


_ 15. PUNCHES AND DIBS 

15.1 APPLICATIONS 

Punches and dies are used in many 
industries for metal cutting, form¬ 
ing, stretching, and squeezing. 
Metal-cutting operations include 


blanking, piercing, perforating, shearing, 
parting, cutting off, trimming, slitting, 
notching, shaving, and broaching. In 
blanking, the piece wanted is punched 
from the stock. Holes are punched in 
a part by piercing, small closely spaced 
holes by perforating. Parts are separated 
from each other or from the parent 
stock and cut to length by shearing, 
parting, and cutting off. Trimming is 
the shearing of the flanges of drawn 
shells or forgings. Shaving removes 0.001 
in. or so from the edge of a blank to 
make it accurate and square and to give 
it a good finish. 

Metal forming beyond the elastic limit 
by bending or shaping, curling, wiring, 
stamping, embossing, and beading oper¬ 
ations is not severe. Bending stresses a 
part in tension on one side and in com¬ 
pression on the other side of its neutral 
axis to form one or more angles. Curling, 
wiring, or false wiring consists of bend¬ 
ing over the edge of a cup or bucket with 
a curl to form a smooth rim. The wire 
inside of the curl is usually omitted in 
modern practice. The thickness of the 
material is not changed appreciably in 
stamping, embossing, or beading to raise 
or depress a pattern or rib on thin metal. 
Embossing is somewhat more severe and 
produces a sharper impression than 
stamping. 

Drawing, redrawing, reducing, bulg¬ 
ing, and ironing are stretching operations 
for producing relatively deep cavities by 
working or forming materials severely. 
In draunng, the metal is made to flow 
from a flat blank into a cup or shell with 
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a continuous wall. Several draws may be 
necessary to produce a part, and oper¬ 
ations aher the first are called redraw- 
ing or reducing. Bulging is commonly 
performed to bulge out the contour of 
a cup between the rim and bottom. 
Ironing thins the walls by redrawing 
and at the same time squeezing a cup 
between the punch and die opening. 

Squeezing operations are coining, siz¬ 
ing, swaging, forging, upsetting, and 
extruding. Coining is a severe high- 
pressure operation in a closed die causing 
the material to flow into sharp designs 
on the surfaces of a piece. In sizing, 
a part is squeezed to a definite thickness. 
Tolerances of 0.005 in. or less are com¬ 
monly held in sizing parts in production. 
Swaging, forging, and upsetting are oper¬ 
ations for squeezing slugs into definite 
shapes in production. Forging is done 
hot or cold and is called upsetting when 
done lengthwise on the end of a piece. 
Extruding is the method of compressing 
metal and causing it to flow rapidly 
through an orifice with a definite cross 
section that is imparted to the product. 

15.2 TYPES OF DIES 

A punch is a detfiil of a press tool 

that enters the opening in another 
detail called the die or die block. The 


nr 

complete assembly or press tod is also 
called a die. A die that performs a 
single operation is named for that oper¬ 
ation, such as a blanking die, bending 
die, or coining die. 

A progressive or follow die has a series 
of stations. Each piece in a strip passes 
from station to station and through a 
series of operations, such as piercing, 
forming, and blanking, as in Fig. 10.29. 
At each stroke, a piece or pieces at the 
end of the strip are finished, and the 
strip is moved forward. 

A compound die has a single station in 
which blanking and piercing or perforat¬ 
ing are done on one piece at each stroke. 
The blanking punch contains the piercing 
die openings and is usually on the bot¬ 
tom, with the blanking die and piercing 
punches on top. 

A combination die performs cutting 
and forming or drawing operations si¬ 
multaneously in one station, as exempli¬ 
fied in Fig. 10.30. Because all operations 
are performed while a piece is in one 
station, combination and compound dies 
produce more accurate parts than pro¬ 
gressive dies, but as a rule are more 
expensive to make and maintain. 

A sectional die is composed of as¬ 
sembled sections instead of having a 
solid die block. Cam die is the name 
applied to a type of die often used for 


FIG. 10.29 A PIERCING, FORMING, AND BLANKING 
PROGRESSIVE DIE. 
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Doyle, Tool Enginemna: Analy$U mid Procedure, p. 419, 

FIG. 10.30 A COMBINATION BLANKING AND DRAW¬ 
ING DIE. 


forming and side-piercing operations; it changing the positions of the punching 
has horizontal or angular slides carrying units, 
punches actuated by cams on the de¬ 
scending punch holder. 

Several types of dies have cost-saving 15.3 DIB SETS 
features for low production. hinge- 

type die has its upper member or punch A production die is conventionally 

holder hinged to the die shoe for com- constructed upon a die set that 

pactness and ease of setup. A continental consists of a punch holder and die shoe 
die has a loose punch s. t on top of the kept in permanent alignment by two 
material and pushed through the die or more vertical leader or guide pins, 
^feloek. for each piece. A magnetic die has The guide pins are fastened to the die 

its punch and die block held by a mag- shoe, and the punch holder, often bushed, 

netic die set for temporary operation. An slides over them. The die shoe is bolted 
adjustable perforating die is made up of to the bolster plate of the press. The 

standard commercial punching units punch holder is bolted to or has its 

bolted to the members of a die set. shank clamped in the press ram. The 

Assorted jobs can be tooled easily by punch holder and die shoe are cast iron 
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Dimen$ton, in. Vm Stock vp to S/St m. Par Stock ovar 3/« in. 

A B C D S CDS 

O.OSl to 0.280 0.2.y)S 0.375 0.437 ^ 

0.251 to 0.375 0.3765 0.500 0.562 

0.376 to 0 500 0 5005 0.625 >5/81 11/16 min. 0.750 > 1/4 18/16 min, 

0.500 to 0.750 0.7505 0.750 | 1.000 [ 

0.750 to 1.000 1.0005 1.125 J 1.250 J 


FIG. 10.31 PIERCING PUNCH AND PUNCH PLATE 
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or semi-steel for ordinary purposes and 
steel for highest quality. The punches 
and die block are positioned in a die 
set so that the resultant of all vertical 
forces acting during a stroke passes 
through the center of the ram. Die sets 
are available commercially in a large 
variety of styles and sl 2 es. 


15.4 PUNCHES, PLATES, AND PADS 

A large blanking or forming punch 

usually is made with a flange by 
which it is bolted and dow'eled to the 
punch holder after being aligned with 
the die block in assembly. 

The length of the shank of a blanking 
punch for quantity production should 
include Vs to V4 in. for grinding to 
resharpen it during its life and enough 
more to reach the die block through the 
stripper plate and to shear the stock 
after the punch has been ground down. 
For stability, the width of the flange 
should not be less than the height of 
the punch. The nose of a drawing punch 
shoiild have a smooth radius all around 
of four to six times the stock thickness. 

Piercing punches are pressed in a 
punch plate, as shown in Fig. 10 29, and 
the plate is bolted and doweled to the 
punch holder. Head-type punches are 
widely used but require that the plate 
be removed to remove broken punches, 
which may have to be done frequently 
with small punches. Commercwl punches 
are available with locking devices that 
make pimch replacement quick and easy. 


A punch that is not round must be 
kept from turning by a pin through its 
flange and the punch plate. Small 
punches are often made shorter than 
large punches by the depth of penetra¬ 
tion to shear the stock to avoid crowd¬ 
ing and breakage. Proportions of 
piercing punches and plates are sug¬ 
gested in Fig. 10.31. It is generally diffi¬ 
cult to pierce a hole smaller in diameter 
than the thickness of the stock. 

A hardened backing plate or punch 
pad may be inserted behind small 
punches, as shown in Fig. 10.29, to 
keep them from digging into the soft 
punch holder and working loose. 


15.5 DIE BLOCKS 

Average die-block thicknesses are 

indicated in Fig. 10.32. The dis¬ 
tance between any cutting edge and an 
outside edge of a die block should not 
be Jess than the thickness of the die 
block to avoid cracking in heat treat¬ 
ment and service. A die opening for 
blanking or piercing is straight for a 
short distance below the top of the block 
and then is tapered to on a 
side on through the die block and shoe 
to prevent blanks and slugs from stick¬ 
ing. Satisfactory practice is to mak^be 
straight portion Vs in. long for stock 
less than Vfe in- thick, and equal to the 
stock thickness when it is more than 
Vs in. thick. 

The edge of a die opening over which 
metal is drawn is given a radius four to 
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FIG. 10.32 AVERAGE DIE BLOCK THICKNESSES. 


six times' the metal thickness and is 
highly polished. 

Most punches and die blocks are made 
of tool and die steel. A large variety of 
steels is available to suit many purposes. 
Nonferrous alloy and cemented carbide 
die-block inserts, punch tips, and solid 
small punches have proved successful for 
severe service and high production. Ce¬ 
mented carbide dies are reported to last 
20 to 40 times longer than steel dies for 
cutting, and 10 to 30 times longer for 
forming. For low production, especially 
with soft work materials, dies are made 
of rubber, plastic materials such as 
Masonite, and of low-temperature metals 
and alloys that are quicker and easier 
to fabricate and sometimes more avail¬ 
able than steel. 

Die buttons, like that in Fig. 10.29, 
are commonly inserted for piercing boles 
in long-run die blocks because they can 
be replaced if breakage or wear occurs. 
The bushing should extend about three- 
quarters of the way through the block 
to allow for grinding and still leave am¬ 
ple bearing in the block. 


15.4 DIE CLEARANCES 

A definite space or clearance is 
provided all around between a 
punch and die, as illustrated in Fig. 
10.33, to obtain a clean cut and a mini¬ 
mum cutting force. A hole punched in 


a piece is the size of the punch. The 
slug or blank punched out is the size of 
the die opening. Thus, for piercing, the 
punch is made to the hole size desired, 
and the die opening is made larger than 
the punch by the amount of the clear¬ 
ance on two sides. For blanking, the die 
opening is made to the size of blank 
required and the punch is made smaller. 

The clearance between a drawing 
punch and die usually is more than the 
thickness of the stock, as much as 50 
per cent more for the first draw and 
25 per cent for subsequent draws when 
thickening of the material is not ob¬ 
jectionable. Ironing clearance is less than 
the original thickness of the stock, with 
a theoretical maximum reduction of 50 
per cent in wall thickness, although as 
much as 64 per cent has been reported. 

15.7 STRIPPER PLATES 

The two kinds of stripper plates, 

fixed and spring, serve to strip ma¬ 
terial from punches, hold down material 
for forming or drawing, and guide 
punches. A spring stripper that acts 
as a pressure plate is shown in Fig. 
10.30. A spring stripper that guides 
piercing punches must be accurately held 
in line by guide posts. A stripper that 
does not guide the punches may have 
clearance % 0.010 to 0.015 in. around 
small punches, and 0.001 to 0.005 in. 
aroimd sturdy punches. 





STEEL 26 

FIG. 10.33 DIE CLEARANCE. 


A fixed stripper plate, as on a pro¬ 
gressive die, has a lengthwise slot to 
guide the stocks. Proportions found ade¬ 
quate for stripper plate slots by a large 
manufacturer are given in Table 10.11. 
A safe thickness in inches for a stripper 
plate above the slot is T = W^/30 •+• 2t, 
where IP is the stock width in inches, 
and t is the stock thickness in inches. 
The screws that hold doll-n the stripper 
plate and die block must have sufficient 
strength to resist the stripping force, 
which with dull tools may amount to 15 
per cent of the cutting forces. 

Stripper plates are made of machine 
steel for ordinary dies, tool steel un¬ 
hardened for good-quality dies, and 
hardened for severe service. Guide bush¬ 
ings, like that in Fig. 10.29, similar to 
jig bushings, are inserted in soft stripper 
plates to inhibit wear in guiding punches. 

A knockout supplementing the springs 
actuating the ejector in Fig. 10.30 is 
depressed by a positive stop on the press. 


15.8 STOPS AND PILOTS 

Finger or starting stops, as in Fig. 
10.34, position the stock in one 
station after another when a new strip 
is started through a die, and retract when 


not needed. Stock aligning pint are 
spring-loaded to press the stock against 
one side of the stripper-plate slot. After 
a strip has been started through a die, 
it is located for one piece after another 
by a stock stop that usually registers 
against the scrap left between the blank 
oponing.s. A simple stop is a fixed pin. 
A swinging stop is shown in Fig. 10.34. 
The strip is moved under the stop, which 
swings out of the way, and then is 
brought back to bear against the stop. 
This stop i.« slower than an automatic 
stop, one version of which is shovm in 
Fig. 10.29. The pin that locates the stock 
is a loose fit in a hole in the stripper 
plate. A trip on the punch holder pushes 
the handle of the stop down when the 
ram descends. This raises the stop pin 
which is pressed by a spring against the 
right side of the hole and falls on top of 
the stock when the rarn ascends. When 
the stock is moved forward, the pin falls 
into the next blank opening. The side 
of the opening that comes up next pushes 
the pin against the right side of the 
hole in the stripper plate, and the stock 
is stopped and positioned. 

To produce accurate parts, a progres¬ 
sive die has pilots that register in holes 
pierced in the first stations to align them 
with the blank. If a part dues not have 


TABLE 10.11 DIMENSIONS OF SLOTS IN FIXED STRIPPER PLATES 


Width of stripper slot 

Thickness of 

Slot wider than 

stock, in. 

stock by _ in. 

0 to 0.040 

5/64 

0.041 to 0.080 

3/32 

0.081 to 0.120 

7/64 

Over 0.120 

1/8 


Depth of stripper slot 


Thickness of 
stock, in. (Ti) 

0 to 0.0625 
Over 0.0625 

(For silicon steel the minimum 
depth is 1/8 in.) 


Depth of 
slot, in. 
0.025 -f 2T 
0.090 -hT 
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holes in itself suitable for piloting, holes 
for that purpose may be pierced in the 
scrap. A simple form of pilot is shovm 
in Fig. 10.29. Other types and propor¬ 
tions are given in Fig. 10.35. If misfeed 
occurs, a spring-loaded pilot retracts 
without causing damage. A die should 
be arranged so that when the pilots 
register they draw the stock a few thou¬ 
sandths of an inch away from the stops 
and side of the stripper plate. 

Parts fed individually into a die are 
commonly located in a nest that should 
be three to four times as high as the 
blank thickness and should have well- 
rounded edges on top. 

A shedder, spring, or kick pin, as 
shown in Fig. 10.35, dislodges blanks or 
slugs that tend to adhere to the face of 
a pimch. 

Stop blocks about 1V& inches in di- 
anaeter may be placed in a die set within 
the slide area of the press to help set 
up by indicating when the die is closed 
and to prevent the die from closing in 
storage. 

A punch that cuts, shaves, or forms 
mostly or entirely on one side must be 


backed up to prevent excessive deflec¬ 
tion. A backing-up surface may be pro¬ 
vided on the die block in some dhses. 
Otherwise, the punches are reinforced by 
bearing against backing blocks that often 
have wear plates of hardened and ground 
tool steel or bronze, with provision for 
lubrication and adjustments to compen¬ 
sate for wear. The heel of the punch must 
make contact with the backing-up sur¬ 
face before the punch acts. 

15.9 PRESS DIMENSIONS 

An important dimension of a press 

that must be considered in the 
design of a die is the shut height, which 
is the distance from the top of the 
bolster plate to the bottom of the ram 
when the ram is at the bottom of its 
stroke and its adjustment is all the way 
up, resulting in the maximum vertical 
space the die can occupy when closed. 
Other dimensions to be considered are 
the length of stroke, ram adjustment, 
diameter of hole in ram for punch-holder 
shank, bolt holes for clamping punch 
holder to ram, distance from center line 


FIG. 10.35 PILOTS. 
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of shank opening to press frame, relation 
of axis of shank opening to bolster plate, 
distance between ways if ram goes up 
between ways, sizes of openings in bolster 
plate and press bed, and sizes and po> 
sitions of bolster plate holes for bolts. 
If a roll feed device is to be used on the 
press, the direction of feed and the dis¬ 
tance from the top of the bolster plate 
to the center of the roll feed must be as¬ 
certained. 

15.10 STOCK LAYOUT 

Planning the size of stock and ar¬ 
rangement of the pieces for least 
scrap loss and most economy is one of 
the most important steps in the design 
of a die. This leads to the arrangement 
of the punches in the die. Templates of 
the blank may be cut out and tried in 
all possible arrangements "to find the one 
requiring the smallest total amount of 
material per piece. The parts should be 
arranged to utilize standard conunercial 
widths of stock if possible. A part to be 
bent later must be blanked in proper 
relation to the grain of the material. 
Bending is done best at right angles to 
the grain. 

The side of a blank next to the punch 
face has square edges and is called the 
flat side. It must be on one specific side 
of the blank in many cases. The other 
side has slightly rounded edges and is 
called the round side. 

15.11 DRAWING 

Because drawing is a severe oper¬ 
ation, it must often be done in 
stages, and a series of tools must be 
provided accordingly. As a rule, a part 
requires more than one draw if the ratio 
of its height to diameter exceeds to 
more than two draws if the ratio 
exceeds % to iVs; more than three 
draws if the ratio exceeds 1% to 2; and 
so forth, depending upon the material 
ductility and condition and the nature 
of the operation. A comer radius in a 
shell should exceed four times the stock 
thickness if extra operations are to be 
avoided. Considerations are more com¬ 


plex for drawing rectangular and irregu¬ 
lar parts, such as auto body parts.* 

The area of a single drawn cup of 
thin material and small comer radius 
is the same as the area of the blank, for 
practical purposes. If its metal thickness 
t and comer radius r are considerable, 
a cup of outside diameter d and inside 
height h may be drawn from a blank of 
the same material volume and diametert 

D = [(d — 2r — 20* + 4(d — t) {h — r) 
+ 2ir(r -f 0.4/) (d - 0.7r - 0.3/)]* 

The actual volume ratio may vary 
slightly with the metal hardness and die 
constmction. 

Stock of about 13 gage or heavier may 
be drawn in a simple shape without 
pressure applied to the blank. Under 
other conditions, the blank must be con¬ 
fined between pads under pressure while 
being drawn. With a single-action press, 
the pressure may be supplied by springs, 
as in Fig. 10.30, mbber pads, or hy¬ 
draulic or air cylinders. With a double¬ 
action press, the blank is held mechani¬ 
cally by the first action of the press while 
being drawn by the second action. The 
actual pressure required is difficult to 
specify for any particular case and is 
ascertained experimentally. 

16 . GAGESt 

16.1 TYPES OF GAGES 

A gage is a device for determining 
whether one or more dimensions of 
a manufactured part are within specified 
limits. A working gage is used by an 
operator on a machine to check the 
work he is producing. Inspection gages 
are lused to check finished pieces. Refer¬ 
ence or master gages are reserved for 
checking other gages. 

* E. V. Crane, Plastic Working of Metats 
and Non-MelaUic Materials in Presses 
(New York: John Wiley & Sons, Inc., 
1945). 

t Crane, Plastic Working of Metals and 
Non-Metallic Materials in Presses. 

t See Section 14, Inspection and Quality 
Control, Art. 9. 
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FIG. 10.36 TYPICAL GAGES. 


A gage that checks the high and low nation gage checks more than one dimen* 

limits of a dimension is called a limit sion on a workpiece at one time. ■ 

gage or a “go” and "not go” gage. A 
double-end gage has a “go” member at 

one end and a “not go” member at the 16.2 gage btandabds 
other end and must be applied twice to 

a workpiece. A progreaaive gage is The dimensions of standard gages 

quicker, with its “go” and “not go” are specified in Commercial Stand- 

members next to each other, but its ard CS8-41, Gage Blanks, U. S. Depart- 
action is sometimes limited. For instance, ment of Commerce, 
it is not suitable for probing the full Tolerances for plain cylindrical plug 
depth of a blind hole. A sglid gage is and ring gages have been standardized 

hx^ for one set of limits. An adjustable as shown in Table 10.12. Class XX gages 

gage can be set and locked to a pre- are precision lapped for the highest de- 

determined size within its range. grce of accuracy practicable and should 

Typical fixed gages are illustrated in be used only for the final inspection of 

Fig. 10.36. An indicating gage is a device close-tolerance dimensions and as refer- 
that reflects one or more dimensions of ence gages. Class X gages are also pre- 

a workpiece on a visual scale. A combi- cision lapped and are usually applied to 
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TABLE 10.12 STANDARD GAGE TOLERANCES FOR PLAIN CYLINDRICAL PLUGS 
AND RINGS' 


nominal size of 


- Gagemakers* tolerantx 

in in. - 


dimension 

in in. 



Class of gage 




To and 




ZZ (Ring 

Above 

including 

XX 

X 

V 

z 

gages only) 

0.029 

0.825 

0.00002 

0.00004 

0.00007 

0.00010 

0.00020 

0.825 

1.510 

0.00003 

0.00006 

0.00009 

0.00012 

0.00024 

1.510 

2.510 

0.00004 

0.00008 

0.00012 

0.00016 

0.00032 

2.510 

4.510 

0.00005 

0.00010 

0.00015 

0.00020 

0.00040 

4.510 

6.510 

0.000065 

0.00013 

0.00019 

0.00025 

0.00050 

6.510 

9.010 

0.00008 

0.0(K)16 

0.00024 

0.00032 

0.00064 

9.010 

12.010 

0.00010 

0.00020 

0.00030 

0.00040 

0.00080 


* Handbook H-2S, Serev Thread Standards for Federal 'Semxees (WuhiMton, D. C.: U. 8. Dept, of Com* 
merce, 104-1). Standard Gages (Poughkeepsie, New York' Standard Gage Co.). 


close-tolerance inspection. Class X to ZZ 
tolerances are progressively larger and 
the gages are used to inspect dimensions 
with correspondingly larger tolerances. 
Class Z is the regular commercial class 
of ring gage furnished when specifica¬ 
tions do not call for exceptional accuracy. 
Class ZZ gages are ground hut not 
lapped, are the most inexpensive of 
ring gages, and are suitable only for 
gaging small quantities of pieces with 
liberal tolerances. 

A gage tolerance is commonly limited 
to 10 iier cent of the tolerance on the 
part dimension and often to 5 per cent 
for inspection gages. A closer tolerance 
than necessary should not be specified for 
a gage because the gage cost rises rapidly 
as the tolerance is reduced. If the toler¬ 
ance of a part dimension is large, .say 
0.010 in., the gage makers’ tolerance may 
be selected from the most liberal class 


and a substantial allowance may be made 
for gage wear. 


16.3 GAGE POLICY 

A number of systems and many 

variations of each are in use for 
assigning tolerances to gages. A policy 
developed by Ordnance engineers and 
especially well suited for liberal part 
tolerances is depicted in Fig. 10.37. This 
system provides for wear of “go” gages 
but not ‘‘not go” gages, always allows 
the gage maker a tolerance, prevents 
conflict between working and inspection 
gages, and always remains within the 
workpiece limits. 

Three classes of thread gage tolerances 
and their applications are specified in 
Handbook H-28, Screw Thread Stand¬ 
ards for the Federal Services. 


FIG. 10.37 GAGE TOLERANCE POLICY OF ORDNANCE 
ENGINEERS. 
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1. INDUSTRIAL ACCIDENT EXPE¬ 
RIENCE AND COST 

A tremendous bill is paid each year 
for the treatment and cure of dis¬ 
abilities to workmen resulting from on- 
the-job accidents. Most of this bill is 
paid by the industrial concerns, large 
and small, employing the men when the 
injuries were incurred. The National 
Safety Council reports that each year 
the visible costs to American industry 
for workmen’s injuries are about $1,350,- 
000,000. The indirect costs covering the 


money value of damaged equipment and 
materials, production delays, and time 
losses of other workers not involved in 
the accidents amount to about $1,300,- 
000,000 per year. The visible costs in¬ 
clude the medical and hospital expenses, 
death benefits, and workmen’s disabttlty 
compensation as provided for by the 
various federal and state workmen’s 
compensation acts. These costs must 
come out of industry’s profits, since the 
responsibility is placed by law on the 
employer. Whether the employer is a 
self-insurer or insures his risk with an 
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insurance carrier, pays the cost of 
medical attention required by the injured 
employee and the pcunpensation the em¬ 
ployee receives during disability. 

In addition to the cost that is paid by 
the employer, the injured worker also 
suffers financially, because his injury dis¬ 
ability compensation never equals his 
earnings, except in some companies that 
have full-pay benefit plans. Even in such 
companies, there is a limit on the amount 
the injured worker can receive. Further¬ 
more, many injuries leave the worker 
permanently disabled and may prevent 
him from earning at the same level as 
he did prior to the injury. If, despite 
his handicap, hiis employer keeps him 
at the same wages as before the injury, 
the employer suffers a loss as long as 
the man is so employed. Either way, 
there is a cost penalty that must be 
assessed against someone. 

Some idea of the serious impact of 
industrial injuries on society and produc¬ 
tion output can be gained from a review 
of the U. 8. Department of Labor sta¬ 
tistical reports. One report indicates that 
although there have b^n substantial re¬ 
ductions in industrial injuries since the 
inception of organized safety programs, 
there are still about 2,000,000 disabilities, 
including 15,000 fatalities and 84,000 per¬ 
manent disabilities, in all classes of em¬ 
ployment each year. This number of 
injuries will result on the average in the 
loss of about 41,000,000 man-days of 
work during the year—which is equiva¬ 
lent to a loss from the labor force of 
137,000 full-time workers. When addi¬ 
tional allowance is made for the future 
effects on our economy of deaths and 
permanent physical impairments, the loss 
in total economic time amounts to about 
206,000,000 man-days. This is equivalent 
to a year’s full-time employment of 
nearly 690,000 workers. 

After workmen’s compensation laws 
were enacted starting in 1910, informed 
and progressive industrial management 
reali^ that the payment of insurance 
premiums or costs under a self-insurer’s 
permit represented a large drain on prof¬ 
its. Steel, mining, And oil companies were 
the first to make progress in the preven¬ 
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tion of accidents and to profit by the 
lower injury costs secured. Through a 
simple program of preventing contact 
with moving machinery and installing 
guard rails at elevated workplaces to pre¬ 
vent falls, substantial reductions in the 
incidence of injury were made. However, 
when a level about 25 per cent below 
the old rate was reached, it was found 
impossible to reduce the rate further by 
means of physical safeguards. The rea¬ 
son was, and still is, that the human 
factors have the greatest influence on 
safety in industrial operations. These 
human factors include, in their order of 
importance, the attitude of management 
regarding safety in company operations, 
the quality of superAnsion the worker re¬ 
ceives, the worker’s attitude toward his 
employing company and its employee re¬ 
lations policies and practices, and the 
skill or training that regulate the work¬ 
er’s actions on the job. 

As time went on, the compensation 
benefits provided for the injur^ worker 
were increased by law, and medical and 
hospital expenses doubled and trebled. 
Progressive management, faced with con¬ 
tinued increases in workmen injury costs 
in spite of ail the safeguarding that was 
done, realized that more planning, better 
organization, and more intelligent re¬ 
search were needed if accidents were to 
be prevented. The larger companies have 
been most aware of this need. Conse¬ 
quently, as reported by the U. S. Depart¬ 
ment of Labor, the accident rates and 
injury costs in the larger companies are 
substantially lower than in the medium¬ 
sized and smaller companies. 


2. NEED FOB ORGANIZATION AND 
PLANNING THE PROGRAM 

The need for planning, the need 
for intelligent administration of a 
safety program, and the need for an ade¬ 
quate organization to carry on the many 
parts of that program are greater today 
than they were early in the history of 
organized accident-prevention programs. 
There are many reasons for tbds. There 
has been a tremendous industrial expaa- 
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son, and production processes are more 
complicated and diversified. Almost all 
states have adopted restrictive safety 
orders and laws regulating design, type, 
and operation of industrial equipment. 
Organized labor has entered the field of 
safety and has demanded better protec¬ 
tion for its members while on the job. 
This section deals with the fundamentals, 
organization, administration, practices, 
and procedural details of accident-pre¬ 
vention programs that have proved effec¬ 
tive and economical in industry over a 
period of many years. If followed, suc¬ 
cess in reducing the frequency of acci¬ 
dents and their attendant injuries is as¬ 
sured. The results are lower production 
costs, gained not only through reduction 
in injury, compensation, and medical 
costs, but also through the greater ef¬ 
ficiency of operations an(^ production per 
man that comes from the better morale 
of workers in a plant that has a reputa¬ 
tion as a safe working place. This axiom 
applies to any plant and any company, 
regardless of size or type of product. 

In any industry, the program to pre¬ 
vent accidents or to reduce them to a 
reasonable minimum and the organiza¬ 
tion to carry on that program must be 
intelligently planned. Even in the small¬ 
est of companies, where the responsibili-' 
ties of developing production practices, 
maintaining equipment, purchasing, em¬ 
ployee relations, and safety rest in the 
hands of a single man, the safety pro¬ 
gram must be planned. The pattern dif¬ 
fers from that of a large company mainly 
in the number of people needed to carry 
it on. With the average cost of compen¬ 
sation insurance premiums for operating* 
and maintenance personnel ranging from 
about 2 per cent of payroll in manufac¬ 
turing industries to 10 per cent and 
higher in more hazardous industries, 
there should be no question of the value 
of a program that will reduce the acci¬ 
dent experience and the cost of insurance 
premiums. Since the inception of organ¬ 
ized safety in American industry, no 
safety program intelligently planned and 
diligently executed has failed to produce 
a good accident experience. This result, 
however, has been secured only after con- 
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sideration of the many factors and ac¬ 
tions outlined below. 

Safety is not an entity separate from 
production. It is not a field of industry 
set apart for the accident-prevention 
specialist. A safety program must be co¬ 
ordinated and integrated with the pro¬ 
duction program. The same executives 
who are responsible for low production 
costs and high production efficiency are 
responsible for carrying on the accident- 
prevention program. If the firm employs 
a safety engineer or a corps of safety 
engineers, they should be in a staff ca¬ 
pacity and their only authority should be 
to advise the executives and lower super¬ 
visors on problems encountered in pro¬ 
viding safe working places and promot¬ 
ing safe practices. They should have no 
authority to issue orders to workmen 
or supervisors. A safety engineer is re¬ 
sponsible only for the quality and the 
reliability of the service, advice, and 
assistance that he gives to line manage¬ 
ment. As in the case of other staff spe¬ 
cialists, such as design engineers, doctors, 
and purchasing agents, a safety engineer 
must be sure that the advice he gives is 
sound and is based on the best known 
and most thoroughly explored theories 
and practices. 


3. FUNDAMENTALS OF SUCCESS¬ 
FUL ACCIDENT PREVENTION 

Success in preventing needless ac¬ 
cidents and their attendant per¬ 
sonal injuries requires no complicated 
system of policing and controls nor any 
involved scientific knowledge. There are, 
however, certain premises or fundamen¬ 
tals that must be accepted by industrial 
management and that, once accepted, 
must be continually emphasized and fil¬ 
tered down from the top of the organi¬ 
zation to every level of managementaond 
supervision and to every job performed. 
The degree of success is dependent upon 
the degree to which these principles are 
sincerely accepted and actively promoted 
by management. The principles that 
must be accepted to attain success in 
keeping accidents in industry at a reason- 
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able level and that are accepted by those 
I)eople in charge of American industry 
who have been successful in reaching that 
goal are: 

1. There must be a sincere desire by 
management to have an effective safety 
program. The attitude of management 
will be reflected down through supervi¬ 
sion to every job. 

2. Participation must be so evident as 
to leave no doubt in the minds of sub¬ 
ordinates about the attitude of manage¬ 
ment. There is a vast difference in the 
accomplishments of an accident-control 
program in which management is visibly 
active and one in which there is passive 
acceptance of the idea but no active par¬ 
ticipation readily apparent to the work¬ 
ing force. 

3. The fact must be accepted that to 
prevent accidents money must be spent 
to provide safeguards, to plan and design 
safe operating processes and procedures, 
and to staff an adequate organization to 
assist line supervisors in carrying out the 
safety policies that management has 
established. Experience has proved that 
every dollar intelligently spent on safety 
has returned big dividends. This type of 
spending should be given the same seri¬ 
ous consideration that is given requests 
for funds to replace inefficient or out¬ 
moded production equipment and proc¬ 
esses. Haphazard procedures and obvious 
tolerance of unsafe practices are also out¬ 
moded and inefficient in modern indus¬ 
try. It should be realized that supplying 
money to provide mechanical safeguards, 
good lighting, good ventilation, good 
safety training, and instruction for work¬ 
ers and supervisors is not so much an 
indication of leniency by management as 
it is a necessity—^a “must” in efficient 
industrial production practices. 

4. There must be au acceptance of the 
principle that the safety program is nec¬ 
essarily a part of the production process 
program. Therefore^ the same executives 
who are charged with the responsibilities 
of developing and directing efficient pro¬ 
duction methods must be held respon¬ 
sible for the administration of the safety 
program. The safety engineers are their 
staff advisers wbo/assist them in meet¬ 
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ing their accident-control responsibilities. 

5. Top management should put the 
accident-control program and the safety- 
engineer staff on the same plane in the 
organization of the company as other 
staff functions, such as engineering, medi¬ 
cal, industrial relations, accounting, pur¬ 
chasing, and cost control. As a matter of 
fact, with the exception of the accounting 
function, the accident-control program is 
an adjunct to the activities of all the 
other staff units mentioned and assists 
them in carrying out their functions. 


4. ENGINEERING DESIGN OF 
EQUIPMENT AND PROCESSES 

The basic goal of the design 
engineer during any project is to 
originate a strjLicturally sound piece of 
equipment or process with operational 
perfection and economic justification. 
But there is also an ultimate goal. An 
engineering project must not be con¬ 
sidered complete unless the following 
specifications are fulfilled in addition to 
the basic goal: 

1. Provision of sufficient room and 
proper equipment for the safe storage 
and handling of materials. 

2. Location of machines and equip¬ 
ment not only from an -operating stand¬ 
point, but also to allow a maximum de¬ 
gree of safety to the installation and per¬ 
sonnel during maintenance operations. 

3. Location and physical guarding of 
installations to reduce or avoid hazards. 

4. Installation of facilities, including 
walkways, stairways, platforms, and so 
forth, to provide safe access to otherwise 
inaccessible locations during operation, 
maintenance, and emergency conditions. 

5. Consideration of fire-prevention fa¬ 
cilities. 

6. Consideration of employee facilities 
in the form of lunchrooms, w'ashrooms, 
change rooms, toilet facilities, and offices, 
including the adequacy of lighting, heat¬ 
ing, cooling, and ventilating. (See Section 
8, Art. 5.5.6.) 

It is evident then that all phases of a 
project design cannot be completed with 
only a basic goal. If the above specifica- 



INDUSTRUl SAFETY 


723 


»3 

tioDS are not included during the design 
stage, certainly neither an economic jus¬ 
tification nor a design engineer’s profes¬ 
sional obligation has been fulfilled. 

The safety engineer or representative 
can play an important role in liaison with 
the project engineer during the design 
stage of a project. In the performance of 
this work, the functions of the safety 
engineer may be summarized as follows: 

1. Advise project engineers of person¬ 
nel and equipment safety requirements 
as early as possible in the course of de¬ 
sign work to avoid costly revisions later 
in the design program or during con¬ 
struction. 

2. Assist project engineers in comply¬ 
ing with applicable personnel safety 
codes and regulations pertinent to cur¬ 
rent project work. 

3. Be thoroughly informed concerning 
current designs in progrdfes in the engi¬ 
neering department so that all safety 
questions that arise may be comprehen¬ 
sively and quickly answered. 

4. Assist project engineers in obtaining 
operating organizations’ approval involv¬ 
ing safety in designs as early as practica¬ 
ble in the course of a project to avoid 
costly revisions. This may be accom¬ 
plished by assisting the engineer to in¬ 
terpret codes and regulations as they re¬ 
late to specific designs and by discussing 
current designs with representatives of 
the operating organization to assure 
agreement of interpretations. 

5. Assist project engineers by making 
analyses to determine economic ju.stifioa- 
tion of changes or inclusions in designs 
or construction recommended for safety 
reasons. 

In carrying out these functions, the 
safety engineer should act only in an 
advisory staff category and should not 
assume any of the basic responsibilities 
for design. On his own initiative, the 
safety engineer should spend sufficient 
time in the engineering organization to 
keep abreast of design progress on cur¬ 
rent projects. In effect, he serves as liai¬ 
son between the engineering organization 
project engineers, representatives of the 
operating organizations affected, and his 
own organization. The safety engineer 


should therefore continually work with 
operating organizations to become thor¬ 
oughly acquainted with operating tech¬ 
niques that may affect design. 

The project engineer should then mag¬ 
nify his basic goal to include the respon¬ 
sibility for personnel safety requirements 
in design. He should seek the advice and 
assistance of the safety engineer or repre¬ 
sentative. The safety department may 
help him by preparing a manual covering 
safety in designs. The purpose of this 
manual should be to assemble in conven¬ 
ient form information and pertinent de¬ 
signs so that preferred practices can be 
incorporated in all installations. 


5. INCLUSION OF SAFETY IN 
WRITTEN OPERATING STANDARDS AND 
INSTRUCTIONS 

Although continued vigilance and 

educational programs, along with 
safety in designs, are necessary to insure 
a successful safety program, we cannot 
be assured that human error will not 
interfere and cau.«e serious consequence 
to both personnel and equipment. This 
is especially true of complex operations 
in plants or processes. 

Airline and air force pilots, though 
highly trained, use check lists and writ¬ 
ten operating procedures so that they 
will not have to rely on memory or in¬ 
stinct. Similarly, in the operation of com¬ 
plex plants or installations where the 
slightest error in operating procedure 
may cause extensive damage to equip¬ 
ment and serious injury to pemonnel, 
operating standards or instructions 
should be a necessary part of routine 
operation. Operating personnel, mainte¬ 
nance personnel, and all others connected 
with the oiieration should be thoroughly 
familiar with these standards and in¬ 
structions and should be required tojuse 
them. 

Although the standard or instruction 
should explain the operation in its en¬ 
tirety, including charts, check lists, and 
so forth, specific safety items should be 
included to assure protection of person¬ 
nel and equipment from designated haz- 
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ards. These items may include hazard¬ 
ous chemicals and their use, electrical 
hazards, rotating equipment, rescue pro¬ 
cedures, protective clothing and equip¬ 
ment, and fire-prevention and fire-fight¬ 
ing procedures. 

The following is a recommended form 
for operating standards. As an example, 
a power plant is used as the subject ma¬ 
terial, since this is a necessary part of 
many plants or installations, large and 
small. 

In addition to a complete explanation 


ff 

and running check list as outlined below, 
charts and graphs for quick referoice 
should be included for operators’ use. 
For a power plant, such a chart might 
list the safe limits of temperature and 
pressure for all equipment. 

This summary is merely an example 
of the type of material that can be used 
as an aid to operating personnel and 
maintenance crews in the safe perform¬ 
ance cf their duties. There are many 
ways to accomplish this purpose, but it 
is essential to fortify other phases of the 


OPERATING STANDARD NO. 
OPERATION OF_POWER PLANT 


Purpose 1. This standard prescribes the general procedure to be followed in 

the power generation at-Power Plant. 

SAFETY 

General Precautions 2. The detailed instructions contained in this standard are designed 
' to promote Safety of Personnel and equipment and economy of 

operation in_Power Plant. It is impor¬ 

tant to prevent sudden changes in boiler operating or electric 
generating conditions which will seriously ailect their capacity 
to carry loads and maintain a constant supply of steam or elec¬ 
tricity to meet demands. To prevent such conditions, follow 
the instructions provided in this standard. 

Avoid Hazards 
Rescue Work 
Fire Apparatus 
Gas Masks 
Spills 

Protective Goggles 
Clothing 
Hot Lines 
Hot Water 
Steam Leaks 
Electrical 

STEAM GENERATION 

Boiler Water 14. Description of process, etc. 

High Pressure Steam 15. - 

Exhaust Steam 16. - 

Starting Cold Boilei 

Inspection 17.--- 

Set Litaes and Valves 18._ 

Filling With Water 19.- 

Hydrostatic Tests 20. - 

Firing the Boiler 

Set Lines 21. - 

Check Gas Supply 22, _ 


3_ 

4. _ 

6 , _ 

6. Location and use. 

7_ 

8 . _ 

9. Care around rotating machinery, etc. 

10 . _ 

11 . _ 

12 . _ 

13. Avoid contact, etc. 




INDUSTMAL SARTY 


7*5 


•I 

;^ety effort with a scheme of safety 
instructions and check charts to be in¬ 
cluded in operating standards that are 
guides to personnel in all plants, espe¬ 
cially those with complex processes. 


6 . SPECIFICATIONS FOR SAFE¬ 
GUARDING 

Safeguarding of machines and 

workplaces in general is an impor¬ 
tant phase of accident prevention. Manu¬ 
facturers of machines are now more 
cognizant of the practice of guarding 
moving parts. On many machines, self- 
lubricating or automatic lubricating de¬ 
vices are installed to reduce this hazard. 
However, it is essential that the user take 
steps to assure complete protection for 
his personnel. Working areas which are 
by location hazardous shoyld be guarded 
to eliminate the dangers involved. 

Specification for safeguarding all con¬ 
ditions is directly related to the design 
stage of a project and to the engineer' 
responsible. (Refer to Specification No. 
3, Art. 4.) In placing orders for machin¬ 
ery, equipment, and other material, the 
engineer can gain economical and opera¬ 
tional, as well as mechanical, advantages 
by specifying that it be guarded in com¬ 
pliance with codes and standards. 


6.1 TYPES OF GUARDS 

When dangerous moving parts of 

machinery are remote from work¬ 
ing areas or are located with reference 
to a structure so that accidental contact 
is not possible, they can be considered 
locationally guarded. 

Otherwise, shield guards can be used 
to eliminate the possibility of accidental 
contact with the moving parts. For ex¬ 
ample, Fig. 11.1 shows a typical guard 
to protect against rotating couplings and 
key ways on shafts. Figure 11.2 depicts a 
typical guard for a belt and pxilley instal¬ 
lation that allows for lubrication of parts 
without removal of guard. This is ex¬ 
tremely important, since many types of 
equipment must be lubricated in motion. 
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FIG. 11.1 TYPICAL COUPLING GUARD. 


Another typical belt and pulley guard is 
shown in Fig. 11.3. For larger installa¬ 
tions, the guard must extend to at least 
seven feet above the ground or platform 
level to give complete protection. Fig¬ 
ure 11.4 shows one type of guard for 
gear mechanisms. The hinged installation 
provides easy access for lubrication and 
assures that the guard will always be in 
place. 

There are many other types of mecha¬ 
nism involving hazardous moving parts 
that it is necessary to safeguard. Such 
installations as power conveyors, fans 
on internal-combustion engines, counter¬ 
weights, and flywheels are a few hazards 
to consider. Surfaces hot enough to bum 
animal tissue on momentary contact 
should be guarded by insulation or made 
inaccessible by barricade. Adequate 
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FIG. 11.2 TYPICAL BELT AND PULLEY 
GUARD. 
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FIG. 11.3 TYPICAL INCLINED BELT AND 
PULLEY GUARD. 
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FIG. 11.5 TYPICAL CHEMICAL GUARD 
FOB FLANGES AND VALVES. 



guards should be placed around fittings, 
such as flanges and valves, in which cor¬ 
rosive chemicals are handled under pres¬ 
sure. Figure 11.5 shows such a guard. 


6.2 MEANS OF ACCESS 

Operating and maintenance areas 
that are located in permanently 
inaccessible locations and that require 
ordinary operating attention and/or fre¬ 
quent repair, adjustment, or handling, 
should be provided with platforms, main¬ 
tenance runways, walkways, or ramps 
that are accessible by means of ladders 
or, if possible, by stairways. In choosing 
between a ladder and a stairway, the 
following points should be considered: 

1. Number of times used per day. 

2. Necessity for carrying tools or 
equipment when ascending or descend¬ 
ing. 

BOUO SHEET metal 
GUARD IS RECOMMENDED 



lubrication 

FIG. 11.4 TYPICAL GUARD FOB GEAR 
MECHANISMS. 


3. Age and physical condition of per¬ 
sonnel who will use the installation. 

Every stairway with four or more 
treads should have a handrail. Figure 
11.6 shows a typical stair railing, with 



HANDRAIL 

FIG. 11.6 TYPICAL STAIR RAILING. 

recommended dimensions. Note that the 
stair railing ties in smoothly with the 
platform or landing handrail. Figure 11.7 
dejiicts the typical handrail for plat¬ 
forms, walkways, runways, or ramps 
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FIG. 11.7 TYPICAL HANDRAIL. 
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FIG. 11.8 PREFERRED SLOPES FOR 
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STAIRS AND RAMPS. 


FIG. 11.10 TYPICAL FIXED LADDER. 


which are four feet or more above the 
ground. The toe board is not required for 
elevations under six feet. 

The preferred slope of stairways is 
shown in Fig. 11.8. All stairways on any 
one installation should have the same 
slope. • 

Ramps should be ased as little as pos¬ 
sible if stairways and a straight run of 
walkway can be used instead. Figure 11.8 
indicates preferred slopes of ramps, and 
Fig. 11.9 shows a typical ramp with 
recommended dimensions. 

Where stairways are not possible or 
practicable, fixed ladders should be used. 
Vertical ladders are recommended. Fig¬ 
ure 11.10 shows a typical fixed ladder 
with opening to platform. This opening 
should be guarded with a drop bar or a 
chain guard attached to handrail. 

Vertical fixed ladders over 30 feet in 
length or 30 feet or more above the 
ground should be supplied with a back- 
screen or ladder cage. Figure 11.11 de¬ 
picts a typical ladder cage. 
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In addition to the structural phase ot 
designing walkways, stairways, and plat¬ 
forms, the non-skid qualities of walking 
surfaces must be con.sidered. Nonskid 
surfaces are especially important around 
equipment or installations exposed to oil, 
water, ice, or other slippery conditions. 
Any material that may become a hazard 
through normal wear and tear should be 
avjoided for use in walkways. 


7. ADDITIONAL ENGINEERING 
FACTORS IN SAFETY 


Many safety-in-design features 
have been discussed that deal with 
the more common problems encountered 
in project design and operating and 
maintenance practices. The safety as¬ 
pects of several other conditions require 
special handling. This section deals with 
these special conditions. 
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Only the basic requirements for 
safety in electrical designs are pre¬ 
sented here. They must be supplemented 
by city, county, state, and national codes 
in force where designs are originated. 
Where the codes are not stringent, these 
basic requirements should govern. 

All electrical materials, devices, and 
appliances used in electrical installations 
should be of an approved type listed or 
labeled by the Underwriters’ Laborato¬ 
ries, U. S. Bureau of Standards, U. S. 
Bureau of Mines, or other institutions 
of recognized standing. When questions 
arise concerning material or equipment 
not approved by a specific organization, 
the safety engineer should be contacted 
for advice. 

Bonding and grounding techniques 
should follow good practice to prevent 
hazard from static electricity, short cir¬ 
cuits, and stray currents. The following 
practices are especially important. • 

1. Frames and all exposed metal parts 
of portable electric hand tools which do 
not carry current should be grounded. 

2. Exposed, non-current-carrying 
metal parts of all fixed electrical equip¬ 
ment, such as motors, generators, and 
control equipment, should be perma¬ 
nently grounded when in hazardous 
locations; when equipment is within 
reach of a person who can make contact 
with any grounded surface or object; 
when equipment is supplied by metal- 
clad wiring; and when equipment is 
operated at more than volts to 
groimd. 

3. The metal guards of portable lamps 
must be grounded with a three-conductor 
cord and two-pole, three-wire receptacle, 
unless the base and handle of the 
lamp are made of a non-conducting ma¬ 
terial. 

Tiiere should be enough space around 
electrical equipment to allow ready and 
safe operation. This work space should 
not be less than two and a half feet. 
Around equipment such as switchboards 
and control panels, it should be in¬ 
creased as voltage ratings increase. Ap¬ 


plicable codes should be closely fo^owed 
in these instances. 

Another important factor in the se¬ 
lection of equipment for electrical in¬ 
stallations is the location involved. 
Locations can be divided into three 
classifications that should be included in 
the plant general engineering specifica¬ 
tions for electrical equipment: 

Type 1—Locations where hazardous 
concentrations of flammable vapors or 
gases, volatile liquids, continually sus¬ 
pended combustible dust, or easily ig- 
nitible fibers or materials are anticipated 
during normal operations. 

Equipment required—^Use equipment 
with all electrical parts enclosed in an 
enclosure capable of withstanding an 
internal explosion without igniting flam¬ 
mable vapors outside. 

Type 2—Locations where these con¬ 
ditions may occur only as a result of 
abnormal conditions or equipment fail¬ 
ure. 

Equipment required — Equipment 
with arcing or sparking contacts must 
be enclosed in an enclosure capable of 
withstanding an internal explosion with¬ 
out igniting flammable vapors outside. 
Equipment which produces no sparks 
that will ignite explosive vapors under 
normal operating conditions can have 
general-purpose enclosures. 

Type 3—Locations where there is lit¬ 
tle or no hazard from flammable vapors. 

Equipment required—There are no 
restrictions regarding the use of spark¬ 
ing equipment in non-hazardous loca¬ 
tions. 

Clearances for supply conductors, guy 
wires, messenger wires, and trolley wires 
from the top surface of rails, buildings, 
thoroughfares, and other objects are 
essential for safe installations. It is 
recommended that Table 11.1 be fol¬ 
lowed in this case. 


7.2 CHEMICAL 

Although some chemicals are 
hamoless, most of them are hazards 
to personnel safety and must be closely 



TABLE 11.1 CLEARANCES FOR SUPPLY CONDUCTORS 


F 

Supply 
condttctora 
and 
supply 
cables 
more than 
20,000 
volts 

34 feet 

34 feet 

30 feet 

30 feet 

25 feet 

12 feet 

6 feet 

18 inches 

E 

Supply 

conductors 

and 

supply 

cables 

750-20,000 

volts 

28 feet 

30 feet 

25 feet 

25 feet 

17 feet 

12 feet 

6 feet 

IS or 18 in. 

3 inches 

D 

Supply 
conductors 
of 0-750 
volts and 
supply 
cables 

25 feet 

27 feet 

20 feet 

16 feet 

12 feet 

8 feet 

3 feet 

15 inches 

3 inches 

C 

Trolley 
contact 
feeder and 
span wires, 
0-5000 
volts 

22 feet 

19 feet 

19 feet 

19 feet 

19 feet 

8 feet 

3 feet 

15 inches 

3 inches 

B 

Communication 
conductors 
(incl. open 
wire, cables 
and service 
drops)j supply 
service drops 
of 0-750 volts 

25 feet 

26 feet 

18 feet 

15 feet 

10 feet 

8 feet 

3 feet 

15 inches 

3 inches 

A 

Span wires 
(other than 
trolley 
span wires), 
overhead 
guys and 
messengers 

25 feet 

26 feet 

18 feet 

15 feet 

7 feet 

8 feet 
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guarded. An injury caused by chemical 
exposure can be extremely serious. 

I*rotection against chemical exposure 
or contact by personnel can be accom< 
{Wished to a great degree in the design 
stage of an installation. Further protec¬ 
tion in the form of protective clothing, 
respiratory protective devices, or emer¬ 
gency devices is essential. (See Fig. 
11 . 12 .) 
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Proper guarding of equipment will 
eliminate most accidental contacts with 
hazardous chemicals. In preparing the 
specifications for equipment that will 
handle corrosive chemicals, the following 
factors should be thoroughly con¬ 
sidered: 

1. Equipment or pipe lines that are 
to handle corrosive chemicals should be 
resistant to the corrosive action. 

2. Where it is necessary to provide 
valves, flanges, or other fittings in lines 
handling corrosive chemicals, lead 
guards locally fabricated or commercial 
rubber or pl^ic guards should be con¬ 
sidered for installation on the fittings. 
Where possible, use tongue and groove 
fittings. See Fig. 11.5 for typical lead 
guard installations. 

3. * Pumps, siphons, or other equip¬ 
ment ^uld be guarded. The liquid end 
of such pumps should be entirely en¬ 
closed. 

4. Special chemical-resistant packings 
must be used in valves, pump glands, 
and so forth, as added protection. 


5. Sampling devices for removing 
samples of corrorive chonicals from 
clos^ systems should be of special de¬ 
sign to prevent splashing and dripping. 

Identification of chemicals in equip¬ 
ment is an essential part of providing 
safe operating facilities in plants or 
installations. All vessels or equipmait 
in which corrosive chemicals are stored 
or used should be identified with dur¬ 
able signs that give the name of the 
chemical and a warning, such as “C!au- 
tion.” This not only aids operators 
in their performance but also provide 
additional warning to maintenance per¬ 
sonnel working with this equipment. 
Pipe lines that carry corrosive chemicals 
should be identified by stenciling the 
name of the commodity and the direc¬ 
tion of flow on the line or by tagging 
the line. Since yellow i.«i generally con¬ 
sidered a “cautJlon color,” a yellow back¬ 
ground with black lettering is recom¬ 
mended for these identifying signs. The 
marking of lines at the plot limit of 
plants or installations is especially im¬ 
portant to assure correct identification 
by operators and maintenance peisonnel 
of where the line enters the operating 
area. 

Storage of corrosive chemicals must 
be carried out with systematic care. All 
containers must be plainly labeled, and 
storage areas must be plainly designated 
by signs. Small containers of corrosive 
chemicals should not be stored on high 
storage shelves, and all storage areas 
should be cool, well ventilated, and 
remote from acute fire hazards. Incom¬ 
patible chemicals must never be stored 
and handled so that contact is possible. 
For example: 

1. Never store acetone next to con¬ 
centrated nitric and sulfuric acid mix¬ 
tures. 

2. Never store copper near acetylene 
or hydrogen peroxide. 

3. Isolate fluorine from everything. 

4. Never store sulfuric acid near chlo¬ 
rates, perchlorates, or permanganates. 

In designing storage facilities for cor¬ 
rosive chemicals, these problems should 
be thoroughly considered. 

In plants or installations where cor- 
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rdfitve chemicals are used to a great de- stance, the hannful light rays produced 


gree, protective clothing is an essential 
part of the operating and maintenance 
persoimel equipment. Such equipment 
must be maintained in perfect order and 
should be cleaned and sterilized after 
each wearing. 

7.3 AIR POLLUTION 

When dusts, mists, fumes, gases, 

or vapors are produced in quan¬ 
tities that may be harmful to personnel, 
control should be maintained by ex¬ 
haust ventilation systems at the point 
of generation. These are essential when 
general ventilation proves ineffective or 
when ^imination or prevention of the 
source of pollution is not possible or 
practicable. 

The exhaust system rilust be designed 
and operated to maintain a volume and 
velocity of exhaust air to convey all 
impurities to points of safe disposal. 
The system must not draw the im¬ 
purities through the breathing zone of 
workmen and must not exhaust them 
into working places where they can 
cause hannful exposure. 

Stacks from equipment that produces 
quantities of smoke or harmful vapors 
should be located so that harmful quan¬ 
tities are not spread over working areas 
and public places. Where it is impossible 
to eliminate this condition by location, 
smoke eliminators should be designed 
into the equipment. 

Where air pollution conditions cannot 
be entirely eliminated from working 
areas, personnel should be required to 
wear respiratory protective equipment. 
Information on the maximum safe con¬ 
centration of air contaminants can be 
obtained from any good publication on 
noxious gases and vapors. 


7.4 WELDING 

The many types of welding oper¬ 
ations create numerous hazards 
to personnel and equipment unless 
proper safeguards are taken. For in- 


by welding flames and arcs may seri¬ 
ously injure the eyes or bum the dcin. 
Similarly, poisonous fumes and gases 
produced in welding operations may 
cause serious illness. Because of the 
many possibilities for injury to perscmnel 
and for damage to equipment in weld¬ 
ing operations, it is essential that side 
practices, regulations, and explicit oper¬ 
ating standards be issued and be strictly 
observed. 

Of primary importance is the strict 
adherence to a standard that permits 
only authorized personnel to perform 
welding operations and that requires all 
personnel involved to use suitable per¬ 
sonal protective clothing, such as gloves 
and aprons or shields. Goggles must be 
carefully selected on the basis of lais 
shade to give proper protection for the 
welding operation involved. 

In areas designated as welding oper¬ 
ating locations, ventilation must be ade¬ 
quate to carry away harmful concen¬ 
trations of fumes that may be generated. 
In most cases, local exhaust ventilation 
at the point of welding is necessary, 
especially in confined spaces. 

Welding operating areas must not be 
located near flammable or explosive sub¬ 
stances. All flammable material should 
be removed from the immediate vicinity 
and wooden floors or wails should be 
avoided or adequately protected by fire- 
resistant shields. Tanks, cylinders, or 
other containers must never be welded 
until it has been assured that they do 
not contain, or have not contained, 
flammable or explosive substances. Since 
the heat of welding may cause a suffi¬ 
cient increase in pressure to rupture or 
explode an unvented container, sealed 
containers must be vented. 

In oxyacetylene “welding the oxygen, 
acetylene, and the flame require special 
handling to prevent injury to personnel 
or damage to equipment. The following 
precautions should be a required stand¬ 
ard; 

1. Grease or oil must not be allowed 
to come in contact with welding equip¬ 
ment. 

2. Acetylene should not be used from 
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pounds per square inih. 

3. All cylinders should be provided 
with protective caps when not in 
use. 

4. Cylinder valves must be immedi¬ 
ately accessible when cylinders are in use 
to permit quick shut-off in emer¬ 
gency. 

5. Hose must be protected from me¬ 
chanical damage and must be periodi¬ 
cally inspected for leaks by being 
submerged in water. 

6. Torch must not be left burning 
when not in use and its valve should be 
shut when not in use. 

Electric arc welding presents the ad¬ 
ditional hazard of electrical contact and 
fire from electrical sources. The precau¬ 
tions necessary for electric welding can 
be listed as follows: 

1. Shields of curtains or screens must 
be provided around arc-welding loca¬ 
tions to prevent injury to eyes of per¬ 
sonnel in surrounding area. 

2. Circuits must be checked only 
when system is dead. 

3. The polarity and rotary switches 
must not be operated while equipment 
is imder load. 

4. Motor generator and other electric 
welding apparatus must be provided 
with adequate ground. 

5. Cables must be protected from 
mechanical damage and any loose con¬ 
nections or defective electrode holders 
must be replaced. 

6. Repairs must be made on this type 
of equipment by qualified electrical 
maintenance personnd. 


7.5 GENERAL 

Many other factors concerning 
, engineering relationships to safety 
must be considered in an active acci¬ 
dent-prevention program.. In general, if 
all phases of a design or operation are 
considered, operating perfection will be 
assured and the plant will be safely 
operated and maintained. 


80NAL PBOTECTIVB EQUIPMENT 

Many hazards to workmen can¬ 
not be removed or eliminated. 
Therefore, in order to avoid injury, the 
workmen must use personal protective 
equipment such as goggles, respirators, 
and safety hats. Strict supervision and 
sometimes discipline is necessary to get 
employees to wear protective equip¬ 
ment. 

Many brands of personal protective 
equipment are available, but not all 
of them are made in accordance with the 
standards set by such agencies as the 
Bureau of Standards, Bureau of Mines, 
and American Standards Association. 
These organizations determine the spec¬ 
ifications to which protective equip¬ 
ment should be made and, in some 
instances, test the devices and issue spe¬ 
cific approvals. Only personal protective 
equipment that meets the requirements 
of these standards should be used. 

In order to determine which equip¬ 
ment is satisfactory, the purchasing 
agent, those who initiate requisitions, 
should be provided with a guide. This 
guide should be issued by the safety 
department and should be kept up to 
date in order to take advantage of new 
devices that are made available. The 
safety department should determine the 
proper standard and should list several 
brands or styles of equipment that meet 
the standard. The purchasing agent 
should buy only the approved types or 
brands. 


8.1 EYE PROTECTION 

Protection for the eyes is one of 
the most important of the per¬ 
sonal safety devices. There are many 
types of goggles available, and care 
should be taken to assure that the right 
type is used for a particular hazard. 
Hardened lenses are made in accordance 
with standards set up by the National 
Bureau of Standards. 

Cup-type goggles protect the eyes 
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;from dl an^es and dbould be used 
where complete protection from heavy 
flying particles ie needed—^for example, 
in riveting, chipping, grinding, and 
heavy hammering. They are made in 
two general styles, one of which is for 
use as a cover goggle worn over correc¬ 
tive spectacles. The frames are shaped 
and vented to accommodate such haz¬ 
ards as dust, heav>' particles, or chemi¬ 
cals. 

Spectacle-type safety goggles can be 
used by shop men and other workers 
who require protection from light fly¬ 
ing particles. These goggles provide pro¬ 
tection from particles coming from the 
front and can be obtained with side 
shields to protect against particles com¬ 
ing from the side. They come in a full 
range of sizes and can be fitted in much 
the same manner as corrective spec¬ 
tacles. • 

For those who must wear corrective 
spectacles and need eye protection dur¬ 
ing their work, it is possible to have 
the individual’s prescription ground in 
hardened safety lenses. These provide 
full-time protection and in many jobs 
eliminate the need for the heavier type 
of goggle normally used over prescrip¬ 
tion spectacles. Many employers assist 
their employees in obtaining these pre¬ 
scription safety spectacles by paying 
a portion of the cost. 

Both gas and electric welding require 
special eye protection to guard against 
the effects of the ultraviolet and in¬ 
frared rays. The lenses of the goggles or 
welding helmets are made in various 
shades required for protection against 
rays. The filtering qualities for each 
shade are determined by the specifica¬ 
tions set up by the National Bureau of 
Standards. 


8.2 RESPIRATORY PROTECTION 
« 

Various types of protection 
against the breathing of harmful 
dust, fumes, or gases are available. The 
use of respiratory equipment should be 
regarded in most cases as emergency 


protection against casual or rdativeiy 
brief exposure. Certain work, such as 
that done by sand blasters, may require 
continuous use of the equipment. How¬ 
ever, every effort should be made to re¬ 
duce the concentration of gases, vapors, 
or dust to such a level that the air is 
safe to breathe for eight-hour periods. 

When the hazard cannot be com¬ 
pletely eliminated, one of the following 
types of respiratory equipment should 
be used. The U. S. Bureau of Mines has 
set up rigid standards and tests for 
respiratory protective equipment and 
issues certificates of approval to manu¬ 
facturers meeting these standards. Use 
of such approved equipment assures full 
protection when the equipment is prop¬ 
erly used for the hazard involved. 

Mechanical-filter respirators are de¬ 
signed to remove “particulate” matter 
such as dust, fumes, and mists from 
inhaled air by mechanical filtration. 
They will not provide protection against 
vapors or an atmosphere deficient in 
oxygen. 

Chemical cartridge respirators are de¬ 
signed for respiratory protection against 
organic vapors which are not immedi¬ 
ately dangerous to life but which may 
produce discomfort, a chronic type of 
affliction or poisoning after repeat^ ex¬ 
posure, or mild acute symptoms after 
prolonged exposure. The Bureau of 
Mines approves this type of respirator 
for protection in atmospheres contain¬ 
ing not more than one-tenth of one per 
cent organic vapors by volume (1,000 
parts per million) which are not im¬ 
mediately dangerous to life. A partial 
list of such vapors includes acetone, al¬ 
cohol, amyl acetate, benzine, benzol, 
carbon disulphide, carbon tetrachloride, 
chloroform, creosote, ether, hexane, lac¬ 
quer, naphtha, pentane, phenol, toluene, 
trichlorethylene, and turpentine. 

Canister-type gas masks are used for 
protection against harmful gases, vapors, 
fumes, mists, dusts, or smokes. All the 
air is drawn through a canister which 
filters, absorbs, neutralizes, or catalyzes 
limited amounts of harmful materials. 
Since the canister serves only to remove 
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gases from the air aiKi will not supply 
oxygen, this type of jgas mask will not 
protect against suffocation if worn in 
atmospheres deficient in oxygen. Canis> 
ters are provided for use as protection 
against specific materials in concentra¬ 
tions of not more than 2 per cent (3 per 
cent in case of ammonia). Canister- 
type gas masks are intended for use in 
the open and should not be worn as pro¬ 
tection inside tanks or other confined 
places where higher concentrations may 
be encountered. 

Supplkd-air respirators provide pro¬ 
tection by conveying respirable air to 
the wearer through hoses, tubes, piping 
systems, air holders, or combinations of 
these. Various types of hose masks, air¬ 
line respirators, compressed-air respira¬ 
tors, self-contained breathing apparatus, 
sand blast helmets, and hoods are used 
for protection against specific hazards. 
When the air is supplied by mechanical 
compressors, purifiers should be pro¬ 
vided in the line to remove carbon 
monoxide, which may be generated if 
the compressors are not in good me¬ 
chanical condition or if they have their 
air intakes near engine exhausts. Only 
hose masks with positive pressure blow¬ 
ers or self-contained breathing appara¬ 
tus should be used in immediately harm¬ 
ful atmospheres or in atmosi)heres from 
which the wearer could not escape with¬ 
out the aid of the equipment. 


8.3 HEAD AND FACE PROTECTION 

Safety hats have prevented many 
injuries, particularly in the con¬ 
struction industry. They should be 
worn by all workers exposed to falling 
objects. The objects need not be large 
to cause serious injury Small bolts and 
rivets have been known to fracture un¬ 
protected skulls. 

Safety hats are made of metal and 
of glass, plastic, and other nonmetallic 
materials. So long as the hats comply 
with the test specifications of the Na¬ 
tional Bureau of Standards, the type to 
be used can be determined by factors of 
cost, weight, head-band suspension, 
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color, and so forth. In some types of 
work, such as electrical work, the hats 
should be of nonmetallic material. 
Safety hats equipped with plastic visors 
provide eye and face protection as well 
as head protection. 

Face shields provide satisfactory pro¬ 
tection for certain types of hazards, such 
as small flying particles or splashes of 
liquids; however, they are nc^ accepta¬ 
ble for most uses where safety goggles 
are required for eye protection, since 
the plastic shields will not withstand the 
impact of heavy, fast-flying objects. The 
shields are made of plastic of various 
thicknesses and degrees of scratch re¬ 
sistance. The shield should have a mini¬ 
mum thickness of 0.04 inches. Face 
shields are also available in green and 
other shades for protection against ex¬ 
cessive light. The pla.stic material must 
not be of the type that is easily ignited 
or that burns rapidly. 

For full protection of the head from 
such hazards as extreme heat and spray 
painting, hoods that cover the head are 
best. Many types are available for 
various kinds and degrees of hazard. 
For use in abrasive blasting work, the 
hoods must provide respirable air to 
the wearer while protecting his head and 
shoulders against impact and abrasion 
by the rebounding sand or shot used in 
the process. An air-supplied hood, an 
air-line respirator, or a mechanical-filter 
respirator may be used, depending on 
the degree of hazard. When sand-blast¬ 
ing operations are conducted in a room 
or enclosure, the operator and helpers 
should be protected with supplied-air 
equipment. 


8.4 PROTECTm^ CLOTHING 

Workers who handle hot objects, 

rough materials, or chemicals 
should wear gloves of the type made 
for the specific hazard involved. Usually, 
gloves are worn along with other body 
protection, such as aprons, coveralls, 
hoods, goggles, and shields, since the 
hazard often involves other parts of 
the body. 
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The American Standards Association 
publishes specifications for certain types 
of protective clothing, and these should 
be used whenever applicable. If no 
standard applies, or if the effect of the 
hazard on the protective material is not 
known, trials and tests should be made 
to ascertain that the material will actu¬ 
ally provide satisfactory protection. 

Safety shoes with protective toe-caps 
provide excellent protection against toe 
and foot injuries. They should be worn 
in any occupation where there is danger 
of objects falling or being dropped on 
the workers’ toes. In order to encourage 
their use, many employers make these 
shoes available—sometimes at prices be¬ 
low cost. Safety shoes are made in many 
styles, from dress shoes to heavy-duty 
boots. 


9 . SAFETY INSPECTIONS 

Safety inspections are important 

and fundamental in a planned 
accident-prevention program. Full suc¬ 
cess of the program cannot be realized 
if positive and determined efforts to 
discover hazardous situations are either 
ignored or carried on in an insincere 
manner. Safety inspections are too often 
confined to detecting unsafe physical 
conditions, such as lack of safeguards, 
ungrounded electrical equipment, and 
the like. Inspectors should be trained to 
observe work practices during an in¬ 
spection tour, because 90 per cent of 
all accidents involve an unsafe personal 
act—some act that should not have oc¬ 
curred, or some action that should have 
been taken but was not. 

Safety inspections should not become 
a “police action.” Inspection plans that 
“point a finger” at someone are doomed 
to failure; once this type of program 
has been used, considerable time and 
effort are required to overcome the bad 
effects produced. A safety inspection 
should be a cooperative effort. It should 
use the various personal talents avail¬ 
able, and should be aimed at improving 
the accident situation by finding and 
correcting unsafe conditions and educat¬ 
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ing supervisors and workmen in safe 
work practices. 

The line supervisor should make fre¬ 
quent inspections of his area, and should 
welcome insiiections from others, since 
it is difficult for one person to see or 
notice everything about an area. He 
is responsible for the safe working con¬ 
ditions in his area or department. When 
safety inspections are made by someone 
other than the supervisor of the area, 
as they sometimes are, the line super¬ 
visor must not feel that the inspection 
party has assumed his responsibilities or 
that his prerogatives have in any way 
been challenged. Inspections help pro¬ 
tect the line supervisor from reprimands 
that may come from his superiors if an 
accident occurs because of sub-standard 
conditions. Although this may seem at 
first glance to be a secondary reason for 
inspections, it is all-important to the 
supervisor, since the existence of sub¬ 
standard conditions is sometimes a re¬ 
flection on his ability. 

Several different methods are used to 
set up procedures or guides for con¬ 
ducting safety inspections. One plan 
that has been successful is outlined in 
the following paragraphs. In considering 
safety inspections, basic safety can be 
reduced to eight simple general items: 
five concerning conditions to be checked 
and three concerning actions that can 
be taken to remedy the hazardous con¬ 
ditions found. 

The five general categories to be in¬ 
spected for unsafe conditions include 
the work area, the material handled, the 
hand tools used, the machines used, and 
personal protective equipment required. 
The brief breakdown of the five cate¬ 
gories that follows can be enlarged upon 
as supervisors gain experience in planned 
inspections. Printed on a check list, 
they serve as effective reminders fox 
members of an inspection party, .This 
breakdown lists the items to be observed 
for unsafe physical conditions and un¬ 
safe practices or personal acts. 

Work Area 

1. Housekeeping 

2. Job lay-out 
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3. Aisles and exiii 

4. Stairs, ramps, and ladders 

5. Floors and other working levels 

Materials Handled 

1. Piling and storage 

2. Loading and unloading 

3. Racks, platforms, and bins 

4. Hand signals 

5. Cranes, chains, hoists, slings, etc. 

Hand Tools 

1. Condition of hand tools 

2. Improper use of hand tools 

3. Inspection and maintenance of hand 
tools 

4. Difficulties, if any, in securing hand 
tools 

5. Housekeeping as related to hand 
tools 

Machines Used 

1. Lack of physical safeguards 

2. Condition of physical safeguards 

3. Actual protection afforded by 8afe> 
guards 

4. Location of controls 

5. Mechanical condition of machinery 
and equipment as it affects safety 

Personal Protective Equipment 

1. Goggles and other eye protection 

2. Respirators, fresh-air hose, masks, 
etc. 

3. Equipment provided but not used 

4. Shoes, hats, gloves, special clothing 

6. Difficulties, if any, in securing 
equipment 

The three actions that can be taken 
when an unsafe personal act or unsafe 
condition is noted are: 

1. Remove the hazard. 

2. Protect the worker against the haz¬ 
ard. 

3. Develop safe practices to avoid 
injury from the hazard. 

Safety inspections are useless in the 
accident-prevention program unless im¬ 
mediate and positive action is taken to 
corrupt the conditions revealed. If the 
individual making the inspection has the 
necessary authority, he should take im¬ 
mediate action personally. If the correc¬ 
tion requires authority not possessed by 
the individual making the inspection, he 
should make immediate recommenda- 
tioDs to such authority. 


[»• 

10. mVBBTIGATION OF ACCI¬ 
DENTS 

10.1 ACCIDENT INVESTIGATIONS 

Successful accident-prevention 

programs include three funda¬ 
mental activities: inspection of working 
areas, thorough study of all operating 
methods and practices, and education 
and instruction pf employees to minimize 
human errors. Because of our human 
failings, accidents often occur even when 
these three functions have been stressed 
heavily. It is then that a fourth activity, 
although a secondary defense against 
accidents, becomes a vitally important 
function of the accident-prevention pro¬ 
gram. This activity is a thorough, im¬ 
partial, and honest investigation of all 
the circumstances leading up to an ac¬ 
cident. 

The primary purpose of accident in¬ 
vestigations is to determine the true 
basic cause of the accident for the ex¬ 
press purpose of taking remedial action 
to prevent a recurrence and to remedy 
the weakness in one or more of the 
safety-program activities. Never should 
investigations be conducted for the pur¬ 
pose of placing “blame.” Investigations 
held for this purpose will do irreparable 
damage to the program. With the dis¬ 
covery of weak spots in the three pre¬ 
viously mentioned fundamental activi¬ 
ties, action can be taken to bolster this 
phase of the program. 

In order to obtain a true picture of 
what actually occurred, investigations 
should be held without delay. Delay 
often results in failure to detect the true 
basic cause of the accident. Immediate 
investigations allow for first-hand ob¬ 
servance of the condition of ihe work 
area and tools, and, most important, 
they help to eliminate “colored” stories 
told by witnesses. A witness can see just 
so much as an accident occurs, and he 
is likely to become curious about what 
else happened. Being human, he has a 
natural desire to get the complete story 
—^and he usually gets his information 
from others. Then he draws his own con¬ 
clusions on the cause of the accident. 
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In delayed investigations, the witness 
sometimes gives information based not 
wholly on what he saw, but rather on 
the conclusion he has made on the cause. 
Such evidence could lead to the selection 
of an improper basic cause that would 
reduce the value of the investigation. 

The line supervisor is best qualified to 
investigate accidents because he knows 
the situation that resulted in the acci¬ 
dent. He is closest to all the job condi¬ 
tions, such as the purpose of the job, 
correct job procedures, equipment and 
materials used, and the working condi¬ 
tions, and, of vital importance, he knows 
the employees. This knowledge fits him 
to arrive at the correct basic cause of 
the accident. Other people, such as a 
safety engineer, can help him conduct 
the investigation, but the line supervisor 
should not feel that his responsibility 
has been assumed by tte other party. 
Committee investigations often prove to 
be of benefit. The line supervisor should, 
of course, be a member of the commit¬ 
tee. This assignment proves to be a 
medium of education for the foreman, 
especially if his superior is also a com¬ 
mitteeman. Having higher management 
represented on the investigating com¬ 
mittee is beneficial in two ways: It al¬ 
lows management a chance to become 
better acquainted with conditions in the 
field, and it is visual proof to the 
employees that management has their 
interest at heart. 

10.2 INVESTIGATION PROCEDURES 

Of the various procedures in use, 

one that has proved itself is. 
briefly submitted in the following para- 
grapiis for use as a guide. 

10.2.1 Core for the injured. After get¬ 
ting safely to the accident scene, the 
investigator's first concern should be to 
see that the injured person is properly 
cared for. He should apply first aid if 
necestiary and should arrange for imme¬ 
diate medical and ambulance service. 

10.2.2 Interview the injured. If the 
injured person’s physical and mental 
condition permits, he should be inter¬ 
viewed on the details of what he was 
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doing and the sequence of events lead¬ 
ing up to the accident. If he is not in 
condition to be questioned, he should be 
contacted later as soon as his condition 
permits. 

10.2.3 Interview the witnesses. Each 
witness should be interviewed in detail 
to obtain his version of all events lead¬ 
ing up to the accident. Any discrep¬ 
ancies found in comparing witnesses' 
accounts of what happened should be 
immediately investigated to find the 
true facts. 

10.2.4 Notice the details of the work 
area. All details of the work area, such 
as position of tools, lines, equipment, 
housekeeping, and unusual conditions, 
should be recorded. 

10.2.5 Make detailed sketches if nec¬ 
essary. If details are complicated, 
sketches often make the picture of what 
happened stand out much better. For 
reports, sketches “jiaint the picture” 
more easily than words. Photographs 
often help in this respect. 

10.2.6 Draw conclusions. From the 
detailed information produced by the in¬ 
vestigation, conclusions can be reached. 
If they are derived in the proper man¬ 
ner, the basic cause of the accident can 
be selected without guesswork. 

10.2.7 Make recommendations. From 
the basic cause and the facts obtained 
from the investigation, recommenda¬ 
tions should be made on how to prevent 
a recurrence of a similar accident and 
on the action to be taken to strengthen 
the weak points in the three fundamen¬ 
tal activities of the accident-prevention 
program. For educational purposes, a 
review of the accident, along with con¬ 
clusions and recommendations, should 
be made in detail for all members of the 
crew involved in the accident and for 
any other crewg doing similar work. 

10.2.8 Submit written report. Reports 
will vary in make-up with the legjil re¬ 
quirements and the desires of higher 
management. One type of report that 
has proved effective (see Fig. 11.13) 
gives a brief description of the accident, 
along with other information on the 
front side to meet legal requirements. 
'The reverse side of the report provides 



m 

space for the basic eause selected, rea¬ 
sons for its selection, and recommenda¬ 
tions, which should be filled in by the 
line supervisor. 

This report provides a compact state¬ 
ment of details for review by higher 
executives as it passes up through chan¬ 


nels. Experience has proved that this 
type of form, especially the requirement 
that the supervisor select and explain a 
basic cause, forces the supervisor to 
give more thought to the real causes of 
accidents instead of passing them off as 
an act of carelessness on the part of the 


INDUiTtlAl MHTV 


FIG. 11.13 TYPICAL ACCIDENT EEPOHT. 
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FIG. 11.13 (Continued) 


injured worker. Also, because a review 
of the list of “supervisory responsibili¬ 
ties” suggests proper actions to the su¬ 
pervisor, he is likely to give more 
thought to things he could have done 
before the accident occurred. 

When an accident results in very seri¬ 


ous injuries or death, an additional de¬ 
tailed report including sketches, wit¬ 
nesses’ statements, and other detailed 
information proves valuable. This 
should be made out for use by the em¬ 
ployer in furthering his accident-pre¬ 
vention program. 
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11. SURVEYS ftp SPECIFIC CON¬ 
DITIONS, PROCESSES, Special hazards, 
AND HEALTH CONDITIONS 

Industrial processes produce vari¬ 
ous dusts, gases, and vapors. If 
such products or by-products are not 
controlled in closed systems or by re¬ 
moval, they may create a health hazard 
to workmen. When it is known or sus¬ 
pected that the concentration of air 
contaminants around process equipment 
is sufficient to create a hazard, a thor¬ 
ough survey of the equipment and oper¬ 
ating practices should be made. Surveys 
are instituted whenever any condition 
in a plant develops an unexpected health 
or accident hazard. 

A successful survey requires consider¬ 
able preliminary work in order that the 
individuals making it will be thoroughly 
familiar with the general problem and 
that the employees involved ■will know 
why the condition is being studied. This 
latter factor is extremely important, 
since it eliminates speculation. When 
information is to be obtained from the 
workers, it is necessary to be completely 
above board with them to insure that 
they will give factual information. 

The safety engineer is well qualified to 
conduct surveys of specific hazards and 
conditions that may be detrimental to 
health or that may lead to accidents. 
Since the workers and supervisors know 
that he is interested in their safety and 
health, he can usually get good coopera¬ 
tion during a survey whereas an un¬ 
known person might meet opposition. 
Furthermore, he is in a position to seek 
ad'vice and assistance from the medical, 
chemical, operating, and engineering 
staffs. In some situations it may be de¬ 
sirable to call in an outside agency, such 
as the State Department of Health, 
U. S. Bureau of Mines, or an industrial 
agency that handles specific problems. 
The ‘advantage of this method of sur¬ 
veying a problem is that such agencies 
are thoroughly familiar with specific 
hazards, have the necessary equipment 
for measurements and determinations, 
and have background and experience in 
handling similar problems. When an 
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outside agency is used, it is important 
that someone, preferably the safety 
engineer, act as contact between the 
agency and the operating personnel. 

Before any field work is done, the 
individual making a survey should be¬ 
come thoroughly familiar with the 
known information concerning the haz¬ 
ardous material, process, or equipment 
under study. This will keep him from 
doing unnecessary work that may al¬ 
ready have been done, point the best 
way to investigate the problem, provide 
discussion information for talking to 
workers and supervisors, and instill con¬ 
fidence in the workers and supervisors 
that he will eventually reach the correct 
solution to the problem. The procedure 
to be followed in gathering information 
should be determined in advance and 
should be thoroughly planned in order 
that the necesshry data can be obtained 
in the minimum of time. Equipment for 
making measurements, analyses, or de¬ 
terminations should be fully understood 
and tested in advance, so that the opera¬ 
tor is familiar with all the details of its 
use. All employees are strongly inter¬ 
ested in any conditions that may be 
detrimental to their personal health, and 
they should be informed of the reason 
for any survey that is made of poten¬ 
tially hazardous conditions. This pre¬ 
caution will alleviate their fears con¬ 
cerning possible effects on their health, 
will reduce speculation on why someone 
is checking their working conditions, will 
encourage them to cooperate in provid¬ 
ing information, and will enlist their 
support and use of corrective measures. 

While collecting data, the person 
making the survey should ascertain that 
normal conditions exist. Sufficient time 
should be spent on the job so that all 
conditions of exposure are considered, 
and all concerned should be satisfied 
that the problem has been thoroughly 
investigate and that ail necessary infor¬ 
mation has been obtained. Frequently, 
workers and supervisors have been fa¬ 
miliar with the hazardous condition for 
a long period and may have excellent 
suggestions on ways of correcting or 
overcoming it. Their suggestions and 
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lid vice should be sought and considered. 

After all the data have been collected, 
the information should be assembled 
into a complete report. The report 
should include a statement of the prob¬ 
lem, the procedure of investigating, the 
technique in the use of measuring de¬ 
vices, a compilation of the data, sum¬ 
mary statement of the conditions found, 
and recommendations for correction. Be¬ 
fore the final report is presented for 
consideration, it is advisable to review 
the results with the supervisors in¬ 
volved. This procedure will assure that 
the recommendations are practical and 
will enlist the supervisors' assistance and 
cooperation in correcting the hazards. 
Credit should be given for any specific 
suggestions used that were made by the 
workers or supervisors. Although re¬ 
ports of surveys are prepared in detail, 
when transmitted to Tnanagement a 
brief summary should be included that 
covers the problem, conditions found, 
and recommendations made. 


12. EDUCATIONAL ACTIVITIES 
FOB ACCIDENT CONTROL 

12.1 EDUCATION DEFINED 

Education for accident prevention 
is the systematic development and 
cultivation of natural powers by instruc¬ 
tion, training, and example. The goal is 
accident-free production. 


12.2 IMPORTANCE OF PSYCHOLOGICAL 
FACTORS 

All accidents, whether directly 
caused by unsafe acts of workers 
or by the presence of hazardous condi¬ 
tions, may, if traced to their origin, be 
attributed to the faults of persons, 
either from the worker groups or the 
management. Psychological influences 
must be considered in the selection, 
placement, induction, and training of 
workmen. Accident-prone workers are 
those whose characteristics and behavior 
are such as to make them considerably 


more liable to injury than the average 
person. Recklessness, stubbornness, or 
excitability, low intelligence, lack of in¬ 
terest in the job, or dislike of the fore¬ 
man, make these workers difficult to 
train and lead them to unsafe acts, 
many times deliberately. 

Psychology is important in arousing 
and maintaining enthusiasm for safety 
through the usual media of meetings, 
posters, first aid training, and so forth. 
However, it is difficult to reach every 
worker through these means because 
messages must be addressed to whole 
groups of employees. Appeal cannot be 
made to each man’s individual desires 
or traits but must be made to those 
most commonly felt by the largest num¬ 
ber of employees. These will strike a 
responsive chord in some individuals but 
leave others untouched. Therefore, the 
supervisor is the key man in any induc¬ 
tion and training program that considers 
psychological factors as they relate to 
safe performance. The foreman must 
apply practical psychology. He is in 
close contact with the employee and is 
in the best position to judge abilities and 
evaluate work performance, including 
safety factors. He must familiarize him¬ 
self with the employee’s likes and dis¬ 
likes, his family situation, his financial 
troubles, and his background, which 
may influence his attitudes and on-the- 
job performance. If the foreman can 
adapt his training methods to appeal 
to the worker’s individual desires and 
traits, there is a good chance that the 
worker will perform his job in a safe 
manner. It is important that considera¬ 
tion of the psychological factors be con¬ 
tinued not only during the training pe¬ 
riod of an employee, but also throughout 
his employment. 


12.3 INSTRUCTION STARTS WITH 
EMPLOYMENT 

Normally, instruction starts when 
an employee reports for work. 
Most phases of his work should be gone 
over with him until he is fuUy apprised 
of every detail. Because habits (which 



742 INDUfniAl MPITY 


are perfectly learned performances) are 
developed through repetition, work 
methods should be constantly observed 
and improper methods should be imme¬ 
diately corrected. Instruction implies a 
personal relationship between the super¬ 
visor and the employees as individuals. 
Since this relationship is established 
from the beginning of employment, the 
supervisor is the prime factor in its 
success or failure. 

Whenever work methods are to be 
changed, employees should be prepared 
in advance, and adequate instructions 
should be given to assure a smooth 
transition from the old way to the new. 
Merely assuming that workers will get 
the hang of the change is inviting trou¬ 
ble. 


12.4 COMMITTEES AND MEETINGS 

A safety committee is organized 
in a great many plants. Its mem¬ 
bership should contain the supervisors 
and one or more representatives from 
each division. They may be lead men 
or line workers. Membership should be 
small enough to be workable and should 
be rotated to give experience to the 
largest number possible. Objectives for 
the committee ought to be set before 
it is organized, and only those ideas 
should be entertained that work toward 
such objectives. A secretary is needed to 
record proceedings. When there is no 
longer a need for a committee, or when 
interest wanes, it should be dissolved. 

A plant always needs good safety 
meetings to bolster its over-all program. 
To maintain a level of interest, they 
must appeal to the employees and 
should be well prepared. An agenda 
along the line of the following may be 
of assistance: 

1. Start meeting on time. 

2. Opening remarks—brief, 

3. Review status of safety sugges¬ 
tions. 

4. Coll«5t new safety suggestions. 

5. Very brief discussion of accident 
statistics. 


6. Introduce main feature of the 
meeting. 

7. Request comments from visitors, 

8. Express thanks to participants and 
those attending. 

9. Close meeting on time. 

Sources of material for program fea¬ 
tures are numerous. Whatever is se¬ 
lected should have a definite application 
to problems. Some of the following may 
stimulate other good ideas. 

1. A safety subject dealing with some 
phases of accident experience that is 
giving trouble locally. 

2. A talk by some outside expert— 
e.g., a doctor or an equipment expert. 

3. A motion picture or slide film per¬ 
tinent to the situation. 

4. Statistical reports. 

5. Articles or professional papers 
from trade journals, accident-prevention 
bulletins from such agencies as U. S. 
Bureau of Mines and National Fire Pro¬ 
tection Association. 


12.5 PUBLICATIONS AND VISUAL AIDS 

Periodicals such as safety maga¬ 
zines (house publications) are a 
good method of getting messages across. 
Great care should be taken that the edi¬ 
torial content is readable. It should ap¬ 
peal to the intellectual level of those to 
whom it is directed. 

Special bulletins, with adequate illus¬ 
trations, may be put out to cover pro¬ 
cedures in combating hazards. Where 
more detailed information is required, a 
manual may be issued—e.g., for investi¬ 
gating procedures in industrial injury 
cases, automotive accidents, designing 
for safety, and so forth. 

Motion pictures and other visual aids 
are of great value in training programs. 
Care should be exercised to preview 
content. Visual aids that are poorly 
edited, inappropriate, lack continuity, or 
show improper work practice^ can do 
more harm than good. Indexes of safety 
motion picture films and slide films may 
be procured from business and indus¬ 
trial photography magazines. 
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12.6 FIRST-AID COtTBSES 

Since first aid has an off-the-job 

as well as on-the-job application, 
it offers an opportunity to sell employ¬ 
ees on management’s interest in their 
welfare at all times. Industrial associa¬ 
tions, U. S. Bureau of Mines, and Amer¬ 
ican Red Cross offer good courses. Many 
successful safety programs have been 
launched through courses in first aid for 
all employees. Men are thus informed 
that the company has or is starting a 
formal program. 


12.7 CONFERENCES 

Periodic seminars or directed con¬ 
ferences for supervisory personnel 
should be a cornerstone in the safety¬ 
training program. Since •the supervisor 
is responsible for the efficiency of his 
segment of production, such training is 
essential to help him do his job. Produc¬ 
tion must be safe to be efficient. Such 
courses should embrace employee work¬ 
ing relationships, industrial psychology, 
and allied information. Material for such 
meetings is available from many cor¬ 
porations and universities. 

Since mo.«t states require a number of 
forms in the event of an industrial in¬ 
jury, forum meetings on administration 
of workmen’s compensation are valua¬ 
ble. Information exchanged in these ses¬ 
sions enables supervisory personnel to 
understand the need for prompt, accu¬ 
rate reporting. Good reports facilitate 
administration and help in the prepara¬ 
tion of valid statistical analyses. 


12.8 MOTOR-VEHICLE DRIVER¬ 
TRAINING 

Where fleet operation is part of 
a business, motor-vehicle accident 
prevention presents a problem. Driver- 
training activity, coupled with eye e-\ami- 
nations, can help management control 
this situation. A meeting or a series of 
meetings can be arranged to present the 
basic causes for accidents and an explana¬ 


tion of the physical, physiological, and 
psychological forces that culminate in 
accident-producing situations. Stress 
should be placed on the need for indi¬ 
vidual responsibility in adjusting to 
traffic situations and in avoiding acci¬ 
dents. 


12.9 MANAGEMENT ATTITUDE AND 
EXAMPLE 

Instruction and training will be 
of little value without the third 
component—example. The employees 
will be influenced by the example set for 
them, since the supervi.sor represent-s 
management and management's think¬ 
ing. If he supports a safety-education 
program because he has to, or if he gives 
it only lip service, he will get the same 
sort of response from his people. But 
enthusiasm for making safety a vital 
part of the everj'day w'ork activity will 
lead to a reduction of injuries in each 
phase of operation. 


13. STATISTICAL REPORTS 

Statistical reports are essential as 
a source of periodic information 
on progress or retrogression. They can 
quickly and effectively pinpoint weak 
areas where more effort need.s to be 
expended on accident control. Such re¬ 
ports may be compiled for establishing: 

1. Industrial injury frequency rates 
(disabling injuries per 1,000,000 man¬ 
hours w'orked). 

2. Industrial injury severity rates 
(days lost per 1,000 man-hours worked). 

3. Analyses of basic causes, nature of 
work, and types of accidents. 

4. Motor-vehicle accident frequency 
rates (recordable accidents per 100,000 
miles traveled). 

5. Costs. 

6. Any other pertinent subject, such 
as vision-testing results and pre-em¬ 
ployment testing. 

Such reports may be compiled 
monthly, quarterly, semiannually, or 
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ABC MANUFACTURING COMPANY 

DUabllns Iniliiatrlal Injuries • year 1952 

Department 

Number of 
Disabling Injuries 

Frequenc 
Onjuriei 
Million Hri 

y Rate 
per 

1 . Worked) 

severity Rate 
(Days lost per 
Thousand Hrs. Worked) 

This 

Year 

Last 

Year 

Avg. Prev* 
$ Years 

Year 

Last 

Year 

Avg. Prev. 
9 Years 

This 

Last 

Year 

Avg. Prev. 

5 Years 

Production 

4* 

9 

4 

4.1 


11.2 

4.16 

4.14 

3.22 

Assemblinc 

2 

» 

6 

3.5 

14.5 

10.4 

0.27 

0.18 

0.59 

Warehousing 

37 

20 

30 

10.0, 

14.5 

26.2 

0.46 

0.22 

1.10 

Maintenance 

7 

8 

0 

6.3 

6.0 

16.2 

0.11 

0.21 

0.44 

TOTAL 

90 

SO 

55 

8.5 

0.7 

16.0 

1.77 

0.23 

1.34 


*Bacb asterltk Indicate* a fatality 

FIG. 11.14 TYPICAL LAYOUT FOR STATISTICAL RE¬ 
PORT. 


annually. Once the report system is in 
operation, it provides a means of com¬ 
paring any given period with another— 
e.g., last year vs. a base period, say the 
previous five-year or ten-year averages. 

The information should be concise 
and easily understood. Voluminous sta¬ 
tistics are boring and often confusing. 
Consideration must be given to those 
who will read the reports. 

A simple layout such as that in Fig. 
11.14 may be used for the most fre¬ 


quently issued reports. Figure 11.15 
shows an effective combination of a 
graph and a pie chart. The form of 
chart should be varied to keep them 
from becoming stereotyped. 

Properly prepared, these reports may 
rapidly and graphically tell management 
in what direction the organization is 
headed accident-wise. They provide an 
educational tool for use in the safety 
program. They should be easily inter¬ 
preted and be as brief as possible. 


FIG. 11.15 FREQUENCY POLYGON AND PIE CHART. 


38 39 40 41 42 43 44 45 46 47 48 ,.»* 

-| 3.00 

TREND OF 
MOTOR VEHICLE 
ACCIDENT 
FREQUENCY 




BASIC CAUSES OF 
MOTOR VEHICLE 
ACCIDENTS 


Se 39 40 41 42 4S 44 49 46 47 4$ 








Oliver E> Byrei* professor of Education and Direc¬ 
tor of the Department of Hygiene at Stanford Univer¬ 
sity, is one of the leading men in hygiene and health 
education in this country. He received the A.B., M.A„ 
and Ed.D. degrees from Stanford University, special¬ 
izing in Hygiene and Physical Education. He taught 
several years in public schools and junior colleges before 
joining the faculty of Stanford University. He earned 
his M.D. degree from the University of California 
School of Medicine. 

Dr, Byrd is the author of twelve volumes of the 
Health Yearbook, published annually by the Stanford 
University Press. He also has written Textbook of Coir 
lege Hygiene, Health Altitude Scale, Personal Health 
Inventory, Patient's Self-HiSutry Form, and Workbook 
for Health and is one of the co-authors of Education in 
War and After. He has written numerous articles for 
professional journals. 

He has been consultant in School Health to various 
counties and cities, consultant on military hygiene 
curriculum for the Air University, U. S. Air Force, 
consultant and Nutrition Workshop Director for 
General Mills Corporation, Utah State Agricultural 
College, Los Angeles City School System, University 
of Omaha, and Colorado State College of Education. 
He is also Chairman of the Western Advisory Com¬ 
mittee, Paul S. Amidon and Associates, Consultants to 
industry on Educational Matters. 

Dr. Byrd is a Fellow in the American School Health 
Association, American Public Health Association, 
American Association for the Advancement of Science, 
and the American Academy of Physical Education. He 
is also a member of the National Education Associa¬ 
tion, American Association for Health, Physical Edu¬ 
cation and Recreation, and the Commonwealth Club 
of California. 


SECTION 



Industrial 

Hygiene 


Oliver E. Byrd 


1. Introduction. 

2. Attitudes of groups interested in industrial health. 2.1 The attitude of 

labor. 2.2 The attitude of management. 2.3 The attitude of government. 2.4 Attitude of 
other agencies. * 

3. Absenteeism in industry. 3.1 Cost. 3.2 Rates. 3.3 Causes. 3.4 Records. 

4. Indu.strial fatigue. 4.1 Causes. 4.2 Program for reducing fatigue. 

5. Body mechanics. 

6 . The handicapped worker. 

7. Industrial compensation fob illness. 

8. Health education in industry. 8.1 Worker participation. 8.2 Traditional 
teaching methods. 8.3 Use of community facilities. 

9 . The healthful work environment. 

10. Mental hygiene for workers. lO.l Preventive program. 10.2 Diagnostic 
program. 10.3 Curative program. 10.4 Home and community relationships. 

11. The industrial medical service. 11.1 Organization. 11.2 Personnel. 11.3 
Equipment and facilities. 11.4 Functions. 

12. Industrial dentistry. 

13. Visual health in industry. 

14. Noise and the conservation of hearing. 

15. Nutrition in industry. 15.1 In-plant feeding. 15.2 Educational program. 

16. The control of communicable diseases. 16.1 Control of disease. 16.2 Occupa¬ 
tional implications. 16.3 Occupational infections. 

17. Heart disease in industry. 

18. Alcohol in industry. 18.1 Sympathetic attitudes. 18.2 Regulations against 
working while intoxicated. 18.3 Alcohol education. 18.4 Cooperation with Alcoholics 
Anonymous. 18.5 Hospitalization for acute alcoholism. 

19. Skin disorders in industry. 

20. Health in the worker’s family. 

21. Recreation and health. 

Bibliography. 


1. INTRODUCTION 

There are six basic facts regarding 
the health of the worker that 
should be well understood by manage¬ 
ment, labor, government, and any oth¬ 


ers who are concerned with the develop¬ 
ment of an industrial-health program. 
These are: 

1. The quality of the work perform¬ 
ance of any employee is intimately re¬ 
lated to his physical and mental health. 
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This fact has been clearly established 
by the experience of industry and by 
scientific research. Anything that indus¬ 
try can do to raise its workers’ level of 
vitality is likely to render concrete re¬ 
sults in terms of reduction in absentee¬ 
ism, increase in work output, diminution 
of labor turnover, and better worker 
morale. 

2. Management and labor are both 
affected by health conditions that pre¬ 
vail in an industry or in the community 
in which an industry exists. This fact 
rests upon biological law. Health pro¬ 
grams in industry should not be thought 
of as welfare efforts to improve the liv¬ 
ing standards of minor employees. The 
mental illness, for example, of even one 
high-ranking executive may have pro¬ 
found effects upon hundreds or thou¬ 
sands of other employees. The loss, for 
health reasons, of even one research 
worker, engineer, or other valuable em¬ 
ployee may make the difference between 
success or failure in meeting the com¬ 
petition of other industrial organiza¬ 
tions, if the significance of that em¬ 
ployee is sufficiently great. 

3. Each kind of work has its special 
health hazards. This fact is of primary 
concern to management and labor from 
the legal viewpoint. In every line of in¬ 
dustrial effort, special studies should be 
made to ascertain whether or not a 
given kind of employment is healthful 
or hazardous so far as the worker is con¬ 
cerned. The great variety of jobs in in¬ 
dustry makes it almost impossible to 
generalize on the nature of work haz¬ 
ards. Only analysis of each type of work 
can reveal the factors that reduce the 
efficiency of the employee or that pro¬ 
duce serious impairment of his health. 
Reductions in the frequency of lawsuits 
and in the costs of industrial compensa¬ 
tion can make the elimination of health 
hazards a profitable undertaking for 
management. 

4. Most worker illnesses are caused by 
factors totally unrelated to the occupa¬ 
tion of the employee. This fact is of 
great significance. The most effective in¬ 
dustrial-hygiene program will be the one 
that is aimed at reduction of off-the-job 
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sickness. This calls foor a different type of 
effort than what is generally conceived 
as the industrial-health program and 
places a high premium upon health edu¬ 
cation of the worker. 

5. A sound industrial-health program 
can more than pay for itself when it is 
based upon real need, is carefully con¬ 
ceived, and is properly administered. 
This fact is of practical importance. 
Unless labor, management, and govern¬ 
ment look upon the industrial-health 
program as a profitable undertaking for 
all, there is likely to be some limitation 
on the development of this phase of 
industrial relations. No one Mauds to 
lose in a properly conducted program of 
industrial hygiene. 

6. The industrial-health program is a 
public-health responsibility of the com¬ 
munity as well as of labor and manage¬ 
ment. In the de/elopment of any indus¬ 
trial-health program full cooperation 
should be given to public-health and 
other community health agencies for 
improvement of health conditions under 
which the worker lives. Family and com¬ 
munity health factors are more impor¬ 
tant in most cases in establishing the 
health status of the worker than the 
conditions that exist on the job. 


2. ATTITUDES OP GROUPS INTER¬ 
ESTED IN INDUSTRIAL HEALTH 

2.1 THE ATTITUDE OF LABOR 

2.1.1 Toword removal of health 
hazards. Organized labor in the 
United States has consistently fought 
for the removal of health hazards from 
industry. These efforts have been influ¬ 
ential in protecting the health of the 
worker while he is on the job. Recently, 
labor groups have begun to take a more 
direct responsibility for the health of 
their members through the provision of 
union health plans for medical care of 
the worker and his family. All indica¬ 
tions are that this aspect of industrial 
hygiene will undergo considerable de¬ 
velopment in the years ahead. 

2.1.2 Toward industrial modicol ox* 
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aminations. Occasionally, labor has 
reflected an attitude against certain 
health measures, such as the industrial 
medical examination. The basis for this 
objection has been that the examination 
was used for rejecting the work candi¬ 
date, rather than for placing him prop¬ 
erly after employment, or for discharg¬ 
ing an employee found to be suffering 
from some disabling condition. Proper 
use of the examination, for the protec¬ 
tion and the job placement of the 
worker, rather than for rejection or 
discharge, has tended to dispel labor’s 
objection to this phase of the industrial 
medical program. 

2.1.3 Activities of labor groups. In 

the main, labor groups have shown a 
wholesome and desirable concern about 
the worker’s health, as is illustrated in 
the following typical activities: 

1. Protective legislaflon. Labor unions 
have been very effective in securing pas¬ 
sage of laws for the removal of health 
hazards and in securing mandatory com¬ 
pensation for death or illness from in¬ 
dustrial accidents and disease. 

2. Protective contracts. Union agree¬ 
ments with employers have been broad¬ 
ened to include provisions that insure 
healthful working conditions and, in 
some instances, health and disability 
benefits. 

3. Health services to union members. 
Organized labor has been steadily en¬ 
larging its efforts to provide health pro¬ 
tection to its members through various 
activities, such as the following: 

Life insurance. 

Sickness benefits. 

Direct medical care. 

Direct dental care. 

4. Health research. Some labor groups 
have established research agencies that 
have given attention to several kinds of 
health problems. An increase in research 
activities pertaining to health of the 
worker appears to be justifiable. Espe¬ 
cially desirable is research that analyzes 
the health effects of various kinds of 
work and work environments. 

5. Health education of members. Very 
few labor unions have attempted any 
extensive program of prevention of ill- 


nei» through education in the causes of 
sickness. A few labor groups, however, 
have pioneered along these lines. 

6. Support of health programs for the 
general population. Both the A.F. of L. 
and the C.I.O., as well as other labor 
organizations, have strongly endorsed a 
national health program. 


2.2 THE ATTITUDE OF MANAGEMENT 

Management has come to have a 
broader viewpoint on the protec¬ 
tion and improvement of the health of 
employees. Early efforts were largely 
confined to providing a safe environ¬ 
ment for the worker and to rendering 
medical aid in case of injury. Today, 
some of the most farsighted plans for 
the health supervision of workers have 
been initiated by enlightened manage¬ 
ment, rather than by labor or govern¬ 
ment. 

1. Compliance with mandatory legis¬ 
lation. In general, management readily 
conforms to legislation aimed at protect¬ 
ing the health of the worker. 

2. Increasing recognition of moral re¬ 
sponsibilities. Programs to reduce occu¬ 
pational accidents and disease, the em¬ 
ployment of handicapped workers, the 
re-employment of persons compelled to 
leave work because of illness, and other 
practices indicate that with many em¬ 
ployers humanitarianism is a prominent 
reason for protecting the health of their 
workers. 

3. Voluntary removal of health haz¬ 
ards. Management has shown an in¬ 
creasing desire to improve the working 
environment even when not compelled 
by law to do so. 

4. Health research. Industrial re¬ 
search has not been concerned primarily 
with health, but there are some note¬ 
worthy examples where management 
has contributed to the improvement of 
worker health through fundamental in¬ 
vestigations. 

5. Recognition of financial advan¬ 
tages. Industrial leaders have seen the 
wisdom of improving worker efficiency 
in order to lower the costs of produc- 



7S0 


iNOUSfUAL HYOHEM 


tion. Although fioaiicial results some¬ 
times are not too obvious, there is good 
evidence that health programs more 
than pay for themselves. 


2.3 THE ATTITUDE OF GOVERNMENT 

Federal, state, and local govern¬ 
ments have accepted the respon¬ 
sibility of occupational hygiene in 
a belated but wholehearted manner. 
Industrial-hygiene programs are now 
accepted as an integral and indispensa¬ 
ble part of every public-health organiza¬ 
tion. A real effort is being made to bring 
public health to the general population 
through expansion of industrial-health 
programs. 

Federal agencies. Contributions to 
worker health have come from a ntim- 
ber of different federal agencies, but the 
following have made special efforts to 
serve industry: 

1. Federal Security Agency, U. S. 
Public Health Service, Division of In¬ 
dustrial Hygiene. 

2. U. S. Bureau of Mines. 

3. U. S. Department of Labor. 

State agencies. Prior to 1936, there 

were only three or four state depart¬ 
ments of health that had separate ad- 
mmi.'it rative units dealing with indus¬ 
trial hygiene, but since the passage of 
the Social Security Act a great num¬ 
ber of states have organized Divisions 
of Industrial Hygiene. The exact title, 
function, and location of these units in 
the governmental structure vary in the 
individual states. i 

2.3.1 Governmental activities. Gov¬ 
ernmental activities in the field of occu¬ 
pational hygiene are much more exten¬ 
sive than is generally realized. There is 
every indication that an intensification 
of service in this field k' to be expected. 

Legislation. One of the most obvious 
indications of governmental attitude to¬ 
ward the health of the worker is the 
actual legislation designed to protect the 
employee. Such legislation includes: 

Compensation laws. 

Safety laws. 

Vocational rehabilitation. 
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Social Security Act. 

Financial support. In recent years, 
large amoimts of federal money have 
been made available for expansion of 
industrial-hygiene programs. 

Research. Much valuable research re¬ 
lating to industrial health has been car¬ 
ried on in government laboratories. Un¬ 
til recently, such research was confined 
largely to federal agencies and a few 
universities. 

Survey service. One of the most valu¬ 
able aspects of governmental activity in 
the field of occupational hygiene has 
been that of cooperation with manage¬ 
ment or labor in making surveys of 
health conditions in different industries. 

Educational services. Some extensive 
educational programs in occupational 
hygiene have been attempted by govern¬ 
mental agencies. This service will prob¬ 
ably expand in the future. 

Advisory and consultative services. 
Both federal and state agencies have 
served as sources of expert opinion and 
guidance in the field of occupational 
hygiene. 


2.4 ATTITUDE OF OTHER AGENCIES 

Certain voluntary and profes¬ 
sional, as well as commercial, or¬ 
ganizations have made valuable contri¬ 
butions to the problems of occupational 
hygiene. Such agencies have demon¬ 
strated real leadership in this field and 
have earned on research and other ac¬ 
tivities that have often paved the way 
for advances that could not have been 
made otherwise. 

Two of the organizations that are 
especially prominent in providing volun¬ 
tary or professional leadership are the 
American Public Health Association, 
through its Section on Industrial Hy¬ 
giene, which was organized in 1914, and 
the American Medical Association, with 
its Council on Industrial Health, 

Many other local organizations pro¬ 
vide specialized services for labor or 
management in the field of health, and 
full exploration of these local resources 
should be made. 
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The American Social Hy^^e Associa¬ 
tion, for example, has worked actively 
with industrial groups in the control of 
venerea! disease and in health education 
of the employee group on this problem. 
The National Tuberculosis Association 
has rendered valuable services in detect¬ 
ing tuberculosis in working groups and 
in educating employees on the subject 
of tuberculosis. The American Cancer 
Society has contributed fund.s for re¬ 
search in industrial cancer and has sup¬ 
plied health-education materials for use 
by workers and by the general popula¬ 
tion. A great many other voluntary 
health organizations have likewise 
worked with industrial groups in pro¬ 
moting health. 

3. ABSENTEEISM IN INDUSTRY 

3.1 COST 

When a worker is absent from his 
job, he is likely to undergo a per-. 
sonal financial loss, and indu.stry is likely 
to suffer in terms of efficiency and pro¬ 
duction. Society inherits both los.scs. 
Absenteeism, especially that due to ill¬ 
ness, profits no one. 

The exact cost of worker absences is 
difficult to compute because it is bound 
up with the kind of work involved and 
with the experience, skill, and ingenuity 
of the employee. One report from 58 
utility companies indicates an average 
cost to the companies per year of $56 
per employee for absenteeism.* Obvi¬ 
ously, this figure cannot be applied to 
all industries because of different cir¬ 
cumstances, but it does illustrate the 
general principle that when a worker is 
absent from his job it costs his com¬ 
pany money. 

3.2 RATES 

Absenteeism rates during World 
War II in different war industries 
varied from about 4 to 15 per cent, with 

♦“Have You Heard What Absenteeism 
Costs?” Occupational Health, Vol 12, No. 
8, August 1952, 135. 


a common rate of about 6 to 8 per cent. 
Substantial reductions in worker ab¬ 
sences were achieved when special atten¬ 
tion was given to w’orker health, espe¬ 
cially when a planned approach to the 
problem was made through cooperative 
efforts of management and labor. 

Although numerous studies have been 
made on this problem, it is difficult to 
be certain just what is the irreducible 
minimum in terms of worker absences 
caused by illness and injury. It appears 
that any absenteeism rate over S per 
cent can probably be reduced by special 
attention to the problem. 

In general, sickness rates and ab¬ 
senteeism are greater among female 
employees. Hence, organizations that 
employ large numbers of women need to 
pay particular attention to this problem. 
Figures compiled by the United States 
Public Health Service over a period of 
10 years show that disabling illnesses 
la.«ting over 8 days or longer are about 
twice as frequent among women work¬ 
ers as among male employees.* Data on 
this subject for the years from 1941 to 
1950 inclusive are given in lable 12.1, 
Figures are rounded to the nearest whole 
number. 


TABLE 12.1 


Year 

Average annual number of 
absences lasting 8 days or 
more per 1,000 workers 

Males 

Females 

1941 

101 

163 

1942 

106 

163 

1943 

138 

204 

1944 

141 

221 

1945 

147 

258 

1946 

115 

248 

1947 

112 

260 

1948 

105 

257 

1949 

96 

255 

1950 

117 

258. 


♦ Division of Occupational Health, 
United State.s Public Health Service, “Fre¬ 
quency of 8-Day or Longer Disabilities, 
1941-M.” Industrial Health, Vol. 11, No. 
12, December 1951, 184. 
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3.3 CAUSES 

Sickness absenteeism in industry is 

a reflection of many different fac¬ 
tors. It varies according to age, sex, lack 
of job satisfaction, nutrition, housing, 
general sanitation in the community, 
and many other factors. Regardless of 
the origins of worker illness, however, 
two conclusions can be drawn from the 
experience of industry with this prob¬ 
lem: (1) Absence from work results in 
a financial loss to both the employee and 
his employer. (2) Sickness absenteeism 
can be reduced to a certain minimum 
with profit to all concerned. 

Public-health and industrial statistics 
show that most worker absences are 
caused by illness and injury sustained 
away from the job. Industrial manage¬ 
ment’s preoccupation with accidents 
incurred while the employee is at 
work has brought lower compensation 
insurance rates and has been profitable 
for both labor and management. But the 
greater possibilities of profit to both 
from reduction of off-the-job injuries. 


which occur twice as frequently, have 
been virtually unexplored. 

Of even greater significance is the 
possibility of reducing worker absences 
by giving serious attention to ways of 
reducing illness rather than to ways of 
reducing accidents. For every one ab¬ 
sence lasting eight days or more caused 
by nonindustrial accidents, about nine 
are caused by sickness from causes other 
than accidental injury. The development 
of health-education programs in indus¬ 
try aimed at off-the-job causes of illness 
has scarcely begun, but it is probable 
that only through this type of activity 
can much progress be made against 
these factors. 

Records on causes of worker absences 
are likely to be incomplete and to have 
restricted meaning unless they are com¬ 
piled for a particular group of workers. 
Some understknding of the causes of 
sickness absenteeism can be obtained, 
however, from analysis of existing re¬ 
ports on industry in general. The United 
States Public Health Service has re¬ 
ported each year on industrial absences 
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TABLE 12.2 INDUSTRIAL ABSENCES CAUSED BY ILLNESS 1941-1950 




Annual number of absences 



lasting 8 days or more 



per 1,000 workers 

Rank 

Cause of absence 

Male 

Female 

1. 

Influenza and grippe 

17 

32 

2. 

Off-the-job accidents 

12 

16 

3. 

Bronchitis 

7 

11 

4. 

"Stomach disorders" 

6 

3 

6 . 

Pneumonia 

5 

4 

6. 

Sore throat and tonsilitis 

5 

16 

7. 

Rheumatism 

5 

4 

8 . 

Heart disease 

4 

2 

9. 

Appendicitis 

4 

12 

10. 

Skin diseapes 

3 

5 

11. 

Diseases ol the genito-urinary system 

3 

19 

12. 

Neuralgia and neuritis 

3 

3 

13. • 

High blood pressure 

2 

1 

14. 

Hernia 

2 

1 

15. 

Neurasthenia 

2 

11 

16. 

Diarrhea and inflammation of the intestines 

2 

6 

17. 

Tuberculosis 

1 

1 

18. 

Cancer 

1 

1 










TABLE 12.3* TEN MOST COMMON HEALTH PBOBLEMS OF EXECUTIVES 


Rank 

Disease 

Number 

1. 

Obesity (Overweight) 

127 

2. 

High blood pressure 

60 

8 . 

Pyorrhea 

55 

4. 

Hemorrhoids (piles) 

50 

5. 

Hypothyroidism (low basal metabolism) 

39 

6. 

Hernia 

37 

7. 

Sinus disease 

3* 

8. 

Psychoneurosis 

33 

9. 

Arthritis 

33 

10. 

Duodenal ulcer 

24 


* E!arl F. Luts, “Health Examinationa of Induatrial Exeoutivea," /ndualrtol Mtdieint, Vol. 17, No. 2, Feb¬ 
ruary IMS, 65-69. 


caused by illness since 1920. Table 12.2 
represents a rearrangement of data from 
this source for the ten-^ar period from 
1941-1950 inclusive.* Absences caused 
by industrial accidents and venereal 
diseases are not included, nor are ab¬ 
sences of shorter duration than eight 
days. Statistics of this sort give only a 
partial picture of the causes of sickness 
absenteeism. Figures in the table have 
been rounded to the nearest whole num¬ 
ber in addition to being rearranged, and 
only major specific illnesses are included. 

Certain illnesses or deaths are caused 
by factors directly related to the job. 
The nature of these hazards can be de¬ 
termined only by analyzing the specific 
work involved. The great variety of jobs 
makes it almost impossible to predict 
job hazards without such an analysis. 
Every kind of work has its special health 
hazards. If the worker’s health is to be 
safeguarded, health hazards both on the 
job and off the job must be considered. 

The health problems of certain work 
groups may be significantly different 
from those of others. A General Motors 
Corporation study of the health of 718 
executives revealed the ten most com¬ 
monly encountered health problems. 
These are listed in Table 12.3. 

* W. M. Gafafer, “Industrial Sickness 
Absenteeism among Males and Females 
During 1950," PvbUc Health Reports, Vol. 
66, No. 47, November 23, 1951, 1550-1552. 


3.4 RECORDS 

Important information on the 
causes of absenteeism can be ob¬ 
tained on a systematic basis only if 
records are kept. Sickness records, how¬ 
ever, often are not sufficiently analyzed 
or else are not kept in such a manner 
as to make adequate interpretation pos¬ 
sible. The following suggestions for keep¬ 
ing absenteeism records have been made 
by experienced industrial hygienists: 

1. Records shoiUd be kept of every 
worker absence of one day’s duration or 
more, providing these data are used for 
an analysis of the causes of absenteeism. 
Obviously, there is little sense in keep¬ 
ing ’records unless they are to by sys¬ 
tematically interpreted. 

2. Absence records should be carefully 
compared by different departments, 
plants, supervisors, and so on, in order 

* to locate areas of operation in which 
there are special hazards to the workers’ 
physical or mental health. 

3. Absenteeism records should be 
compared witK those of other industrial 
organizations so that data can be inter¬ 
preted on a broad industrial ba^s as 
w'ell as on a more specific interdepart¬ 
mental basis. It is not always possible, of 
course, to obtain sickness data from 
other industrial organizations. 

4. The absence records of individual 
workers should be used as a basis for 
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counseling, medical service, and other 
guidance activities in personnel prob¬ 
lems. The use of the individual worker’s 
records for this purpose is particularly 
advisable in advancing health education. 

5. Absence records from male and 
female employees should be kept and 
studied separately because of differences 
that might otherwise be obscured by 
the total absenteeism rates. Industrial 
experience in general has shown that 
there may be marked differences in both 
the absenteeism rate and the cause of 
absenteeism between the two sexes. 


4. INDUSTRIAL FATIGUE 

Fatigue of whatever origin lowers 
or destroys working efficiency. 
Compensation in the form of rest is nec- 
e.ssary at periodic intervals even for the 
healthy worker. Although it is normal 
for a worker to become tired when he 
expends effort, it is not normal for him 
to remain tired. The speed with which 
he recovers from fatigue is thus an im¬ 
portant indication of his need for rest 
or for correction of some fundamental 
cause. 


4.1 CAUSE.S 

When fatigue does not yield 

promptly to rest, it is important 
to look for some basic cause other than 
the work activity itself. Fatigue may be 
caused by the personal health habits 
of the worker, such as insufficient sleep, 
undernourishment, and excessive activi¬ 
ties after work. Fatigue on the job may 
be caused by worry and anxiety about 
off-the-job factors, such as family prob¬ 
lems. Poor body posture, flat feet, 
chronic disease, and many other factore 
may cause fatigue. Communicable dis¬ 
ease, such as tuberculosis, may give a 
long-lasting, persistent fatigue. Some 
factors on the job, such as noise and 
poor ventilation, may be involved. De¬ 
fective viEHon may cause fatigue on jobs 
that require finely detailed work. 


4.2 PROGRAM FOB REDUCING FATIGUE 

A program to relieve industrial 

fatigue should not be restricted 
solely to an evaluation of the worker’s 
environment or of his work habits on the 
job. When a large group of workers 
exhibits fatigue, it is well to suspect 
some factor in the work environment, 
such as excessive noise, harmful vapors, 
poor emotional relationships between 
the workers themselves or between the 
employees and management, or any one 
of a number of factors that may be 
revealed only by careful analysis of the 
work situation. However, when an iso¬ 
lated worker shows excessive fatigue, a 
personal problem is usually responsible. 
In this case, it is well to start with a 
medical examination for the individual 
worker. The possibility of disease should 
always be explored in both individual 
and mass complaints of fatigue. A peri¬ 
odic physical examination for all w’ork- 
ers provides an important means of 
evaluating the physical status of the 
worker in relationship to fatigue. When 
illness is found to be the cause of 
fatigue, corrective efforts? must be based 
upon medical treatment of the basic 
cau.«e. 

The following factors may be useful 
in reducing worker fatigue: 

1. Medical examination of all work¬ 
ers at periodic intervals. Special exami¬ 
nations for individual workers in whom 
fatigue is especially apparent. 

2. Multiple feedings. Mid-morning 
and mid-afternoon snacks help to re¬ 
duce fatigue and frequently contribute 
to greater worker efficiency. Care should 
be taken, however, to see that the 
betwcen-mcal feedings are well admin¬ 
istered so that there is not an excessive 
loss of time from the job. Such a loss 
might counteract the advantages secured 
through improved efficiency. 

3. Alternation of work and rest. 
Each specific kind of work has its maxi¬ 
mum work-rest ratio in terms of effi¬ 
ciency and output. Only careful scientific 
study can ascertain the particular ratio 
that is best on a given job. The coopera¬ 
tion of both employees and management 
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HhouH be sought in determining this 
proper ratio. 

4. Health vacations. Many vacations 
destroy or impair health rather than 
improve it. One of the functions of a 
personnel department might be to as¬ 
sist the worker in planning a health 
vacation, in conjunction with advice 
from the medical officer. 

5. Reduction of noise. Many studies 
have demonstrated that even in office 
work the control of noise improves work 
efficiency. 

6. Protection of vision. Poor illumi¬ 
nation and glare may be a major source 
of worker fatigue on certain type.s of 
jobs. Since good vision is basic to almost 
all work, special pains should be taken 
to see that the worker is protected. 

7. Proper environmental work con¬ 
ditions. Temperature, Jiurnidity, and 
ventilation have a great deal to do 
with comfort and, therefore, with effi¬ 
ciency on the job. 

8. Emotional relationships among 
workers. Worry is a prominent cause 
of fatigue in many employees. The worry 
may be associated with dissatisfaction 
on the job or with problems at home. 
Regardless of its origin, the worker can 
be made a more efficient employee if 
his problem is resolved through assist¬ 
ance from the medical officer or the 
personnel department. 

9. Relaxation. Workers can be 
taught how to relax physically with 
profit to themselves and to industry. 
This is a matter of direct demonstration 
and education. It often pays good divi¬ 
dends in improved efficiency. 

10. Grouping of worker by similarity 
of temperament. This factor has been 
shown to produce more efficiency on the 
job. 

11. Health education. A sustained 
program of health education may con¬ 
vince workers of the value of good 
nutrition, proper sleep, and other fac¬ 
tors related to health and efficiency. 

5. BODY MECHANICS 

The significance of body me¬ 
chanics or posture in relationship 
to work efficiency is often overlooked 


ns 

by industrial management and labor 
alike. 

One study of school children which 
involved the use of the Iowa posture 
test and medical examinations has 
shown that there is a significant associ¬ 
ation between poor posture and certain 
physical and emotional factors such a.s 
disease, fatigue, self-consciousness, hear¬ 
ing defects, timidity, undei;weight, heart 
disorders, and asthma. 

Poor body mechanics on the part of 
the industrial worker has two significant 
aspects. First, the defective posture may 
be due to illness, fatigue, or various 
other factors that may or may not be 
associated with the work involved. Sec¬ 
ond, the poor posture may be a direct 
cause of fatigue and impaired efficiency 
on the job. Thus, it is imperative to 
approach the problem of posture in 
industry from the standpoint of both 
cause and effect. 

In some instances, work output has 
been measurably increased by training 
workers in proper body mechanics in 
relationship to the work being done. 
Also, good posture may be important 
in reducing injuries to workers. For ex¬ 
ample, w'orkers who are trained to lift 
properly have fewer back and other 
types of injuries than those who have 
never learned to lift heavy weights 
properly. 

Any attention given by industrial 
groups to the problem of posture should 
be based upon the fundamental con¬ 
cept that good posture is proper body 
mechanics in action on the job. The 
following suggestions should be helpful 
in improving the body mechanics of the 
worker in relationship to his work: 

1. The periodic examination of the 
worker should contain on appraisal oj 
his posture. 

2. Workers should be studied in re¬ 
lationship to body mechanics while^ they 
are on the job. 

3. Instruction should be given in 
proper body mechanics, especially in the 
lifting of weights. 

4. The work environment should be 
carefully appraised in respect to its 
influence upon the posture of the worker. 
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The height of the work table, for ex¬ 
ample, may be an important cause of 
poor posture. 

5. Employees should be encouraged 
to use stools, chairs, or any other de¬ 
vices that reduce body fatigue. 


6 . THE HANDICAPPED WORKEB 

The problem of the handicapped 
worker is a major one in the 
United States and constitutes a chal¬ 
lenge toward which every industrial 
organization should establish a policy 
of action. In recent years, both industry 
and society have accepted this challenge. 
In the 12-year period from 1940 to 1952 
nearly 2 V 2 million handicapped workers 
were placed in industrial Jobs, and 
hundreds of thousands of others found 
work in agricultural service. 

The cooperation of industry with gov¬ 
ernment and other agencies in finding 
work for handicapped workers is not 
based solely on altruism. Studies have 
shown that the handicapped employee 
is often a more dependable worker than 
the worker without physical defects. In 
other words, employment of the physi¬ 
cally handicapped worker is good busi¬ 
ness for both industry and for the 
nation. 

Numerous problems confront indus¬ 
try when handicapped workers are em¬ 
ployed, but these may be overcome when 
compensation boards make sound ap¬ 
praisals of the degree of disability pres¬ 
ent at the time of employment, when 
labor organizations do not insist that 
all new employees start with the more 
arduous tasks, when state legislation per¬ 
taining to second injuries of the handi¬ 
capped worker is sensible and consider¬ 
ate of both employee and employer, and 
when industrial or other physicians make 
a careful and accurate appraisal of the 
disabled worker's handicaps and abili¬ 
ties. 

The following principles may serve as 
a guide to management and labor in 
regard to the employment of handi¬ 
capped workers: 

A certain percentage of new work¬ 
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ers should be employed from the ranks 
of the handicapped as a standard, mi- 
nual procedure. 

2. Pre-employment medical examina¬ 
tions should be used for matching abili¬ 
ties of the handicapped worker to job 
requirements, rather than for rejection 
of the work applicant. 

3. The pre-employment medical ex¬ 
amination of j^ndicapped workers 
should establish as accurately as possi¬ 
ble the degree of disability present at 
the time the worker is hired. This is to 
safeguard industry from unjust compen¬ 
sation a^t'ards in case of second injuries. 

4. Labor and management should co¬ 
operate with rehabilitation agencies in 
the community, state, or region for bet¬ 
ter preparation, treatment, and place¬ 
ment of disabled workers. This includes 
notifying rehabilitation agencies of men 
or women who need assistance. 

5. Direct rehabilitation of employees 
in need of such attention because of in¬ 
jury or illness received while in the 
employ of the organization involved 
should be a'regular part of the com¬ 
pany’s medical program. In some indus¬ 
tries special job adjustments can be 
made that assist in rehabilitation while 
the employee is on the job. 

6. Emphasis should be placed by 
management on residual capabilities 
rather than on disabilities in all associ¬ 
ations with handicapped workers. 


7. INDHSTEIAL COMPENSATION 
FOR ILLNESS 

Compensation benefits for indus¬ 
trial accidents to workers have 
been well established in the United 
States. In recent years the right to com¬ 
pensation for disease due to occupation 
has also been recognized legally m vari¬ 
ous states. 

A newer trend in state labor legisla¬ 
tion has been the movement toward 
payment of benefits to workers who 
suffer unemployment because of illness 
unrelated to the work involved. In 1942, 
Rhode Island became the first state to 
provide non-work sickness insurance. 
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California became the second state to 
pass a sickness disability law in 1946, 
and since that date three additional 
states have provided such benefits. In 
1952, 26 states, Alaska, the District of 
Columbia, and Hawaii provided full 
coverage for occupational diseases in 
their compensation laws. The general 
trend in compensation has been to in¬ 
crease benefits. In 1952, Pennsylvania 
became the 27 th state to set benefits of 
30 dollars a week for temporary total 
disability. 

It is apparent, then, that industry 
must give attention to the prevention of 
worker illness due to both occupational 
disease and non-work illnesses if com¬ 
pensation costs are to be reduced to a 
minimum. 

8 . HEALTH EDUCATION IN 
INDUSTRY 

The industrial-hygiene program 
should be directed primarily at 
the prevention of illness among workers 
rather than at the detection and treat¬ 
ment of disease. Education of employees 
on health matters is the most important 
and most essential factor in any program 
of prevention. 

To achieve effective and continuing 
health education, industry should co¬ 
operate with and support health-educa¬ 
tion programs in the schools and 
community and should carry on certain 
health-instruction efforts of its own. 

There are many different ways of 
teaching. So far as the worker is con¬ 
cerned, these methods can be classified 
into two broad categories. The worker 
can learn by taking part in the activity 
himself, or he can learn by a more passive 
method of listening to others, observing 
demonstrations, illustrations, and so on. 
Of the two methods, the one that affords 
the worker the richer experience is the 
better, but passive forms of learning 
should not be neglected. 

8.1 WORKER PARTICIPATION 

Learning is most complete when 
the worker takes ^rt in the or¬ 
ganization, planning, execution, and 
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evaluation of the health-instruction pro¬ 
gram. The following examples suggest 
how the worker can be sensitized to the 
health problems in his organization and 
how he can be stimulated to learn 
through his own activity: 

1. Job analysis by the worker to dis¬ 
cover health hazards. 

2. Participation on worker committees 
to attack special health problems. Some 
examples are: 

Safety committee. 

Nutrition committee. 

Fatigue committee. 

Committee on communicable disease. 

3. Individual study and research on 
health problems associated with the 
worker’s job. 

4. Preparation of health exhibits re¬ 
lated to work and non-occupational fac¬ 
tors. 

5. Participation in health demonstra¬ 
tions. 


8.2 TRADITIONAL TEACHING METHODS 

Of the many teaching methods 
that have been used for thousands 
of years, some have special implications 
for industry. But all these methods 
should be investigated for possible use 
in a specific occupational-hygiene pro¬ 
gram. Some examples follow: 

1. Individual instruction of workers 
in health practices through demonstra¬ 
tion by trained supervisors, foremen, 
or older and more skilled workers. On- 
the-job instruction is most meaningful 
to the worker. Safety instruction is one 
of the best examples of this type of 
teaching. 

2. Group instruction on the job by 

trained foremen, supervisors, or older 
and more skilled workmen. Same method 
as the above, but the instructor teaches 
a small group instead of an individual 
w'orker. * 

3. Individual consultation with the 
physician or other qualified person. This 
method can be very effective, since it 
gives the worker a chance to bring his 
personal health problems for analysis. 
The management needs to stimulate this 
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kind of instruction by making it con* 
venient and desirable for the worker 
to ask for this expert advice. 

4. Gronp health instruction through 
lectures, classes, discussion meetings, and 
so on. 

5. Individual and group instruction 
through pamphlets, leaflets, and other 
printeil materials. 

6. Extension classes in hygiene, such 
as those carried on by mail. 


8.3 USE OF COMMUNITY F.^CILITIES 

In every community there are 

various organizations interested in 
the health of the general population, 
including that of the workers in indus¬ 
trial establishments. To overlook the 
resources and services of these official 
and voluntary health agencies is to de- 
jirive the company of both expert and, 
often, free assistance in the health- 
instruction program. 

8.3.1 The schools. Programs of indus¬ 
trial-health education can often be 
arranged through the local schools. A 
request for the addition of an industrial- 
health course to the adult or evening- 
school curriculum may stimulate the 
schools to a greater interest in this 
field. When industry can indicate its 
educational needs in this field, the school 
officials are usually quite willing and 
even anxious to provide instruction to 
meet them. Industrial support for 
health-education programs in the ele¬ 
mentary and high schools may provide 
the stimulus for development of a more 
adequate school health program in gen¬ 
eral. 

8.3.2 Voluntary health agencies. One 

of the primary functions of the private 
or voluntary health agency is to educate 
the public on specific health problems. 
If the occupational organizations are 
willing to cooperate, they can have the 
expert assistance of qualified persons in 
special health fields, such as tuberculosis 
control and first-aid. Voluntary health 
agencies are numerous, and they consti¬ 
tute a great reservoir of teaeffing ma¬ 
terials for health-instruction programs. 
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8.3.3 The public health department. 

The local or county public health officer 
is frequently an invaluable aid in giving 
information about the health conditions 
and health problems with which the 
worker is confronted as a member of 
the community. The health officer has 
available a wealth of printed materials 
that he is anxious to distribute to the 
citizens of his community. He can also 
serve as a leading resource in making 
industrial surveys and developing ade¬ 
quate sanitation. 


9. THE HEALTHFUL WORK 
ENVIRONMENT 

The physical environment is of 
particular significance to the 
health of the worker because of the great 
variety of hazards that may exist. These 
hazards may result from the use of 
toxic materials, dangerous processes, 
moving machinery, or other factors. 

Each occupation has its own health 
hazards. To discover them, it is essen¬ 
tial that an industrial-hygiene survey be 
conducted before the health programs 
are established. 

Most industries have overlooked the 
fact that the health of the worker is 
influenced by his home and community 
environment as well as by conditions on 
the job. Sometimes these may be more 
important than the work conditions. 
Management must, therefore, support 
home and community sanitation in order 
to provide the best possible health for 
employees. 

In any survey of the work environ¬ 
ment or its health potentials, attention 
should be given to the following; (1) 
the water supply, (2) sewage disposal, 
(3) personal service rooms, (4) tem¬ 
perature and ventilation control, (5) 
sanitation, (6) illumination, (7) noise 
control, (8) the use of toxic materials, 
(9) building construction and mainte¬ 
nance, (10) housekeeping and storage, 
(11) the adequacy of tools and mechani¬ 
cal equipment, and many other factors 
dictated by the nature of the work in¬ 
volved. 
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In ^me instances, the use of technical 
equipment to measure air contamination 
is essential. Assistance from state bu¬ 
reaus of industrial hygiene may be 
valuable. 


10. MENTAL HYGIENE FOR 
WORKERS 

The mental hygiene of the worker 
has definite relationships to effi¬ 
ciency on the job. Both home and 
community as well as occupational en¬ 
vironment should be considered in terms 
of psychological relationships. The gen¬ 
eral organization of the company in 
which the worker is employed should 
facilitate both personal and group ad¬ 
justment. The cornerstone of this struc¬ 
ture is for management to have an 
interest in the worker as an individual 
person. 


10.1 PREVENTIVE PROGRAM 

Occupational therapy is one of the 

approved means of treating men¬ 
tal illness. This should give some indica¬ 
tion of how important occupational 
adjustment may be in preventing psy¬ 
chological maladjustments, especially in 
employees who are fundamentally stable. 

10.1.1 Determination and promulga¬ 
tion of administrative policies. One of 
the first steps in preventing emotional 
maladjustments should be taken by the 
administrative officers. A simple and 
concise statement of the attitude and 
policies of the organization on matters 
that affect mental health should be 
drawn up and made known to both 
minor executives or work supervisors 
and the rank-and-file employees. 

10.1.2 Selection and training of 
minor executives. Unle-ss foremen, super¬ 
visors, department heads, and other 
minor executives are emotionally well 
adjusted and have an understanding of 
the principles of mental hygiene, they 
are likely to be a source of conflict and 
maladjustment on the part of the work¬ 


ers. In-service training of these company 
officers in human relationships may 
bring about great progress in industrial 
relations in a specific organization or 
industry. 

10.1.3 Selecting and grouping em¬ 
ployees according to emotional pat¬ 
terns. The worker’s association with 
other employees is a very important 
source of adjustment or conflict. Em¬ 
ployees should be grouped in accordance 
with the principles of group adjust¬ 
ment. Similarity of ideals, temperament, 
likes and di-slikes, and so on, should be 
a factor in the placement of workers. 

10.1.4 Adaptation of work to em¬ 
ployee capacity. Efforts to place the 
employee on a job that he likes will be 
repaid by returns in adjustment and 
efficiency. This adaptation calls for an 
analysis of the worker and of the job. 
Only when both have been evaluated 
will adjustment between the two be 
likely. 

10.1.5 Establishment of a mechanism 
for adjusting conflicts. In addition to the 
previous measures, some method or 
channel should be provided for workers 
to express themselves on disagreements 
or conflicts. This mechanism should 
provide a means of continuous self- 
analysis on the part of the manage¬ 
ment and will afford the worker satis¬ 
faction and relief in getting complaints 
off his mind. 

10.1.6 Personal guidance program. 

A personal guidance program that offers 
constructive criticism, friendly sugges¬ 
tions, and a program for advancement 
leads to a greater feeling of adequacy 
,and accomplishment among workers. 
The worker is inspired to a greater sense 
of security and confidence in both him¬ 
self and his employer. Guidance need 
not be limited to problems that arise 
on the job. Frequently the source of 
the most distressing conflict is in the 
home or community. 

10.1.7 Program of recreation. The 
provision of adequate recreational facili¬ 
ties and programs doe-s much to satisfy 
certain workers. A carefully planned 
program that includes services to the 
worker’s family, including adult as well 
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&S youth activities!, is most likely to 
accomplish its purpose. 


10.2 DIAGNOSTIC PROGRAM 

It is important that the worker 

with psychological difficulties be 
discovered and treated if he is to be 
retained on the job. The worker with 
poor mental hygiene is likely to have 
an unwholesome effect upon the emo¬ 
tional development of other workers 
unless the source of his difficulty is dis¬ 
covered and ameliorated. 

10.2.1 Psychological testing. Psycho¬ 
logical tests, properly used and inter¬ 
preted, are of value in industry. If the 
testing is done by untrained personnel 
and if the limitations of the tests are 
not taken into account, however, too 
much reliance may be placed upon them. 

10.2.2 Recognition of symptoms of 
maladjustment. Minor executives, de¬ 
partmental heads, foremen, and super¬ 
visors are the key persons in any 
program of detecting worker maladjust¬ 
ments. Although these persons are not 
adequately trained to make diagnoses, 
they can be taught to recognize symp¬ 
toms that may demand expert attention. 

10.2.3 The medical examination. This 
is the first exploration by technically 
trained personnel. Mental-hygiene diffi¬ 
culties often originate in the physical ill 
health of the worker. The presence or 
absence of good physical health should 
be established at the outset of the 
investigation of the employee’s mental 
hygiene. 

10.2.4 Personal consultation. Consul¬ 
tation with the worker or with his 
family may do much to reveal the 
source of the psychological difficulty. 
Although discussions should be con¬ 
ducted, if possible, by a person trained 
in the field of menial hygiene, an un- 
trainfki listener who is sympathetic and 
understanding can often do a great deal 
to alleviate conflicts in the employee’s 
mind. 

10.2.5 The psychiatric examination. 

If possible, this examination should be 
made by a medical man trained in 


p^chiatry. Sometimes several buanese 
organizations enter into a group pur¬ 
chase of psychiatric services on a full- or 
part-time basis. 


10.3 CURATIVE PROGRAM 

The worker who is menta,Ily ill is 

in need of medical aid just as 
much as the worker w'ho suffers from 
physical disease. It should be realized 
that many minor and some major men¬ 
tal illnesses can be cured. If the em¬ 
ployee is a technically trained and 
valuable worker, it will be especially 
profitable to restore him to useful serv¬ 
ice. The broader results of such treat¬ 
ment, in terms of favorable effect upon 
the other working personnel, may be 
considerable. Treatment is a technical 
matter that should not be attempted 
by the novice. 


10.4 HOME AND COMMUNITY RELA¬ 
TIONSHIPS 

Many worker maladjustments are 
caused by conditions and problems 
in home or community relationships. 
Management should acquaint itself with 
conditions that the worker encounters 
when he is away from his job. Knowl¬ 
edge of community resources in mental 
hygiene may enable the employer to 
utilize these sources as means o' settling 
difficulties of his own employees. 

10.4.1 Public-health departments. 
These agencies are establishing mental- 
hygiene services in increasing numbers. 
Although most of these services are in 
the experimental stage, the trend is 
toward expanded efforts to improve the 
mental health of the general population. 

10.4.2 Professional and voluntary 
agencies. Some professional and volun¬ 
tary agencies can render real assistance 
to industry in establishing and carrying 
on a program of mental hygiene. Labor 
and management should acquaint them¬ 
selves with such agencies. 
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11. THB IND1TBTBXAL MEDICAL 
8BBVICS 

11.1 ORGANIZATION 

The organization of the health 
department within the industrial 
concern varies according to specific con¬ 
ditions. No single administrative set-up 
is best in all cases. 


11.2 PERSONNEL 

The physician should have, in 

addition to his medical training, 
some advanced study in the field of 
public health. Public-health nurses are 
preferable because of their training in 
the preventive viewpoint. The services 
of physicians, nurses, dentists, oculists, 
psychiatrists, and other Specialists may 
be secured on a part-time basis, but 
their qualifications should be as high as 
if they were to be employed full-time. 


11.3 EQUIPMENT AND FACILITIES 

The extent of equipment and fa¬ 
cilities depends on the scope of 
the medical services rendered. Some 
larger organizations have fully equipped 
physicians’ offices, clinics, hospitals, rest 
homes, laboratories, and so on. In 
smaller plants, it is not feasible to 
provide elaborate facilities. The Ameri¬ 
can Medical Association has indicated 
that an acceptable dispensary can be 
equipped with supplies and necessary 
equipment at ai»very reasonable cost. 


11.4 FUNCTIONS 

The functions of the medical de¬ 
partment are determined by its 
administrative organization and author¬ 
ity. If the medical director has a suffi¬ 
ciently broad preparation, be may be 
designated to carry on or supervise the 
total industrial-hygiene program. Often 
his training best qualifies him to render 
medical treatment as his primary con¬ 


tribution. Although functions vary, some 
of the more important contributions 
from the medical department are as 
follows: 

11.4.1 AAedical examinations. The 
attitude of labor and management to¬ 
ward the interpretation and use of 
medical findings is very important and 
will probably determine acceptance or 
rejection of this service in the occupa¬ 
tional world. 

The medical examination in industry 
should not be used primarily for reject¬ 
ing a work applicant or for discharging 
an employee. The fundamental purpose 
of the examination is to insure proper 
job placement and to maintain and 
improve the worker’s health to tlie 
mutual benefit of management and la¬ 
bor. 

11.4.2 Daily health inspection. Fore¬ 
men, supervisors, and department heads 
are key persons in the functioning of 
an industrial-health program. They 
must be trained by the medical depart¬ 
ment to observe the workmen under 
their supervision from the health aspect 
as well as from the aspect of worker pro¬ 
duction. Although they are not qualified 
to diagnose illness, they can make daily 
health inspections to detect symptoms 
that call for referring the worker to the 
nurse or physician in the medical de¬ 
partment. 

11.4.3 Medical treatment. The extent 
of medical service provided by the medi¬ 
cal department will be determined by 
the practical limitations of policy, per¬ 
sonnel, facilities, and so on. Standards 
and policies need to be established by 
executive officers in order that the medi- 

' cal department may understand the 
nature of medical treatment to be 
rendered. Individual organizations differ 
greatly in the extent of curative treat¬ 
ment accorded the employee. The fol¬ 
lowing examples illustrate these differ¬ 
ences: • 

1. Medical and surgied care follow¬ 
ing occupational accident or disease 
only. 

2. Referal to the family physician of 
workers who need medical attention. 

3. Medical and surgical treatment of 
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workers regardless of cause of injury or 
illness—whether occupational or not. 

4. Full medical treatment for all 
workers and their families. 

11.4.4 First aid. First aid is pro¬ 
vided in many organizations that lack 
adequate personnel and facilities to 
render medical care. Where medical de¬ 
partments do exist, there should be a 
planned program for giving first aid in 
case of emergencies. It is a function of 
the medical department to train fore¬ 
men, supervisors, and workers in tech¬ 
niques for rendering first aid whenever 
advisable. 

11.4.5 Extension services. Sick em¬ 
ployees should be visited m their homes, 
in the hospital, or elsewhere. If the 
policy of the organization is to provide 
medical care, the follow-up program of 
treatment becomes an important part 
of the services rendered by the medical 
department. Home visitation by the 
nurse or phy-sician can become an im¬ 
portant means of developing good will 
toward and confidence in the industrial 
hygiene program. In the case of con¬ 
tinued absence of workers, there should 
be an investigation to discover if the 
cause is a medical one. Visiting nurse 
service or home medical care can be 
placed on an optional basis where these 
services are available on request by 
the worker. 

11.4.6 Educational services. The nurse 
and the physician have important edu¬ 
cational functions in the industrial hy¬ 
giene program. These functions include: 

1. Education of the worker-patient 
while treatment is being provided. 

2. Training of key workers m the 
principles and methods of first aid. 

3. Training of foremen and other su¬ 
pervisors in the teclmiques of the daily 
health inspection. 

4. Special instructiou on health prob¬ 
lems through lecture.'-, cons'dltations, 
committee meetings, and so on, 

5. Education of workers during med¬ 
ical examinations. 

6. Preliminary educational efforts of 
the nurse prior to medical examination 
or treatment. 

7. Education in personal and group 
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hygiene through home visitatiem by the 
nurse. 

11.4.7 Keeping of records. One of the 

important functions of the medical de¬ 
partment is to maintain adequate per¬ 
sonnel records and records of accidents 
and disease that impair the working 
efficiency of employees. These records 
should include: 

1. Analyses of all accidents or dis¬ 
eases that afflict the employee. 

2. A personal health record for each 
employee. 

3. A record of conditions or causes 
that result in injury or disease. 

4. Tabulation of the number of em¬ 
ployees sent to the medical department 
by the foremen or supervisors who are 
making daily health inspections. This 
record should enable the physician to 
discover those supervisors who are not 
cooperating in the detection of employ¬ 
ees who need medical attention. 

11.4.8 immunization services. One of 
the important means of protecting the 
individual worker and his fellow em¬ 
ployees i.s by the full utilization of avail¬ 
able immunization procedures. It may 
or may not be advisable to make im¬ 
munization compulsory, but wherever 
the health of the w'orker can be pro¬ 
tected by this means, he should be en¬ 
couraged to use this service. 

11.4.9 Other functions. The functions 
of the medical department are numer¬ 
ous and detailed. Some of the services 
other than those indicated on the pre¬ 
ceding pages are as follows: 

1. Special case-finding campaigns. 

2. Provision of specialized health 
services as needed. 

3. Arrangement for hospital service 
if this is not provided by the company. 

4. Provision of group insurance for 
employees. 

5. Providing contacts between em¬ 
ployee and community health agencies 
that may be of assistance to the worker. 

6. Other services. 

12. INDUSTRIAL DENTISTRY 

Industrial dentistry is a field of 
specialization that has not been 
widely developed. There are only about 
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160 dentists trained and experienced in 
this field who are providing service in 
industrial plants. 

Any adequate program of industrial 
dentistry must be based upon the total 
health of the w’orker. This means that 
any factors related to dental decay or 
disease of the dental tissues must be 
considered, sinc'* worker ab.<ence caused 
by poor dental health represents a sug- 
nificant loss to industry, regardless of 
the origin of the disabling condition. 

Industrial support of community 
fluoridation of water, proper diet, and 
health education in oral hygiene must 
accompany any industrial dental pro¬ 
gram. 

Although most dental health pro¬ 
grams to date have been concerned pri¬ 
marily with the provision of dental care 
on an emergency basis (such as the 
relief of toothache), the value of even 
this limited service has been demon¬ 
strated. Dr. James M. Dunning,* of the 
Harvard School of Dental Medicine, 
has reported that in one industrial 
plant the provision of emergency dental 
service had returned to work over 85 
per cent of the employees seen at the 
industrial clinic. In this plant, an aver¬ 
age time of only ten minutes was needed 
to secure relief for the worker. The 
saving of rnan-hours may be substantial, 
since approximately 2 per cent of all 
illness absenteeism is due directly to 
dental pain. Dr. Dunning has also re¬ 
ported that at the Hood Rubber Com¬ 
pany, a plant dentist who was serving 
a working force of approximately 5,000 
was able to save more than enough man¬ 
hours to cover liis entire salary. 

Farncy has pointed out that studies 
of industrial populations in Tennessee 
reveal that absenteeism because of dis¬ 
eases of the teeth and supporting struc¬ 
ture amounts to about 47 per 1,000 
employees. The severity rate, or length 
of absence for each worker with dental 
disorders, in this study averaged slightly 

* James M. Dunning, "Absenteeism 
Caused by Dental Pain Can Be Pre¬ 
vented,” Occupational Health, Vol. 12, 
No. 6, June 19^, 90. 


more than 4 days per absence. It should 
be obvious from such studies that in¬ 
dustry can well afford to give serious 
attention to the possibility of providing 
dental service for industrial workers. In 
the development of an industrial dental 
program, the following points should be 
considered: 

1. Absenteeism records should be an¬ 
alyzed to see if the industrial force, in 
terms of numbers and severity, has a 
sufficient problem in dental health to 
justify the employment of an industrial 
dentist. 

2. Any industrial dental program 
should be integrated or correlated with 
the community program in that area.^ 

3. There should be regular dental ex¬ 
aminations of all workers. 

4. Dental care should be broad and 
comprehensive and should not be re¬ 
stricted to the care of the teeth alone. 

5. There should be periodic cleansing 
of the teeth by the industrial dentist or 
the dental hygienist. 

6. Appointments or referrals of em¬ 
ployees with specialized needs should 
be made for the workers. 

7. Follow-up examinations should be 
made of all workers as needed. 

8. A continuous, comprehensive pro¬ 
gram of health education in respect to 
dental health should be carried on. 

9. Fluoridation of community water 
supplies, if needed and recommended by 
local public health authorities, should 
be supported by industrial groups. 


13. VISUAL HEALTH IN 
INDUSTRY 

Although it has been estimated 
that about 1,000 eye injuries oc¬ 
cur each day in the United States 
among the w'orkmg population, the 
problem is not limited to industrial 
safety. (See Section 11, Art. 8.3.)'Many 
eyes are aamaged by poor nutrition, 
disease, heredity, and other factors. Any 
approach to the problem of visual health 
in industry that is restricted to accident 
prevention overlooks the importance of 
visual efficiency in relationship to the 



764 


INOUSTtMl HYOIftffi 


amount and quality of work performed 
by the employee. In other words, good 
vision is directly related to the efficiaicy 
of the worker. 

In some states, the Industrial Com¬ 
missions have adopted very specific 
measures for eye protection of workers, 
and penalties are imposed on employers 
who fail to provide this protection. 

Studies suggest that visual fatigue 
plays an important role in the working 
efficiency of large numbers of industrial 
workers and clerks. Visual efficiency is 
not related solely to health of the eye. 
The amount of illumination available at 
the work surface and the presence or 
absence of glare may have an important 
relationship to the amount of visual 
fatigue experienced by the worker. In 
one experimental study on visual fatigue, 
it was shown that within a period of two 
hours it was possible to equal or exceed 
the amount of fatigue produced at the 
end of the working day on the job. In 
this experimental research it was shown 
that work performance improved mark¬ 
edly from 2 foot-candles up to 60 foot- 
candles, but that the efficiency of the 
workers changed very little at higher 
levels of illumination. The amount of 
illumination needed, however, depends 
upon the amount of detail and other 
factors involved in the work concerned. 

Griffey* has reported that in a large 
coal company it was found that 75 per 
cent of the officials and employees had 
defective vision. Following the correction 
of visual defects in this worker group, 
90 per cent showed improvement in 
production and wastage was reduced by 
37 per cent. In another organization of 
11,0)00 men it was found that 58 per cent 
had defective vision, including 21 per 
cent whose vision was exceptionally bad. 
It should be obvious in such cases that 
the efficiency of the employee can be 
improved by correcting visual defects. 

The major causes of eye accidents in 
industry are flying particles and chemi- 

• Edward W. Griffey, “Sight Conserva¬ 
tion in Industry,” Southern Medical Jour¬ 
nal, Vol. 43, No. 11, November 1950, 940- 
.944. 
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cal substances that reach the eye. Al¬ 
though exceedingly important from the 
standpoint of the health of the indi¬ 
vidual worker and from tl» viewpoint 
of compensation costs in industry, such 
accidents are not a major cause of blind¬ 
ness in the general population. Meek* 
has reported a study of blindness in 
New York state which showed that 
causes of loss of vision were unknown 
in approximately 46 per cent of the 
cases, whereas cataracts ranked second 
and accoimted for 26 per cent of the 
total cases of blindness. General disease 
accounted for 15 per cent. In 12 per 
cent of the cases the blindness was due 
to some prenatal influence, and infec¬ 
tious diseases accounted for 8 per cent 
of the cases. In this study, accidental 
injuries accounted for only 4 per cent 
of the blindness encountered. Cancers 
were at fault in 1 per cent of the cases. 

A broad program of industrial effort 
for conservation of vision should be 
based upon a number of different points. 
The following measures are of particular 
value in protecting the eyes of workers: 

1. Periodic eye examinations. 

2. Protection of vision by a well- 
balanced diet. 

3. Provision of adequate illumination 
on the job. 

4. Use of eye-protective devices in 
industry, 

5. An educational program to empha¬ 
size the causes of eye injuries and dis¬ 
eases. 


14 . NOISE AND THE CONSERVA¬ 
TION OF HEARING 

Noise is an important problem in 
industry from several viewpoints. 
First, it has been shown that noise tends 
to decrease the working efficiency of the 
average person. Second, noise may be 
an important factor in the loss of Wr¬ 
ing. Third, speech communication among 

* Raymond E. Meek, “The Causes of 
Blindness in New York State in the Years 
1946, 1947, and 1948,” New York Stale 
Journal of Medicine, Vol. 50, No. 20. Oc¬ 
tober 15, 1950, 2433-2437. 
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workers becomes more difficult in the 
presence of noise. Fourth, the mental 
health of the worker to his family, bis 
employer, and to society in general may 
be seriou^y impaired by reduction in 
bearing acuity. 

No precise standards for the preven¬ 
tion of injury to the worker from noise 
have yet been established, although most 
experts agree that hearing may be 
damaged by persistent exposure to noise 
at a level of 75 to 100 decibels. 

A study by Nash* has revealed that 
730 workers in a concern making steel 
freight cars had experienced industrial 
deafness sufficient to entitle them to 
compensation claims. The noise level in 
this plant was found to be approxi¬ 
mately 115 to 120 decibels. About 90 
per cent of the men bad worked in this 
atmosphere of noise from 10 to 30 years. 
All the injured workert were found to 
have a nerve deafness in both ears. This 
study, among others, has indicated quite 
clearly that it is a medical fact that the 
hearing of workers can be impaired by 
noise. The study also makes clear that 
the courts have upheld the right of such 
injured workers to receive compensation 
benefits for loss of hearing. 

Noisy industries must install hearing 
conservation programs in order to pro¬ 
tect the health of their workers and to 
escape from excessively heavy compen¬ 
sation liabilities. 

Most hearing loss, however, does not 
come from industrial noise. By far the 
greatest cause of deafness in adult life 
is neglected ear infection in childhood. 
It has been shown that approximately 
50 per cent o^ deafness in adults could 
have been prevented by proper medical 
care of relatively minor throat and ear 
infections in childhood. Other factors 
may also be involved in the loss of hear¬ 
ing, such as poor heredity, nutritional 
deficiencies, mechanical accidents, and 
blocking of the ear canal. 

An adequate hearing conservation 


*C. Stewart Nash, “Industrial Loss of 
Hearing; Medical Aspects,” Industrial 
Medicine and Surgery, Vol. 21, No. 4, 
April 1952, 171-173. 
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program in industry must not be con¬ 
fined solely to the dinunation or 
reduction of noise jn the working en¬ 
vironment. Greatest benefits may be 
expected to flow from an effective health 
education program. The following points 
should be kept in mind in the develop¬ 
ment of an industrial hearing program: 

1. The hearing capacity of the worker 
should be e^ablished by pre-employment 
examinations. 

2. There should be prompt medical 
care for all ear infections, as well as for 
all upper respiratory disorders. 

3. Chronic infections should be cor¬ 
rected. 


15 . NUTRITION IN INDUSTRY 

15.1 IN-PLANT FEEDING 

It has been shown that a large 
share of the working population is 
not adequately nourished. The problem 
of improving the world’s eating habits 
is a very complex one that involves 
agricultural, economic, and educational 
factors. The improvement of working 
efficiency of employees is not only pos¬ 
sible, but lias been demonstrated re¬ 
peatedly in industry today through 
provision of educational programs of 
nutrition, adequate lunchroom facilities, 
mid-morning and mid-afternoon feed¬ 
ings, and other nutritional measures. 

It must not be assumed, however, that 
between-meal feedings, or the provision 
of lunchroom facilities will automati¬ 
cally increase the working efficiency of 
employees. Qualified leadership, proper 
planning, adequate facilities, and sound 
administrative procedures are essential 
if desirable results are to be attained 
from the institution of an industrial nu¬ 
trition program. 

Some guiding principles in the de¬ 
velopment of a sound nu^itional 
program in industry are as follows: 

1. Nutritious meals of natural foods 
at prices the workers are accustomed 
to and can afford to pay should be con¬ 
veniently available to all workers. 

2. Any regular meal served in the 
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plant should contribute at least one- 
third of the daUy food reqmrementa of 
the worker. 

3. Between-meal feedings of workers 
should be instituted in industrial or¬ 
ganizations. Milk, fruit, and tomato 
juices are to be preferred as beverages. 
When other foods are served, they 
should be nutritious in character. Candy 
and soft drinks are not recommended 
for between-meal feedings. 

4. The choice of foods served in indus¬ 
trial cafeterias or restaurants should be 
determined by a trained dietitian or 
nutritionist, 

5. Studies of workers’ diets should be 
made in order to plan menus to over¬ 
come deficiencies. 

6. Educational material sho\ild be 
presented in connection with cafeteria 
service, lunches, and between-meal feed¬ 
ings to stimulate acceptance of the meals 
planned. 

7. The use of specific nutritional 
measures to prevent disease in certain 
occupations is advisable. 

8. An adequate amount of time should 
be allowed for lunch; 30 minutes or less 
is not sufficient. 

9. Adequate lunchroom facilities 
should be provided for workers; can¬ 
teens and restaurants, when present, 
should be adequate. 


15.2 EDUCATIONAL PBOGHAM 

A general educational program in 

nutrition should be part of what¬ 
ever health education is carried on. The 
program should be nontechnical and 
should emphasize the practical selection 
of foods. The average person can be 
reasonably sure of securing a well-bal¬ 
anced diet if he is well informed in the 
general field of nutrition and if he 
follows, certain accepted guides. The 
Council on Foods and Nutrition of the 
American Medical Association has ap¬ 
proved the following daily guide pre¬ 
pared by the National Dairy Council; 

1. MILK—Two or more glasses daily 
for adults. Three to four glasses for 


children. May be taken alone or in com¬ 
bination with other foods. 

2. VEGETABLES—^Two or more 
servings daily in addition to potatoes. 
One raw vegetable daily: green or yellow 
in color. 

3. FRUITS—Two or more servings 
daily. One citrus fruit or tomato daily. 

4. EGGS—One a day preferred, but 
at least 3 to 5 a week. 

5. MEAT, CHEESE, FISH, OR 
LEGUMES—One or more servings 
daily. 

6. CEREAL OR BREAD—Most of it 
whole grain or “enriched.” 

7. BUTTER—Two or more table¬ 
spoons daily. 


16. THE CONTROL OF COMMUNI¬ 
CABLE DISEASES 

Neither the rank and file em¬ 
ployee nor the business executive 
is able to carry on the normal obliga¬ 
tions of his occupation with top effi¬ 
ciency when he is suffering from a 
communicable disease. The degree to 
which the worker is incapacitated de¬ 
pends upon the illness from which he 
is suffering, upon his native or acquired 
resistance, and upon certain other fac¬ 
tors. Both from the standpoint of per¬ 
sonal health and occupational service or 
production it is important that we 
understand the principles of contagion 
and how we can control the spread of 
communicable disease. 


16.1 CONTROL OF DISEASE 

The control of communicable dis¬ 
ease requires a good deal of infor- 
formation. Knowledge of the following 
factors is essential if the problem is to 
be recognized and controlled: 

1. Specific cause of the disease. 

2. Source of the infection. 

3. Method in which the infection is 
spread. 

4. The period of incubation. 

5. The period of communicability. 

6. Specific methods of control. 
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|6.2 OCCUPATIONAL IMPLICATIONS 

Since the control of communicable 
disease is largely a medical and 
public health problem, the physician and 
the health officer must be the primary 
source of guidance for industry in this 
regard. 

There are certain measures and activi¬ 
ties, however, that labor and manage¬ 
ment may foster to bring about greater 
control over this problem. Some of these 
are as follows: 

16.2.1 Training of foremen, super¬ 
visors, and other minor executives in 
the symptoms of infections. This train¬ 
ing should not suggest diagnoses, but 
only indications for referral of sick em¬ 
ployees to family or indu.strial physicians 
in order that other workers may be 
protected and absenteeism reduced. 

16.2.2 Isolation of sick employees. 
Workers who give evidence of infection 
should be isolated at once in order that 
other workers may be protected. Man¬ 
agement should provide facilities and 
channels of administrative procedure to 
accomplish such isolation until the 
worker is put under medical guidance. 

16.2.3 Exclusion from work. An em¬ 
ployee suffering from a communicable 
disease should be excluded from work 
on order of the family or industrial 
physician, or other administrative per¬ 
sonnel, until the employee is no longer 
a hazard to others. 

16.2.4 Permit for return to work. Em¬ 
ployees often return to work before they 
have fully recovered from infections. In 
such cases, other workers may be ex- 
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posed, and the ack employee’s health 
may be further impaired. A permit to 
return to work should be issued by the 
physician in control of the case, indi¬ 
cating that the patient is no longer in 
a communicable stage of the infection. 

16.2.5 Immunizations. Management 
and labor should require as many im¬ 
munizations of workers as appear prac¬ 
tical and valuable in terms of the 
specific job to be done. Smallpox vaccina¬ 
tions should be a routine requirement, 
and immunizations for typhoid fever, 
typhus fever, tetanus, yellow fever, and 
other diseases should be required when 
needed. Immunization against influenza 
is a most important requirement in the 
control of this communicable disease 
during an epidemic. 

16.2.6 Health education. Industry can- 
profit from the support of general in¬ 
struction in hygiene, including that part 
dealing with communicable diseases, but 
management and labor leadership have 
a particular re.sponsibility to instruct 
workers in the hazard.s of infections that 
are related specifically to the type of 
w'ork being done. 

16.2.7 Special studies. Participation 
by labor and management in special 
studies for the detection of commvmica- 
ble diseases is an effective way of con¬ 
trolling the spread of certain infections. 
Mass chest surveys for the discovery of 
tuberculosis often turn up active, un¬ 
suspected cases. Obviously, the reduc¬ 
tion of exposure to other workers and 
the proper treatment of the infected 
employee are profitable arrangements 
for both labor and management. 
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Communicable disease 

1. Anthrax. 

2. Rocky Mountain Spotted Fever . 

3. Rabies. 

4. Psittacosis. 

5. Tuberculosis. 


Occupations 

Butchers, farmers, fur workers, tannery 
workers, and veterinarians. 

Foresters, hunters, sheep herders, and trap¬ 
pers. , 

Dog-pound workers, mailmen, and veter¬ 
inarians. 

Bacteriologists, parrot and parakeet han¬ 
dlers, and pet-shop owners. 

Medical students, nurses, and physicians. 
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16.3 OCCUPATIONAL' INFECTIONS 

In certain occupations, specific 
infections are likely to develop. 
Although most infections of workers &ve 
not specifically related to occupation, 
there are some types of work in which 
there is exposure to one or more com¬ 
municable disease hazards. Five ex¬ 
amples are given in the list on page 767 
to illustrate the principle that every 
occupation must be investigated for its 
special dangers of infection. 

17 . HEART DISEASE IN 
INDUSTRY 

Because the leading cause of death 
in the United States is heart dis¬ 
ease, and because hundreds of thousands 
of workers and members of workers’ 
families are afflicted with cardiac dis¬ 
orders, there is ample justification for 
special attention to this problem. 

It can be assumed automatically that 
in any large group of employees a cer¬ 
tain number of workers will have heart 
disease. In such cases, the problem is 
primarily one of adjusting the physical 
and emotional capacity of the worker 
to the job to be done or adjusting the 
work to the capacities of the individual. 
In other words, it may be necessary to 
shift the worker to a lighter type of 
activity, or, if possible, it may be wise 
to adjust the work in which the em¬ 
ployee is engaged to the capacity of 
the worker. 

Matching the worker’s physical ca¬ 
pacities to the demands of the job calls 
for technical judgment and decision. The 
degree of incapacity caused by the ill¬ 
ness must be appraised by a physician. 
The physical demands of the job must 
also be appraised, at least in part, by 
a physician. Once a careful study of 
boA, has been made, it should be possi¬ 
ble to bring the two together. 

Edmonds and Feil * have shown from 

* R. W. Edmonds and Harold Feil, "Car¬ 
diovascular Problems in Railroad Indus¬ 
try,” Industrial Medicine, Vol. 17, No. 1, 
January 1948, 7*8. 
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a study of 300 eases of heart disease 
among the employees of the Erie Rail¬ 
road Company over a 12-year period 
that nearly one-third of the men with 
heart disease could continue work for 
an extended period of time. In this 
study, 28 per cent of the men were still 
working at the end of 12 years. Many 
of the employees were able to carry out 
their jobs successfully for 10 to 15 
years. By adjusting the work to be done 
to the capacity of the employee, many 
valuable workers can be saved for an 
extensive period of time even though 
they are suffering from heart disease. 

The prevention of heart disease is 
largely a matter of health education. 
There are many different causes of heart 
disease, and when workers are well in¬ 
formed on these causes it is frequently 
possible for them to avoid injury to 
the heart. * 

An interesting plan for bringing a 
worker with heart disease to the kind 
of work that he can handle successfully 
has been reported. A special unit of the 
New York University Cardiac Clinic of 
the Bellevue Hospital, known as the 
Work Classification Unit, is gathering 
data on the effect of occupation on 
heart disease and is actively participat¬ 
ing in the proper placement of workers 
with heart disorders. In this unit, a 
physician, a job analyst, and a trained 
employment placement officer coordi¬ 
nate their activities to achieve a proper 
matching of worker and job. A program 
for controlling heart disease in industry 
could well be based upon the following 
points: 

1. A classification of jobs in terms of 
intensity of effort required should be 
made. 

2. A periodic medical examination of 
employees should give information about 
the cardiac status of the worker. 

3. When it is found that an em¬ 
ployee has a heart disorder, his work 
resfionsibility should be appraised in 
order to achieve an effective matching 
of work and capacity. 

4. A program tn health education 
should be conducted which emphasizes 
the care of the heart. 



*•3 


fNMmMAL MVOIIME 


18 . ALCOHOL IN INOCSTRY 

Periodic intoxication is a major 
cause of worker absences and im¬ 
paired efficiency while on the job in 
many industries. Management and labor 
will have a difficult time in controlling 
this problem until more is known about 
both the cause and the cure of alcohol¬ 
ism, but there are some things that 
can be done to assist the individual in 
overcoming this undesirable habit. How¬ 
ever, it must be emphasized that this 
condition is primarily a personal prob¬ 
lem and one that can be overcome only 
by the individual himself. Assistance 
from others, however, is often a major 
factor in bringing about control of 
excessive drinking. 

18.1 SYMPATHETIC aA'ITUDES 

Both management and labor lead¬ 
ership should realize that alcohol¬ 
ism is a disease and that the alcoholic 
is a sick person who needs help. Sym¬ 
pathetic, but not indulgent, attitudes on 
the part of both may help the excessive 
drinker to better self-control. Worth¬ 
while employees should not be dismissed 
impulsively because of intoxication. 
Rather, a careful study of the basic 
causes underlying the excessive drink¬ 
ing should be made in order that more 
adequate aid may be extended the 
alcoholic. This is especially true if the 
drinker is a valuable employee. 

18.2 REGULATIONS AGAINST WORKING 
WHILE INTOXICATED 

Sensible regulations, adequately 
enforced, should protect workers 
from hazards created by other em¬ 
ployees who are intoxicated on the job. 
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ployees of the effects of alcohol and of 
resources for treatment that are avail¬ 
able to the employee who derires help. 
This instruction should deal with scien¬ 
tific evidence and should be on a practi¬ 
cal plane that elicits respect from the 
worker. Much alcohol education of the 
past has had little appeal to employees. 


18.4 COOPERATION WITH ALCOHOLICS 
ANONYMOUS 

This organization has given good 
evidence that it can contribute im¬ 
portant help to alcoholics. A growing 
number of confirmed addicts have been 
completely cur^ for a number of years 
with the aid ot Alcoholics Anonymous. 
Good results are secured only when the 
alcoholic himself seeks help; so indus¬ 
try’s part in this problem should be to 
inform all workers of the activities of 
this organization and to cooperate ac¬ 
tively with it, rather than to force or 
entice drinkers to join the group. 


18.5 HOSPITALIZATION FOR ACUTE 
ALCOHOLISM 

A few hospitals are beginning to 
accept the alcoholic patient as a 
sick person who needs medical care. This 
practice should be encouraged by indus¬ 
try. An important part of the alcohol 
cure is prompt medical treatment in 
the first few days after alcoholic ex¬ 
cesses. In those hospitals or infirmaries 
operated by a particular industrial or- 
* ganization, provision should be made for 
the medical treatment of the acutely 
intoxicated worker. 

The Eastman Kodak Company of 
Rochester, New York, is a good exam¬ 
ple of an industrial organization that has 
given special attention to the problem 
of the alcoholic employee.* This com- 


18.3 ALCOHOL EDUCATION - 

_ i j 1 . 1 . *John L. Norris, "Alcoholism in Indus- 

Both management and labor lead- Quarterly Jourruil of Studies on AU 

ership should conduct continuous cohol, Vol. 11, No. 4, December 1950, 662- 
educaticmal programs to inform em> 566. 
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pany has entered into a cooperative en¬ 
terprise involving medicine, psychiatry, 
social agencies, law-enforcement agen¬ 
cies, and Alcoholics Anpnymous. 

Whenever a warrant is sworn out for 
public intoxication of a worker, it is 
served by a special police officer assigned 
to work with alcoholics. The officer is 
himself a member of the local group of 
Alcoholics Anonymous. He first visits 
the family, then the employer, and 
finally the alcoholic worker. The under¬ 
standing way in which the case is han¬ 
dled often serves as an effective intro¬ 
duction to the Alcoholics Anonymous 
organization and to the beginning of 
rehabilitation. 

This community approach has been of 
definite value to the industrial situation 
in terms of more satisfactory treatment 
and adjustment of alcoholic employees. 


19. SKIN DISORDERS IN 
INDUSTRY 

It is estimated by some authorities 
in the field of industrial hygiene 
that more than $100,000,000 annually 
is lost in the United States because of 
occupational skin di.«orders. According 
to Schwartz,* occupational diseases of 
the skin constitute about 60 per cent of 
all reported industrial diseases. 

In California during 1950, out of 
12,245 cases of occupational di.sease, well 
over 6,000 were due to diseases of the 
skin from poison oak, oils, greases, sol¬ 
vents, chemicals, industrial poisonings, 
and other diseases. 

So far as industry itself is concerned, 
the most effective prevention of skin 
disease is to have effective control of 
irritating substances in the work envi¬ 
ronment. Any comjiany that uses chemi¬ 
cals in its industrial processes should be 
especially careful, since these are the 
most common source of occupational 
skin disease. In some industries it is pos¬ 
sible to conduct operations that are to¬ 
tally enclosed. Such measures provide 

* Louis Schwartz, “Hundred Million Dol¬ 
lar Loss,” National Safety News, Vol. 66, 
No. 2, Febniary 1962, 33 ff. 
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effective control over irritating chemi¬ 
cals. Use of protective clothing, oint¬ 
ments, clean work clothes, and other 
devices also assist in the control of occu¬ 
pational skin disorders. 

All skin disorders, however, that dis¬ 
able the w’orker do not originate on the 
job. Lost time and temporary impair¬ 
ment of efficiency may be caused by poi¬ 
son oak encountered on w’eek-end pic¬ 
nics. Health education of the worker in 
respect to protection of the skin from 
a variety of damaging influences is im¬ 
portant. 


20. HEALTH IN THE WORKER’S 
FAMILY 

Family life can have a favorable 

or unfavorable influence on health. 
The health of each member, good or had, 
has its effect upon all other members of 
the family. All health problems in the 
family are intensified by the close and 
intimate as.sociation of its rriembers. Any 
consideration of the worker’s health can¬ 
not be complete unless attention is given 
to the health of his family, and to how 
this affects his working efficiency. The 
occupational hygiene program should 
utilize family resources to the utmost in 
efforts to improve the health and wel¬ 
fare of the emidoyee. 

The Jones and Laughhn Steel Cor¬ 
poration is an example of an industrial 
organization that is active in helping the 
worker to find a solution to home prob¬ 
lems.* The experience of this company 
indicates that behavior and emotional 
problems of the wife or children of the 
worker constitute the main type of dif¬ 
ficulty for which aid and guidance are 
rendered. In this organization, it is felt 
that a definite contribution, especially 
to the mental health of the workers, is 
being made by the industrial health pro¬ 
gram that gives attention to the prob¬ 
lems of the family, as well as to those of 
the worker himself. 

• Carl W. Gatter, “The Industrial Phy¬ 
sician and the Workers’ Home Problems,” 
Industrial Medicine and Surgery, Vol. 21, 
No. 6, June 1952, 273-276. 
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21. BECBEATION AND HESALTH 

Recreation does luve a relation¬ 
ship to human hejdth, both mental 
and physical, but it must not be assumed 
that health benefits flow automatically 
from the provision of recreational activi¬ 
ties. 

Athletic programs for workers, for 
example, may be good or bad, depending 
on their suitability to the age and 
capacities of the employees. Injuries 
resulting from athletics are sometimes 
an important cause ot worker absence 
or reduced efficiency. Experts in the field 
of physical education have long ago 
learned that an effective safety program 
must accompany physical activities if 
the health of the participant is to be 
protected. 

Recreational activities should be pro¬ 
vided only after a careful survey has 
been made of employee preferences. It 
should not be assumed that all worker 
groups will be interested in the same 
type of activities. 

Boothe,* for example, studied the 

* Leroy E. Boothe, “A Study of Indus¬ 
trial Recreational Activities in Lafayette, 
Indiana,” Research Quqtlerly, Vol. 14, 
No. 1, March 1943, 125-128. 
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1 . BASIC STATISTICAL CONCEPTS 

1.1 INTRODUCTION 

The science of statistics deals with drawing conclusions from observed 
data; the popular conception of statistics is that it involves large masses 
of data and concerns itself with percentages, averages, or presentation of data 
in tables or charts. This represents only a small part of the field today and is 
of less interest to industrial engineers than are other aspects of statistics— 
e.g., quality control, sampling inspection, and the design and analysis of ex¬ 
periments. These latter topics are the major ones presented in this section. 

Most scientific investigations, whether concerned with the effect of a new 
drug on polio, methods of allaying traffic congestion in a big city, consumer 
reaction to a new product, or the quality of manufactured products, depend 
on observations, even if they are of a rudimentary sort. In scientific and in¬ 
dustrial experimentation, these observations are taken to study the effect of 
variation of certain factors or the relation between certain factors. One may 
wish to study the quality of a raw material from a new supplier, the relation 
between tensile strength and hardness for a particular alloy, or the optimum 
combination of conditions in a manufacturing process. Ultimately, these 
observations are to be used for making decisions; the remainder of this sec¬ 
tion deals with providing procedures for making decisions with preassigned 
risks on the basis of the limited information in samples. These procedures 
are illustrated by examples. Many of these examples contain published data 
with references to the source. 

1.2 EMPIRICAL DISTRIBUTIONS AND HISTOGRAMS 

A basic notion of statistics is the notion of variation. For example, there 
is no single figure for the life of all incandescent lamps produced 4inder 
certain conditions; some may last many times as long as others. Consider, for 
example, the data in Table 13.1 on the lifetimes in hours of 417 40-w 110-v 
internally frosted incandescent lamps taken from forced life tests.* The life 

* D. J. Davis, “An Analysis of Some Failure Data,” Journal of the American Siatietical 
Aefodation, Vol. 47, 1953. 
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varies from a low of 225 hr to a maximum of 1690. Many factors mduding 
variations in raw materials, workmanship, function of automatic machinery, 
and, in fact, test conditions may account for these differences; some of these 
factors may be controlled carefully but some pattern of variation is inherent 
in all observational data. Perhaps no one would expect all light bulbs to have 
exactly the same Ufe, but even the results of the most carefully controlled 
experiments, such as those designed to measure the velocity of light, exhibit 
variation due to experimental error. Returning to the light bulbs, the data 


TABLE 13.1 ITEM LIFETIMES FOB INCANDESCENT LAMPS 


Date 

Item lifetimes 

Average 

of 

sample 

1-2-47 

1067 

919 

1196 

785 

1126 

936 

918 

1156 

920 

948 

997 

1-9-47 

855 

1092 

1162 

1170 

929 

950 

905 

972 

1035 

1045 

1012 

1-16-47 

1157 

1195 

1195 

1340 

1122 

938 

970 

1237 

956 

1102 

1121 

1-23-47 

* 1022 

978 

832 

1009 

1157 

1151 

1009 

765 

958 

902 

978 

1-30-47 

923 

1333 

811 

1217 

1085 

896 

958 

1311 

1037 

702 

1027 

2-6-47 

521 

933 

928 

1153 

946 

858 

1071 

1069 

830 

1063 

937 

2-13-47 

930 

807 

954 

1063 

1002 

909 

1077 

1021 

1062 

1157 

998 

2-20-47 

999 

932 

1035 

944 

1049 

940 

1122 

1115 

833 

1320 

1029 

2-27-47 

901 

1324 

818 

1250 

1203 

1078 

890 

1303 

1011 

1102 

1088 

3-6-47 

996 

780 

900 

1106 

704 

621 

854 

1178 

1138 

951 

923 

3-13-47 

1187 

1067 

1118 

1037 

958 

760 

1101 

949 

992 

966 

1014 

3-20-47 

824 

653 

980 

935 

878 

934 

910 

1058 

730 

980 

888 

3-27-47 

844 

814 

1103 

1000 

788 

1143 

935 

1069 

1170 

1067 

993 

4-3-47 

1037 

1151 

863 

990 

1035 

1112 

931 

970 

932 

904 

993 

4-10-47 

1026 

1147 

883 

867 

990 

1258 

1192 

922 

1150 

1091 

1053 

4-17-47 

1039 

1083 

1040 

1289 

699 

1083 

880 

1029 

658 

912 

971 

4-23-47 

1023 

984 

856 

924 

801 

1122 

1292 

1116 

880 

1173 

1017 

5-1-47 

1134 

932 

938 

1078 

1180 

1106 

1184 

954 

824 

529 

986 

5-8-47 

998 

996 

1133 

765 

775 

1105 

1081 

1171 

705 

1425 

1015 

5-15-47 

610 

916 

1001 

895 

709 

860 

1110 

1149 

972 

1002 

922 

5-22-47 

990 

1141 

1127 

1181 

856 

716 

1308 

943 

1272 

917 

1045 

5-29-47 

1069 

976 

1187 

1107 

1230 

836 

1034 

1248 

1061 

1550 

1130 

6-&.47 

1240 

932 

1165 

1303 

1085 

813 

1340 

1137 

773 

787 

1058 

6-12-47 

1438 

1009 

1002 

1061 

1277 

892 

900 

1384 

1148 


1123 

6-19-47 

1117 

1225 

1176 

709 

1485 

1225 

1011 

1028 

1227 

1277 

1148 

6-26-47 

1222 

912 

885 

1562 

1118 

1197 

976 

1080 

924 

1233 

nil 

7-3-47 

1135 

623 

983 

883 

1088 

1029 

1201 

898 

970 

1058 

987 

7-10-47 

1160 

831 

1023 

1354 

1218 

1121 

1172 

1169 

1113 

1308 

1147 

7-17-47 

1166 

1470 

1635 

1141 

1556 

1054 

1461 

1057 

1228 

1187 

1295 

8-7-47 

1016 

744 

1197 

1122 

666 

1022 

964 

1085 

612 

1003 

943 

8-14-47 

1235 

942 

1055 

893 

1235 

1056 

968 

1056 

1014 

1096 

1055 

8-21-47 

1013 

889 

1430 

926 

1297 

1033 

1024 

1103 

1385 


1122 

8-28-47 

1 1077 

813 

1121 

960 

1156 

1033 

1255 

225 

525 

675 

884 

9-4-47 

! 1211 

995 

924 

732 

935 

1173 

1024 

1254 

1014 


1029 

9-11-47 

798 

1080 

862 

1220 

1024 

1170 

1120 

898 

918 

1086 

1018 

ft-18-47 

i 1028 

1122 

872 

826 

1337 

965 

1297 

1096 

1068 

943 

1055 

9-25-47 

1490 

918 

609 

985 

1233 

985 

985 

1075 

1240 

985 

1051 

10-2-47 

1105 

1243 

1204 

1203 

1310 

1262 

1234 

1104 

1303 

1185 

1215 

10-9-47 

759 

1404 

944 

1343 

932 

1055 

1381 

816 

1067 

1252 

1095 

10-16-47 

1248 

1324 

1000 

984 

1220 

972 

1022 

956 

1093 

1358 

1118 

10-23-47 

1024 

1240 

1157 

1415 

1385 

824 

1690 

1302 

1233 

1331 

1260 

10-30-47 

1109 

827 

1209 

1202 

1229 

1079 

1176 

1173 

769 

905 

1068 

1 
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in Table 13.1 recorded serially do not present a clear picture of the nature 
of the variation, and it is more useful to present the data in a frequency 
table (Table 13.2), grouping adjacent observations into classes, which are 
usually called class intervals or cells. 

TABLE 13.2 FREQUENCY TABLE FOR LENGTH OF LIFE OF INCANDESCENT 



LAMPS 


Deviation from 
arbitrary origin 



Clou 


Mid-point of 

{1060) in 



interval 

Frequency 

doss interval 

close intervals 



{100 hr) 

(/) 

(m) 

{d) 

fd 

fd‘ 

200-299 

1 

250 

-8 

-8 

64 

300-399 

• • • 

350 

-7 

• • * 


400-499 

• • • 

450 

-6 

• • * 

* • • 

500-599 

3 

550 

-5 

-15 

75 

600-699 

10 

650 

-4 

-40 

160 

700-799 

21 

750 

-3 

-63 

189 

800-899 

43 

850 

-2 

-86 

172 

900-999 

91 

950 

-1 

-91 

91 

1000-1099 

87 

1050 

0 

0 

0 

1100-1199 

79, 

1150 

1 

79 

79 

1200-1299 

44 

1250 

2 

88 

176 

1300-1399 

24 

1350 

3 

72 

216 

1400-1499 

9 

1450 

4 

36 

144 

1500-1599 

3 

1550 

5 

15 

75 

1600-1699 

2 

1650 

6 

12 

72 

Totals 

417 



-1 

1513 

Calculations 






1. Raw data 

ff 





(a) Mean: 


- 1,045.37 




(b) Standard deviation: 

^ N- 1 N-1 

^ 470,808,333 - 190,027.118,241/417 ^ 3531535 
416 • ’ 

s = 190.57 
2. Grouped data 
(a) Mean: 

T.fd 

S in class intervals from arbitrary origin of 1050 

= - 0.002 

S in original units * arbitrary origin + (class interval) 
= 1050 - 0.002(100) = 1050 
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(b) Standard deviation: 

. . . . , iLfd^ - (IM'W 

» m elass interval units - -J —— — 

^FlplI=u, 

s in original units = s in class interval units (class interval) 

= 1.91 

The most common method of presenting graphically such data as Table 
13.1 is in terms of a histogram (Fig. 13.1), which consists of a number of 
columns with sides equal to the class interval boundaries and height propor¬ 
tional to the frequency. 

For comparative or summary purposes, it is often useful to describe an 
observed frequency distribution by one or two numbers; the most common 
method is to use the arithmetic mean, which is a measure of central tendency 
and the sample standard deviation, which is a measure of dispersion around 
the mean. The calculation of the mean and standard deviation from both the 
raw data and the grouped data are illustrated in Table 13.2.* For small 



200 400 600 800 1000 1200 MOO 1600 1800 
OPERATING TIME TO FAILURE (HOURS) 

FIG. 13.1 LIFE LENGTH HISTOGRAM FOR INCANDESCENT LAMPS. 


* TIhroughout this section terms such as Xi + xi + Zt + will be represented as 


S'- 


. When no confusion exists, this may instead be written as ^ x<. Terms such as 


*u + *ii+z» + ZM + Zii+**i+z» + *i4 + xii+xi» + XH+Xi 4 will be represented as 

S 4 


ss 
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numbers observataons, grouped data computations are not usuaUy ad¬ 
vantageous. 

1.3 TMEOBETICAL DISTRIBUTIONS 

In the preceding article we described the concept of variables and the 
pr^entation of a large volume of data in the form of a histogram. 
Many decisions from observed data are based on small samples that are as¬ 
sumed to be drawn at random from a larger source, a so-called parent universe 
or population. To make valid inferences on the basis of small samples it is 
necessary to make some as^mptions about the form of this population. 

It is worth while to introduce here an important notion about these models; 
the constants that characterize these populations are called parameters and 
should always be clearly distinguished from the quantities we calculate from 
the observations, i.e., statistics. Thus the statistic, the arithmetic mean of a 
sample, may differ from the parameter, the true mean value* of the popula¬ 
tion. 

1.3.1 Normal distribuHon. The most important distribution in statistics is 
the normal distribution. This distribution has a symmetric bell-shaped form 
and tends to infinity in both directions. One of the classical theorems of prob¬ 
ability states in essence that if observed quantities can be considered to be 
the result of large numbers of additive chance effects, the distribution of 
these quantities should be approximately normal. This theory, plus a mass of 
empirical evidence, indicates that the normal distribution may be assumed 
as the underlying population for a large number of industrial problems. 



* If /(x) reprints the equation for the probability distribution, the true mean or 

/ +• 

dx is a parameter. 
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The equation for normal curve is 

-yL- 

V^tr 

The area under the curve is 1. The curve is determined by the two parameters 
M, the population mean, and v, the population standard deviation.^ 

The normal curve in standard form has area equal to 1, but it is sometimes 
desirable to construct a normal distribution which has the same area as a 
histogram. In this case, we write the equation 

where iST is the total number of observations and w is the width of the class 
interval. 

Areas of the normal distribution may be found in Table ,13.3. 

Most of the techniques of analysis presented in the remaining articles de¬ 
pend on the distribution of statistics based on random samples from a normal 
distribution. The sample mean has a normal distribution; in fact, for large 
samples the distribution of the sample mean from any distribution will be 
approximately normal. Other distributions, the chi-square, the t distribution, 
and the F distribution, are the distributions of various functions of means 
and variances of samples from a normal distribution. The explicit forms of 
these distributions need not concern us. 

1.3.2 The binomial distribution. If we have a series of n independent trials 
and if at each trial p is the probability that the event will occur, the 
probability that r events occur in the n trials is {r)p^q''~', where 5 =• 1 — Pi 
and (r) is the number of combinations of n things taken r at a time. 

<*) = r!(n ”1 r)| n! = n(n - l)(n - 2)... (3) (2) (1) 

The most common application in industrial work is lot-by-lot acceptance 
inspection, where the lot is large compared with the sample size; p is the frac¬ 
tion defective in the lot, n is the size of a sample drawn at random from the 
lot, and r is the observed number of defectives. 

The observed number of defectives is some number from 0 to n, and hence 

r-O 




1: 







TABLE 13.3 AREAS UNDER THE NORMAL CURVE FROM Ka TO OP* 



Ka 

.00 

.01 

.02 

.03 

.04 

.05 

.06 

.07 

.08 

.09 

iiW 

.5000 

.4960 

.4920 

.4880 

.4840 


.4761 

.4721 

.4681 

.4641 


.4602 

.4562 

.4522 

.4483 

.4443 


.4364 

.4325 

.4286 

.4247 


.4207 

.4168 

.4129 

.4090 

.4052 

.4013 

.3974 

.3936 

.3897 

.3859 

■ikI 

.3821 

.3783 

.3745 

.3707 

.3669 

.3632 

.3594 

.3557 

.3520 

.3483 

0.4 

.3446 

.3409 

.3372 

.3336 

.33()0 

.3264 

.3228 

.3192 

.3156 

.3121 

0.5 

.3085 

.3050 

.3015 

.2981 

.2946 

.2912 

.2877 

.2843 

.2810 

.2776 

0.6 

.2743 

.2709 

.2676 

.2643 

.2611 

.2578 

.2546 

.2614 

.2483 

.2451 

0.7 

.2420 

.2389 

.2358 

.2327 

.2296 

.2266 

.2236 

.2206 

.2177 

.2148 

0.8 

.2119 

.2090 

.2061 

2033 

.2005 

.1977 

.1949 

.1922 

.1894 

.1867- 

0.9 

.1841 

.1814 

.1788 

.1762 

.1736 

.1711 

.1685 

.1660 

.1635 

.1611 

1.0 

.1587 

.1562 

.1539 

.1515 

.1492 

.1469 

.1446 

.1423 

.1401 

.1379 

1.1 

.1357 

.1335 

.1314 

.1292 

.1271 

.1251 

.1230 

.1210 

.1190 

.1170 

1.2 

.1151 

.1131 

ail2 

.1093 

.1075 

.1056 

.1038 

.1020 

.1003 

.0985 

1.3 

.0968 

.0951 

.0934 

.0918 

.0901 

.0883 

.0869 

.0853 

.0838 

.0823 

1.4 

.0808 

.0793 

.0778 

0764 

.0749 

.0735 

.0721 

.0708 

.0694 

.0681 

1.5 

.0668 

.0655 

.0643 

.0630 

.0618 

.0606 

.0594 

.0582 

.0571 

.0559 

1.6 

.0548 

.0537 

.0526 

.0516 

.0505 

,0495 

.0485 

.0475 

.0465 

.0455 

1.7 

.0446 

.0436 

.0427 

.0418 

.0409 

.0401 

.0392 

.0384 

.0375 

.0367 

1.8 

.0359 

.0351 

.0344 

.0336 

.0329 

.0322 

.0314 

.0307 

.0301 

.0294 

1.9 

.0287 

.0281 

.0274 

.0268 

.0262 

.0256 

.0250 

.0244 

.0239 

.0233 

2.0 

.0228 

.0222 

.0217 

.0212 

.0207 

.0202 

.0197 

.0192 

.0188 

0183 

2.1 

.0179 

.0174 

.0170 

.0166 

.0162 

.0158 

.0154 

.0150 

.0146 

.0143 

2.2 

.0139 

.0136 

.0132 

.0129 

.0125 

.0122 

.0119 

.0116 

.0113 

.0110 

2.3 

.0107 

.0104 

.0102 

.00990 

.00964 

.00939 

.00914 

.00889 

.00866 

.00842 

2.4 

.00820 

.00798 

.00776 

.00755 

.00734 

.00714 

.00695 

.00676 

.00657 

.00639 

2.5 

.00621 

.00604 

.00587 

.00570 

.00554 

.00539 

.00523 

.00508 

.00494 

.00480 

2.6 

.00466 

.00453 

.00440 

.00427 

.00415 

.00402 

.00391 

.00379 

.00368 

.00357 

2.7 

.00347 

.00336 

.00326 

.00317 

.00307 

.00298 

.00289 

.00280 


.00264 

2.8 

,00256 

.00248 

.00240 

.002.33 

.00226 

.00219 

.00212 

.00205 

.00199 

.00193 

2.9 

.00187 

.00181 

.00175 

.00169 

.00164 

.00159 

.00154 

.00149 

.00144 

.00139 


Ka 

.0 

■1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

3 

.001.35 

.0*968 

.0*687 

.0*483 


.0*233 

.0*159 

Hm 

.0*723 

.0*481 

4 

.0‘317 

.0*207 


.0*854 


.0*340 



.0*793 

.0*479 

5 

.0*287 

.0‘170 


.0*579 


.0*190 



.0*332 

.0*182 

6 

.0»987 

.0*530 

.0*282 

.0*149 

.0‘*777 

.0“402 

.0**206 

IHi 

.0“523 

.0»260 


Reprinted by permiuion from Frederick E. Croxton, Elemtntatv Slatuliet mlh Applitationi in Mtdidmt 
(New York: Prentioe>UaU, lac., 19M), p. 323. 
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For example, suppose n « 18, p » 0.10. 

r Pvobability of r defectives 
0 0.150 

1 0.300 

2 0.284 

3 0.168 

4 0.070 

5 0.022 

6 0.005 

7 0.001 

8 0.000 


18 0.000 

The distribution function of the above binomial distribution function is 
plotted in Fig. 13.3. 


2. STATISTICAL QUALITY CONTROL: CONTROL CHARTS 
2.1 INTRODUCTION 

t 

In his book Statistical Quality Control, Eugene L. Grant* states: "Meas¬ 
ured quality of manufactured product is always subject to a certain 
amount of variation as a result of chance. Some stable ‘system of chance 
causes' is inherent in any particular scheme of production and inspection. 
Variation within this stable pattern is inevitable. The reasons for variation 



FIG. 13.3 DISTRIBUTION FUNCTION FOR THE BINOMIAL DISTRIBUTION WITH « = 

18 AND p = 0.10. 

* Statistical Quality Control, 2nd ed. (New York: McGraw-Hill Book Company Inc., 
1952), p. 3. 
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outside this stable pattern may be discovered and corrected. . . Hiese 
variations outside the stable pattern are known as assignable cames of quality 
variation. A process operating in the absence of any assignable causes of 
erratic fluctuations is said to be in statistical control. 

To the manufacturer, the primary purpose of the control chart is to provide 
a basis for action. The introduction of a control chart aids in determining the 
capabilities of the production process. Action is taken when these estimated 
capabilities are unsatisfactory in relation to the design specifications. Further¬ 
more, once the process capabilities have been determined, and are satisfactory, 
action is taken only when the control chart indicates that the process has 
fallen out of control, e.g., assignable causes of variation have entered. 


2.2 OBTAINING DATA FROM RATIONAL SUBGROUPS 

The essential feature of the control chart method is the drawing of 
inferences about the production process on the basis of samples drawn 
from the production line. The success of the technique depends upon grouping 
obserA’^ations under consideration into subgroups or samples, within which a 
stable system of chance causes is operating, and between which the variations 
may be due to assignable causes whose presence is suspected or considered 
possible. Order of production is one .of the more commonly used bases for 
obtaining rational subgroups. If items are coming from more than one source, 
the source may be a basis for rational subgrouping. 

The size of the subgroup or sample usually is not less than 4. In industry 
5 seems to be the most common.* It is preferable that all samples be of equal 
size. 


2.3 CONTROL CHARTS FOR VARIABLES: 5 CHARTS 

2.3.1 Statistical concepts. If observations on an item are normally distrib¬ 
uted, with mean x' and standard deviation ff', it is possible to find the 
probability that an observation will lie in an interval by referring to Table 
13.3. Furthermore, if we denote the variable by x, the probability that x will 
be within the interval x' ± Za' is 0.9973. In other words, if a plot such as 
that in Fig. 13.4 is made, on the average only 27 observations out of 10,000 
will be outside the above interval, if the population mean is x' and the pop¬ 
ulation standard deviation is (r'.f If the underlying population is normal with 
mean x' and standard deviation o-', the population of averages of subgroups 
of n drawn from the above population is also normal with mean x' and stand- 

* When characteristics are classified into two groups, those containing defects and those 
not containing defects, and no other measurement is recorded, the sample size is usually 
much larger. 

t The notation in the articles on quality control is that recommended by the American 
Society for Quality Control. In the remaining articles, the usual notation found in texts 
on industrial statistics will be used—i.e., n will represent the population mean, and v will 
represent the population standard deviation. 
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FIG. 13.4 PLOT OF INDIVIDUAL OBSERVATIONS. 


ard deviation =» a'/Vn. Denoting the n observations by xi, xt, ., Xn, the 
average of these n observations, x, is defined as 

_ _ a?! + a^2 4~ • • • + X n • 
n 

If instead of plotting individual values as in Fig. 13.4, averages of samples 
of n are plotted, it is expected that on the average only 27 in 10,000 values 
of these averages will fall outside the interval 

x' rt 3<ri = x' dz 

Vn 

The plot in Fig. 13,5 is referred to as a control chart for x. Here x' + Za'fy/n 
is referred to as the upper control limit (UCL) while x' — Za' is referred 
to as the lower control limit (LCL). 

In all the above discussion it was assumed that the underlying distribution 
is normal. Although in actual practice many distributions of observations are 
“nearly" normally distributed, many others do not resemble a normal dis¬ 
tribution at all. However, it can be shown that under fairly weak restrictions, 

FIG. 13.5 CONTROL CHART FOB X. 




2A 


Distribution 


5 1 100 - 

S 50 - 


3 .. 



0-24 


-12 0 12 
Averace (i) 


RECTANGULAR DISTRIBUTION 




Average(i) 

RIGHT TRIANGULAR DISTRIBUTION 

Reproduced by permisaion from W. A, Shcwhart, "Economic Control of Quality of 
Manufactured Procf^ct,"copyright 1931> D.Van Nosuand Co., Inc. Princeton N.J. 

FIG. 13.6 DISTRIBUTION OF THE SAMPLE AVERAGE 
FROM A RECTANGULAR UNIVERSE AND A 
RIGHT TRIANGULAR UNIVERSE. 


the average of samples of n tend toward normality as n gets large. This 
theorem is called the central limit theorem, and a proof can be found in most 
standard texts in mathematical statistics. 

From a practical point of view n need not be too large before the results 
of the theorem begin to apply. In Fig. 13.6, it is demonstrated that even when 
the underlying distribution is from a rectangular or a triangular distribution, 
the distribution of x values from samples of 4 is approximately normal. 

It is evident, then, that the central limit theorem is one of the keys to the 
success of the control chart for x. No matter what the underlying distribution 
may be (there are certain weak conditions that must be satisfied), the above 
theorem states that the theory about the properties of the normal distribution 
is applicable, provided, of course, sample averages are considered as the vari¬ 
able plotted on the control chart. 

2.3.2 Estimates of x'. In Fig. 13.5, a control chart for x is shown, where the 
control limits are drawn in as functions of x' and a'. In most practical applica¬ 
tions x' and a' are not known, and consequently estimates of these parameters 
must be obtained. It is desirable that these estimates be based on at least 
25 subgroups of n observations. Naturally, the larger the number of sub¬ 
groups, the better the estimates of the population parameters, provided the 
process is in control. Suppose the estimates are based upon k subgroups of 
size n. Denoting the averages of the subgroups by xi, xa,, 5*, the best 

78S 
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estimate of the population mean, is 

I -- 

where £ is also the average of all the nk observations. 

2.3.3 Estimate of by 9. As was pointed out in the previous article, it is 
usually necessary to estimate a\ the population standard deviation. Define, 
for each subgroup: 

^ - XY + (gj - 4- . . . + {Xn - g)* 

3 , M — nS* 

* \ n 

Let d be the average of the standard deviations of the k subgroups, i.e., 

ffi + <T2 + ■. • + <r* 

-- k - 

TABLE 13.4 FACTORS FOB COMPUTING CONTROL CHART LINES* 


Chart for 
averages 


Chart for standard deviations 


Chart for ranges 


Number of 
observa¬ 
tions in 
sample, n 


Factors for 
control limits 


At At 




Factors for 
central line 


Factojrs for 
control limits 


Factors for 

central line Factors for control limits 


1/et Bi Bt Bt Bt dt \/dt dt Di Dt Dt | Dt 




0 2.004 

0.07&I 1.024 
1.864 
1.816 
1777 




26 1.575 
34| 1.566 
43 
52 
0.450 


Van 


•*i + -7= 
Van 


Rsproduoed by permission from ASTM Manual an Qualitil Control of Matorialo, AmerieaB Soeiety for 
TmtUiis Matwiali, PhSadidpkia. Pa.. 1951. 
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An estimate of o-' is then S/<h, where values of cj for diff^ent n can be found 
in Table 13.4. 

To summarize, the estimated central line for the control chart for IS is £, 
and the estimated control limits are f ± 3^/Vw c*. Values of 3/(Vn (5*) « At 


TABLE 13.5 FORMULAS FOR CENTRAL LINES AND CONTROL LIMITS 


Statistic 

Standards given 

Analysis of past data 

Central line 

Limits 

Central line 

Limits 

Average, using v' 


f' ± Av' 


I ± Ai9 

Average, using R 

— 

— 

f 

£ ± AtR 

Standard deviation 

Czfr' 


9 


Range 

dzf' 


R 

DtRt Dji 


can be found in Table 13.4 so that the estimated control limits can be written 
as f ± Aiff. * 

2.3.4 Estimate of or' by R. Define, as the range (R) of a subgroup of_n obser¬ 
vations, the difference between the largest and smallest value. Let R be the 
average of the ranges of the k subgroups, i.e., 

4- Kj + ... + f?* 

^ - k 

Another estimate of cr' is R/di. Values of dj for different values of n can be 
found in Table 13.4.’ _ 

In estimating the control limits for * with R as an estimate of or' the limits 
become f ± ^RJ^/n di. Values of 3/(Vn d^ = Az can be foun^in Table 13.4, 
so that the estimated control limits can be written as f ± A^R. 

It must be pointed out that although R is simpler to calculate than a, the 
estimate of o' based upon # is a better estimate in the sense that on the aver¬ 
age a/c 2 will lie nearer to a* than R/dz will. 

2.3.5 Starting a control chart for x. It has been pointed out that observations 
should be classified into rational subgroups, and each subgroup should con¬ 
tain at least 4 observations. The determination of the minimum number of 
subgroups is a compromise between obtaining the guidance of the control 
chart as quickly as possible, and the desire for the guidance to be reliable. 
Usually, at least 25 subgroups should be cnosen. 

With the data at hand, trial control limits can be calculated. Estimates (ff 

and <r' can be obtained in the manimr described previously. The trial control 
limits are then .f ± or f ± AzR, depending upon which estimate of cr' 
is chosen. If <r' and/or *' are known, the control limits should be calculated, 
using the known values, e.g., if both are known, x' ± 3<r'/'N/n. Values of 
3/Vn can be found in Table 13.4, so that the control limits can be written 
r ± A<r\ 


























7M 


INDUSTMAl STATISTICS 


[2JA 

Returning to the case where the parameters ^ and v* are unknown, and 
estimates have to be computed, some modifications may have to be made. 
Lack of control is usually indicated by points falling outside the limits. If 
all the points fall within the limits, the process is said to be in control. How¬ 
ever, there is no assurance that assignable causes of variation are not present, 
and that this is a constant cause system. It merely means that for practical 
purposes it pays to act as if no assignable causes of variation are present, 
although realizing that an error of judgment is quite possible. 

The trial control limits serve the purpose of determining whether past 
operations are in control. To continue using these limits as a basis for action 
on future production may require a revision of the trial limits, especially if a 
lack of control is exhibited by points falling outside the trial control limits. 
If the process is not in control, all the points do not come from a stable pop¬ 
ulation. However, it is evident that future control limits should be based 
upon data from a controlled process. As a practical rule, then, those points 
falling outside the trial control limits are eliminated, and new trial control 
limits are computed using the remaining points. This procedure may be con¬ 
tinued until all points fall within the control limits. There is no theoretical 
justification for this, other than the fact that those points falling outside the 
trial control limits are more likely to belong to another population, i.e,, may 
be due to some assignable cause. 

The control chart when used as a basis for action on future production 
may be set, using aimed-at values of x' and/or <r'. In this case, the control 
limits are modified by using the aimed-at values as if they were the known 
values in the computations. If this is done, and the control chart exhibits a 
lack of control in the future, the trouble may be that the process is not in 
control at the aimed-at values, but is in control at some other values. For 
example, suppose that an item is being produced at a level such that the 
mean W' is equal to 20. If the aimed-at value is x' = 25, the control chart 
based on x' = 25 will exhibit a lack of control. Suppose the mean can be 
shifted by a change in machine setting. The interpretation, then, is that there 
is an assignable cause present, namely, the machine setting, preventing the 
production process from operating at the aimed-at value. Yet, with the actual 
machine setting, the process is in control at x' = 20. The term “state of con¬ 
trol’’ may have to be interpreted in the above light. Aimed-at values of x' 
or cr’ are often used when they can be achieved by a simple adjustment of the 
machine. 

2.3.6 Relation between control limits and specification limits. After ascertaining 
at what level the process is in control by means of the control chart, it remains 
to determine whether or not the process can meet the specification limits set 
for the item. In Arts. 2.3.3 and 2.3.4, it w£8 shown that o-' can be estimated 
from c or R, i.e., estimate of it' = afct. or Rjdi. Furthermore, x' can be esti¬ 
mated from J. Consequently, it is known that if x’ and a' are really equal to 
the estimates, almost all the individual items will lie between x’ =b Sv', i.e., 
on the average 9973 out of 10,000. 

Specification limi ts are usually specified by giving an aimed-at value plus 
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an interval surrounding this value. These specification limits should not be 
interpreted as meaning that all the items produced will fall within these limits; 
but rather almost all. If the designer is pressed, he will admit to allowing, say 
1 in 1000, to fall outside. Once the number is ascertained, the corresponding 
probability limits can be obtained from the estimated x' and For exam¬ 
ple, suppose the designer specifies specification limits of 20 db 2, and he states 
that only 1 in 1000 should fall outside thrae limits. If the estimate of x' is 
20.40 and =» 1, from the normal tables it follows that on that average, 
999 out of 1000 items will fall between 

[x' - 3.29<r', r + 3.29<r'] = [17.11, 23.69] 

The specification limits allow only [18, 22]. Consequently, the above proc¬ 
ess cannot meet the specification limits, and either the process must be 
changed or the specifications revised. To summarize, the specification limits 
must first be properly interpreted. As a practical rule, they are often inter¬ 
preted to mean the allowance of 27 in 10,000 to fall outside. This corresponds 
to Z<r' limits. Then x' ± 3«r' * is calculated and compared with the specifica¬ 
tion limits. If the specifications fall outside the probability limits, either the 
process must be altered,*or the specifications revised. 

2.3.7 Interpretation of control charts for x. As long as the process is in con¬ 
trol, almost all the values of x will fall within the control limits. In this case, 
no action need be taken. A point falling outside these limits is a signal to 
hunt for trouble. In some instances, production may be stopped until a source 
of trouble has been discovered. Occasionally, approximately 27 in 10,000 times, 
an error will be made in that trouble will be sought even though nothing has 
gone wrong with the process. On the other hand, if something has gone wrong 
with the process, points will begin to fall outside the control limits. For ex¬ 
ample, a shift in the mean x' (a' remaining constant) will result in points 
falling outside the control limits. This is usually indicated by points falling 
above or below the limits (but never both), depending on whether the shift 
is in the positive or negative direction. On the other hand, an increase in <t' 
(x' remaining constant) will result in points falling above and below the con¬ 
trol limits. In addition to examining the process, when points fall outside the 
control limits, the control limits themselves should be re-examined, and 
perhaps brought up to date. 

It has been pointed out that an error may be committed when action is 
taken after a point falls outside the control limits. There is a small probability 
that a point will fall outside the control limits even though the process is in 
control, i.e., if Zas limits are used the probability is 0.0027. This probability 
of falling outside the control limits when the process is in control is known as 
the probability of committing an error of the first type or type 1 error. Similarly, 
if the process goes out of control, there is a probability greater than 0, that 
a point will fall within the control limits. This is known as the probability of 
an error of the second type or type B error. These two errors are related. A de¬ 
crease in one results in an increase in the other. An increase in one results in 


it Anuming the estimated values of t' and v' are equal to t* and v', respectively. 
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a decrease in the other. The use of Soj limits implies a probability of a type 1 
error of 0.0027. If the process jumps out of control, and the new lev^ is 
specihed, the probability of a type 2 error can be computed. If 2irs limits 
were used instead of 3<r|, the probability of a type 1 error is increased to 
about 0.0455, but the probability of a type 2 error is decreased. 

2.3.8 Example. Suppose x' is 25, and (r' = 1, and there are 4 observations 
in each subgroup. The control limits are then 25 ± f. The probability of a 
type 1 error is 0.0027. If the mean shifts to 27, the probability of a point 
falling inside the control limits of 25 ± | is 0.1587. On the other hand, if 
2ffj is used as control limits (25 ± 1) the probability of a type 1 error is in¬ 
creased to 0.0455, whereas the probability of committing a type 2 error is 
only 0.0228. 

It is evident that type 1 errors or type 2 errors (but not both) can be made 
as small as is desirable, at the expense of increasing the other type error. It 
is also evident that using 3<rj limits is conservative from the point of view of 
considering the type 1 error. A point falling outside the control limits is almost 
sure evidence that the process is no longer in control. On the other hand, one 
cannot be assured that a small shift has not taken place even if the points 
fall within the control limits. 


2.4 R CHABTS AND a CHABTS 

2.4.1 Statistical concepts. Although both R and a do not have normal 
distributions, both of these functions are chance variables, each having 
a distribution. Furthermore, the population mean (of these chance variables) 
plus and minus three standard deviations (of these variables) contain almost 
all of the underlying population. Consequently, for control chart purposes, 
it is necessary to calculate both the population mean value and standard 
deviation of these chance variables. 

The population average of <r is csa'. The standard deviation of v is 

a, =* [2(n — 1) — 

The control limits are then C 2 <r' ± 3or, which can be written 

a' ^c, ± [2(n - 1) - 

The factors 

- c, + [2(n - 1) - 2nci]»/» 

B. - c, - [2(n - 1) - 2n4]‘" 

V2n 

can be obtained from Table 13.4. Thus 

UCL, - ; LCL, - Bn/ 
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When <r' is unknown, it can be estimated from ^/Cj, so that the estimated 
control limits are written 




The factors 


^4 - 1 + 
Bi = 1 


V2n Ci 
3 


[2(n - 1) - 2nci]‘/» 
[2(n - 1) - 2nci]‘/* 


V2n Ci 

can be obtained from Table 13.4. The estimated control limits are then 


UCL, = Bid; LCL, = B^d 

Note that the center line is Cacr' if a' is known, and d if a' is unknown. 

The control limits for R are obtained in a similar manner. The population 
average of R is dia\ The standard deviation of R ia <tr = d^a'. The control 
limits are then d^o* So-r, which can be written a' (^2 * Sdg). The factors 

— do Sda j T)y — do — Sda 

can be obtained from Table 13.4. Thus 


UCLr = DW; LCLr = Dia' 

When a is unknown, it can be estimated from R/di so that the estimated 
control limits are written 


The factors 


R 



2)4 = 1+3 



Da = 1 - 3 


da 

di 


can be obtained from Table 13.4. The estimated control limits are then 


UCLr = DiR; LCLr = DJi 

The center line is dio' if a' is known, and R if <r' is unknown. 

2.4.2 Setting up o control chart for R or <r. The range of each subgroup should 
be obtained and R calculated from these values. The control limits are ob¬ 
tained from _ ' _ 

UCLr = DiR; LCLr = D^R 

If a ff chart is desired, similar calculations are made in accordance with the 
rules described above. If all the points fall inside the control limits, no modifi¬ 
cation is made unless it is desired to reduce the process dispersion. In this 
case, an aimed-at value of a' should be used in the calculations. When4he 
(or <r) chart indicates a possible lack of control by points falling outside the 
control limits, it is desirable to estimate the value of a' that might be attained 
if the dispersion were brought into control. A method of estimation is to 
eliminate those points out of control (only those above the UCLr if points 
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fall both above and below) and recompute the values of tiie control limits 
based only on the reonaining observations. If more points fall out of control, 
the procedure is carried out mce again. 

The final revised values of R, or v', whichever is used, may also be used 
to obtain new control limits for x. This has the effect of tightening the limits 
on the X chart, making them consistent with a a' that may be estimated from 
thfe revised R or 5. 

Control limits should be revised from time to time as additional data are 
accumulated. 


2.5 EXAMPLE OF S AND R CHABT 


The following are the z and R values for 20 subgroups of five readings. 
The specifications for this product characteristic are 0.4037 d= 0.0010. 
The values given are the last two figures of the dimension reading, i.e., 31.6 
should be 0.40316. 


group 


R 

Subgroup 

i 

R 

igroup 

2 

R 

1 

34.0 

4 

8 

32.6 

13 

15 

33.8 

7 

2 

31.6 

4 

9 

33.8 

19 

16 

31.6 

5 

3 

30.8 

2 

10 

37.8 

6 

17 

33.0 

5 

4 

33.0 

3 

11 

35.8 

4 

18 

28.2 

3 

5 

35.0 

5 

12 

38.4 

4 

19 

31.8 

9 

6 

32.2 

2 

13 

34.0 

14 

20 

35.6 

6 

7 

33.0 

5 

14 

35.0 

4 





L* - 671.0, f - 33.6; E H - 124. R - 6.20 


The trial control limits are computed from 

J ± UCLi = 37.2; UCLh = (2.115) (6.20) 

= 13.1 

f ± (0.577) (6.20); LCU = 30.0; LCLa = 0 

f ± 3.58 


The control charts for z and R with trial limits are shown in Fig. 13.7. Since 
some points fall outside the control limits, the process is assumed to be out 
of control. Eliminating these points, new control limits are computed. 

E z = 5660; f = 33.3 

Ef2*91; ^ = 5.06 

UCLt = 33.3 + (0.577) (5.06) = 33.3 + 2.92 = 36.2 

LCLt - 33.3 - (0.577) (5.06) - 33.3 - 2.92 = 30.4 

UCLr = (2.115)(5.06) - 10.7; LCL* - (2.115)(0) - 0 

• 

None Of the remaining points fall outside the limits. If it is now assumed dxat 
the process can be brought into control at this level we find z' «« 33.3 and 
« 2.175. The value of o' is obtained from 

di » R/o'; o' - R/dt - 5.06/2.326 ** 2.175 
rr - So' z' + So'] - [r - 6.525, W' + 6.525] - [26.8, 39.8] 





FIG. 13.7 CONTROL CHART FOR X AND R. 


In terms of the actual data, — = [0.4027, 0.4040]. The. 

specifications are 

[0.4037 - 0.0010, 0.4037 + 0.0010] = [0.4027, 0.4047] 

90 that this production process is able to meet these specifications even though 
the process is not centered at the nominal value of 0.4037 provided the process 

remains in control at the above level. 

m 
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2.6 CONTROL. CHART FOR FRACTION DEFECTIVE 

‘ 2.6.1 Relation between control charts based on variables data and charts 
based on attribute data. The x and R control charts are charts for vari¬ 
ables, i.e., for quality characteristics that can be measured and expressed in 
numbers. However, many quality characteristics can be observed only as at¬ 
tributes, i.e., by classifying the item into one of two classes, usually defective 
or nondefective. Furthermore, with the existing techniques, an x and R chart 
can be used for only one measurable characteristic at a time. For example, 
if an item consists of 10,000 measurable characteristics, each characteristic 
is a candidate for an x and R chart. However, it would be impossible to have 
10,000 such charts, and only the most important and troublesome would be 
charted. As an alternative to £ and R charts, and as a substitute when char¬ 
acteristics are measured only by attributes, a control chart based on the 
fraction defective can be used. This is known as a p chart. A p chart can be 
applied to quality characteristics that are actually observed as attributes 
even though they may have been measured as-variables. The cost of obtain¬ 
ing attribute data is usually less than that for obtaining variables data. The 
cost of computing and charting may also be less, since one p chart can apply 
to any number of characteristics. 

Basically, the p chart has the same objective as an x and R chart. It dis¬ 
closes the presence of assignable causes of variation, although it is not so 
sensitive as an x and R chart. 

2.6.2 Statistical theory. The statistical theory of the binomial distribution 
discussed in Art. 1.3 is applicable here. Let the probability of an item being 
defective be given by p\ so that the probability of obtaining exactly d defec¬ 
tives in a sample of n is (3)p''*(l — The probability of obtaining 

a defectives or less in a sample of n is 

- p')”-" = - p')’ + fflp'Ki - p')"-' 

dm.0 

+ . . . + a)p'“(l - P')"- 

Furthermore, the mean value of the total number of defectives in a sample 
of n is np', and the standard deviation is Vnp'(l — p'). 

If the fraction defective p is defined as the ratio of the number of defectives 
d to the total number of items in the sample n —i.e., dfn —the mean value 
of the fraction defective is p' and the standard deviation is Vp'(l — p')/n. 

As a working rule, the control limits for the fraction defective are defined as 

It is important to note that the probability of d/n falling within these limits 
d^nds on the value of p', even if the process is in control.* However, almost 


* This is quite different from the X chart, where the probability of X falling between 
f' ± ^/Vn ie 0.^73 for any values of X' and v' provided the process is in control. 
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all the d/n will fall witixin the above limits provided the process is in control. 
Furthermore, the above limits result in a simple empirical rule and for large n, 
result in an accurate approximation. 

If p' is not known, it is usually estimated from past data. The rules are 
similar to those used in estimating the parameters for the charts. The 
estimate in this case is dr/nr where dr is the total number of defectives found 
in the past data of size nr. 

It often happens in control charts for fraction defective that the size of 
the subgroup varies. In this case, three possible solutions to the problem are 
as follows: (1) Compute control limits for every subgroup and show these 
fluctuating limits on the p chart. (2) Estimate the average subgroup size, 
and compute one set of limits for this average and draw them on the control 
chart. This method is approximate and is appropriate only when the subgroup 
sizes are not too variable. Points near the limits may have totoe re-examined 
in accordance with (1). (3) Draw several sets of control limits on the chart 
corresponding to different subgroup sizes. This method is also approximate 
and is actually a cross between (1) and (2). Again, points falling near the 
limits should be re-examined in accordance with (1). 

2.6.3 Starting the cohtrol chart. The subgroup size is usually large compared 
with that used for x and R charts. The main reason for this is that if p' is 
very small, and n is small, the expected number of defectives in a subgroup 
will be very close to 0. 

For each subgroup compute p, where 


_ number of defectives in the subgroup 
^ ~ number inspected in the subgroup 

Whenever practicable, no fewer than 25 subgroups should be used to com¬ 
pute trial control limits. These limits are computed from the data by finding 
the average fraction defective p, whore 


t otal number of defectives during period 
total number inspected during period 


and substituting in the relations 

Vn Vn 

Inferences about the existence of control or lack of control can be drawn in 
a manner similar to that described for the x and R chart. 

2.6.4 Continuing the p chart. The preliminary plot reveals two facts, namely, 
whether or not the process is in an apparent state of control, and the quality 
level. If the process appears to be in control, it may be in control at too high 
a level, i.e,, the estimate of p' is higher than can be tolerated. In thts case, 
the production process must be examined, and possible major changes made. 
On the other hand, the estimate of p' may indicate a good quality level even 
though the process may appear to be out of control. In this case assignable 
causes should be sought and eliminated. Of course, control limits can be 
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determined on the basis of an aimed-at value cd p', but an indicated lack of 
control must be interpreted with this in mind. 

At first glance, points falling below the lower control limit may appear 
to be desirable. However, this may be attributed to a poor estimate of p', 
although it may possibly indicate a change for the better in the quality level; 
and tracking down the assignable cause may enable an improvement to be 
made in the production process. In either case, points falling below the lower 
control limit call for a re-examination of the control chart or the production 
process or both. 

2.6.5 Example. A sample of 50 pieces is drawn from the production of the 
last two hours from a single spindle automatic screw machine and each item 
is checked by go and no-go gauges for several possible sources of defectives. 
The number of defective items found in 25 such successive samples were: 


Subgroup 

d 

P 

Subgroup 

d 

P 

Subgroup 

d 

p 

1 

1 

0.02 

9 

1 

0.02 

18 

0 

0.00 

2 

2 

.04 

10 

0 

.00 

19 

0 

.00 

3 

5 

.10 

11 

0 

.00 

20 

1 

.02 

4 

6 

.12 

12 

1 

.02 

21 

1 

.02 

5 

3 

.06 

13 

0 

.00 

« 22 

0 

.00 

6 

5 

.10 

14 

1 

.02 

23 

0 

.00 

7 

2 

.04 

15 

0 

.00 

24 

1 

.02 

8 

1 

.02 

16 

2 

.04 

25 

0 

.00 




17 

1 

.02 





UCL = 0.0272 + . 0.0963 

LCL = 0 

The control chart for p with trial limits is shown in Fig. 13.8. Many points 
fall outside the control limits, and it appears that an assignable cause of varia¬ 
tion was present when the first samples were taken that was not present when 


FIG. 13.8 CONTROL CHART FOR p. 
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the later samples were taken. Recomputing the control limits starting with 
the seventh sample we find 


P 

UCL 

LCL 


ii 

950 


= 0.0126 


nm^R I 3V(0.0126)(0.9874) 
-r 7 

0 


0.0599 


No points fall outside these limits and hence we use these as the control limits 
for future production. 


2.7 CONTROL CHARTS FOR DEFECTS 

2.7.1 DifFerence between a defect and a defective. An item is considered 
to be defective if it fails to conform to the specifications in any of the 
characteristics. Each characteristic that does not meet the specifications is a 
defect. An item is defective if it contains at least one defect. 

The c chart is a control chart for defects per unit. The unit considered may 
be a single item, a group of items, part of an item, etc. The unit is examined 
and the number of defects found is recorded on the c chart. If, for each unit, 
there are numerous opportunities for defects to occur, and if the probability 
of a defect occurring in a particular spot is small, the statistical theory for 
the c chart is based on the Poisson distribution. Some examples where c charts 
are applicable are in counting the number of defective rivets on an airplane 
wing, the number of imperfections in a piece of cloth, etc. 

2.7.2 Statistical theory. The probability of finding c defects in an item where 
the number of defects follows the Poisson law is c''e~‘Vc!, where c' is the average 
number of defects per unit, and the standard deviation is V?. 

As a working rule, control limits for the c chart are defined as 

UCL, - c' + 3v^; LCL, » c' - 3V? 

As in the case of the control chart for the fraction defective, these limits do 
not guarantee that a fixed percentage of the population will lie between them 
for all values of c' even if the process is in control, i.e., the probability of c 
falling between these limits depends on the value of c'. Howev'er, for practical 
purposes, it can be assumed that “almost all the values” will fall between 
the control limits provided the process is in control. 

If c' is not known, it is usually estimated from past data. The rules are 
similar to those used in estimating the parameters from the f charts. The 
estimate in this case is 5 = ct/Nt where ct is the total number of defects 
found in Nt units. 

2.7.3 Starting and continuing the control. The discussion on starting and con¬ 
tinuing the control chart for fraction defective given in Arts. 2.6.3 and 2.6.4 
is pertinent to the c chart. 

2.7.4 Example. The following table gives the number of missing rivets noted 



INDUSTRIAL STATISTICS 


7»S 


[2.7A 


at final iiu^ection on 25 airplanes. Read column downward and from left 
to right. 


8 

15 

23 

9 

10 

16 

8 

16 

9 

22 

14 

11 

9 

14 

7 

19 

21 

25 

11 

28 

11 

12 

15 

9 

9 

C = 

351 

25 

14.04 




UCLc = 14.04 + zVum = 25.26 
LCLc = 14.04 - 3V14.04 = 2.82 

The control chart for c with trial limits is shown in Fig. 13.9. However, the 
next to the last plane falls outside the control limits, and it would be best 
to base future calculations on a c which did not involve this airplane. 


FIG, 13.9 CONTROL CHART FOR C. 
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^ ^ = 13.46 

24 

UCLc = 13.46 + 3V13.46 = 24.47 
LCLc = 13.46 - 3V^3.46 = 2.45 

The fourteenth airplane now falls outside the control limits, so that c is 
again recomputed without the results for this plane. 

-f-.2.. 

UCU = 12.96 + 3V^12^96 = 23.76 
LCL, = 12.96 - 3 V 12.96 = 2.16 


3. SAMPLING INSPECTION 
3.1 INTRODUCTION 

Sampling inspection is of two kinds, namely, lot-by-lot sampling in¬ 
spection and continuous sampling inspection. In the former, items are 
formed into lots, a sample is drawn from the lot, and the lot is either accepted 
or rejected on the basis of the quality of the sample. This is most appropriate 
for acceptance inspection. In continuous sampling inspection, current inspec¬ 
tion results are used to determine whether sampling inspection or scu'eening 
inspection is to be used for the next articles to be inspected. Sampling plans 
are further classified depending on whether the quality characteristics are 
measured and expressed in numbers, i.e., variables inspection; or whether 
articles are classified only as defective or nondefective, i.e., attributes in¬ 
spection. 

An alternative to sampling inspection is to screen every item. The cost of 
such a scheme i.s prohibitive, with perfect quality rarely achieved. Still an¬ 
other advantage of sampling inspection schemes—if properly designed—is 
that they cieate more effective pressure for quality improvement, and there¬ 
fore result in the submission of bettor quality product for inspection. 

Although the above factors were recognized somewhat prior to World 
War II, and a few sampling inspection schemes were then in use, it wasn’t 
until the outbreak of hostilities that modern sampling inspection received 
its impetus. Good sampling plans replaced bad ones, sometimes at the expense 
of an increase in the total amount of inspection but almost always resulting 
indirectly in better quality being produced. 

Any lot-by-lot sampling plan has as its primary purpose the acceptance of 
good lots and the rejection of bad lots. It is important to define what is^eant 
by a good lot. Naturally, the consumer would like all of his accepted lots 
to be free of defectives. On the other hand, the manufacturer will usually 
consider this to be an unreasonable request since some defectives are bound 
to appear in the manufacturing process. If the manufacturer screens the lot 
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a few times he may get rid of all the defectives, but at the prohibitive cost 
of screening. This cost will naturally be reflected in his price to the con¬ 
sumer. Ordinarily, the consumer can really tolerate some defectives in his 
lot, provided the number is not too large. Consequently, the manufacturer 
and the consumer get together and agree on what constitutes good quality. 
If lots are submitted at this quality or better, the lot should be accepted, 
otherwise, rejected. Again this is an imposing task and can be accomplished 
only at the expense of screening. It is at this point that sampling inspection, 
with its corresponding advantage of reduced inspection costs, can be insti¬ 
tuted. This advantage should not be minimized. Few manufacturers or con¬ 
sumers, whichever has to bear the cost of inspection, can stay in business 
very long if all lots are screened. 


3.2 DRAWING THE SAMPLE 

A decision must be made on what shall constitute a lot for acceptance 

purposes, for each lot must be identified. Each lot should represent, as 
nearly as possible, the output of one machine or process during one interval 
of time, so that all parts or products in the lot have been turned out under 
essentially the same conditions. Wherever practicable, parts from different 
sources or different conditions should not be mixed into one lot. The power 
of the sampling plans to distinguish between good and bad lots is dependent 
on the variation from lot to lot, and provision should be made to maintain 
the identity of, and prevent the mixing of, the different lots. 

A sample from each lot supplies the information on which the decision to 
accept or i^eject the lot is based. Therefore it is essential that the sample be 
drawn from each lot in a random manner. A sample is random if every piece 
in the lot has an equal chance of being selected. This may be accomplished 
by using a table of random numbers, a deck of cards, or some such chance 
method, to insure the equal chance for each piece. Human attempts to 
randomize a sample without such aids often result in biased samples. 


3.3 LOT-BY-LOT SAMPLING INSPECTION BY ATTRIBUTES: SINGLE SAMPLING 

A single sampling procedure can be chamcterized by the following: 

One sample of n items is drawn from a lot of N items; the lot is accepted 
if the number of def«;tives d in the sample does not exceed c. Here c is re¬ 
ferred to as the acceptance number. 

Certain risks must be taken if sampling inspection is to be used. A graph 
of these risks plotted as a function of the incoming lot quality (p') is known 
as an operating characteristic (OC) curve. 

If quality is good, it is desirable to have the probability of acceptance 
hi^. On the other hand, if quality is bad, it is desirable to have the prob¬ 
ability of acceptance small. Note that if p' is 0, the lot contains no defectives 
and hence the lot will always be accepted, i.e., L(pO = 1. If p' is 1 the entire 
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FIG. 13.10 OPERATING CHARACTERISTIC CURVE.. 

lot is defective and hence the sample will always contain all defectives so 
that the lot will always be rejected, i.e., L(pO =» 0. 

Assume that a quality standard pg is established and that all lots better 
than this standard are considered to be “good” and all lots worse are consid¬ 
ered to be “bad.” An “ideal” OC curve would then be of the form shown in 
Fig. 13.11, with all good lots accepted and all bad ones rejected. Obviously, 
no sampling plan cai^have such a curve. The degree of approximation to the 
ideal curve depends on n and c. 

If c is held constant, and n is increased, the slope becomes steeper. On the 
other hand, holding n constant and changing the acceptance number has the 
effect of shifting the OC curve to the left or right. 

If the lot size N is large compared with the sample size n, the OC curve 
is essentially independent of the lot size. In other words, if the OC curve of 
a sampling plan defined by a sample of size n, a lot of size N, and an accept¬ 
ance number of c is compared with the OC curve of a sampling plan defined 
by a sample of size n, a lot of size NxiNi > N), and an acceptance number 
of c, the difference is negligible, if the sample size is small compared with the 
lot size. Since this is the situation in most industrial applications, we will 
make this assumption throughout the rest of this section. As a result, a single 
sampling plan will now be defined by only two numbers, the sample size n 
and acceptance number c.* 

FIG. 13.11 IDEAL OPERATING CHARACTERISTICS CURVE. 



^ From a mathematical viewpoint, this implies that the binomial distribution can be 
used as an approximation to th6 hypergeometric distribution. 
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FIG. 13.12 EFFECT ON OC OF VARING n. 

The single sampling procedure can be viewed from another side. By draw¬ 
ing a sample of n, and looking at the number of defectives d present, the 
consumer is essentially estimating the percentage defective, i.e., p = d/n is 
an cstiniiUe of the incoming quality p'. A lot is rejected if this estimate is too 
high, i.e., if p > c/n = p*. Therefore, a procedure which says to reject a lot 
if the number of defectives d is greater than c in a sample of size n is equiv¬ 
alent t.o rejecting a lot if the estimated (percentage defective, d/n — p, is 
great('r than c/n = p*. This viewpoint will be useful later in the discussion 
of sampling inspection by variables. 

3.3.1 Choosing a sampling plan. The. consumer has at his disposal the choice 
of one (if many OC curves. The one chosen should reflect his views as to the 
cost of making wrong decisions. By varying n and c, he can always find an 
OC curve which will pass througli two preassigned points. In other words, 
by specifying the points [pi, L(pl)] and [p 2 , L(pO], an n and a c can be found 
such that the OC curve passes through these two points. Before using sampling 
inspection, then, the consumer can locate two points pi and p 2 such that if 
quality is submitted better than pi, he will accept the lot with probability 
greater than L(pl) = 1 — a; and if quality is submitted worse than pi he will 
accept the lot with probability less than L(pl) = /3. Here a is known as the 
producer’s risk and /3 is known as the consumer’s risk. The long-run average 
of submitted quality is known as the process average. 

3.3.2 Calculation of OC curves for single sampling plans. It was pointed out 
previously that a sampling plan is defined by two numbers: n, the sample 

FIG. 13.13 EFFECT ON OC OF VARYING C. 




TABLE 13.6 BtJMMATIOE OF TERMS OF POISSON’s EXPONENTIAL BINOMIAL 
LIMIT* 

1,000 X probalnlity of c or lesa occurreneea of event that has average number of occur* 
remees equal to ef oi nj/ 



^ Reprinted by permission from E* L* Grant, QualUy Control^ 2nd ed. (New York. AIcGraw- 

Hill Borne Company, Inc., 1952). 

















TABLE 13.6 SUMMATION OF TEBM8 OF POIBSON’s IQCPONENTIAL BINOMIAL 
LIMIT (Contintted) 


e' or np' 

0 

■ 

2 

3 

D 

5 

6 

P 

8 

9 

2.2 

111 

355 


819 

928 

975 

993 

998 

1,000 


2.4 

091 

308 


779 

904 

964 

988 

997 

999 


2.6 

074 

267 


736 

877 

951 

983 j 

995 

999 

1,000 

2.8 

061 

231 

469 

692 

848 

935 

976 

992 

998 

999 

3.0 

050 

199 

423 

647 

815 

916 

966 1 

988 { 

996 

999 

3.2 

041 

171 

380 

603 

781 

895 

955 

983 

994 

998 

3.4 

033 

147 

340 

558 

744 

871 

942 

977 

992 

997 

3.6 

027 

126 

303 

515 

706 

844 

927 

969 

988 

996 

3.8 i 

022 

107 

269 

473 

668 

816 

909 

1 960 

984 

994 

4.0 

018 

092 

238 

433 

629 

785 

889 

949 

979 

992 

4.2 

015 

078 

210 

395 

590 

753 

867 

936 

972 

989 

4.4 

012 

066 

185 

359 

551 

720 

844 

921 

964 

985 

4.6 

010 

056 

163 

326 

513 

686 

818 

905 

955 

980 

4.8 

008 

048 

143 

294 

476 

651 

791 

887 

944 

975 

5.0 

007 

040 

125 

265 

440 

616 

762 

867 

932 

968 

5.2 

006 

034 

109 

238 

406 

581 

732 

845 

918 

960 

5.4 

005 

029 

095 

213 

373 

546 

702 

822 

903 

951 

5.6 

004 

024 

082 

191 

342 

512 

670 

797 

886 

941 

5.8 

003 

021 

072 

170 

313 

478 

638 

771 

867 

929 

6.0 

002 

017 

062 

151 

285 

446 

606 

744 

847 

916 


10 

11 

12 

13 

14 

15 

16 




2.8 

1,000 










3.0 

1,000 










3.2 

1,000 










3.4 

999 

1,000 









3.6 

999 

1,000 









3.8 

998 

999 

1,000 








4.0 

997 

999 

1,000 








4.2 

996 

999 

1,000 








4.4 

994 

998 

999 

1,000 







4.6 

992 

997 

999 

1,000 







4.8 

990 

996 

999 

1,000 







5.0 

986 

995 

998 

999 

1,000 






6.2 

982 

993 

997 

999 

1,000 






5.4 

977 

990 

996 

999 

1,000 






5.6 

972 

988 

995 

998 

999 

1,000 





5.8 

965 

984 

993 

997 

999 

1,000 





6.0 

957 

980 

991 

996 

999 

999 

1,000 



























TABLE 13.6 StJMMATION OF TERMS OF POISSON’s EXPONENTIAL BINOMIAL 
LIMIT (Continued) 



0 

■ 

2 

3 

ID 

5 

6 

D 

8 

9 

6.2 

002 

015 

054 

134 

259 

414 

574 

716 

826 


6.4 

002 

012 

046 

119 

235 

384 

542 

687 

803 

886 

6.6 

001 

010 

040 

105 

213 

355 

511 

658 

780 

860 

6.8 

001 

009 

034 

093 

192 

327 

480 

628 

755 

850 

7.0 

001 

007 

030 

082 

173 

301 

450 

599 

729 

830 

7.2 

001 

006 

025 

072 

156 

276 

420 

569 

703 

810 

7.4 

001 

005 

022 

063 

140 

253 

392 

539 

676 

788 

7.6 

001 

004 

019 

055 

125 

231 

365 

510 

648 

765 

7.8 

000 

004 

016 

048 

112 

210 

338 

481 

620 

741 

8.0 

000 

003 

014 

042 

100 

191 

313 

453 

593 

717 

8.5 

000 

002 

009 

030 

074 

150 

256 

386 

523 

653 

9.0 

000 

001 

006 

021 

055 

116 

207 

324 

! 456 

587 

9.5 

000 

001 

004 

015 

040 

089 

105 

269 

392 

.522 

10.0 

000 

000 

003 

010 

029 

007 

130 

220 

333 

458 


10 

U 

12 

13 

14 

15 

16 

17 

18 

19 

6.2 

949 

975 

989 

995 

998 

999 

1,000 




6.4 

939 

969 

986 

994 

997 

999 

1,000 




6.6 

927 

963 

982 

992 

997 

999 

999 

1,000 



6.8 

915 

955 

978 

990 

996 

998 

999 

1,000 



7.0 

901 

947 

973 

987 

994 

998 

999 

1,000 



7.2 

887 

937 

967 

984 

993 

997 

999 

999 

1,000 


7.4 

871 

926 

961 

980 

991 

996 

998 

999 

1,000 


7.6 

854 

915 

954 

976 

989 

995 

998 

999 

1,000 


7.8 

835 

902 

945 

971 

986 

993 

997 

999 

1,000 


8.0 

816 

888 

936 

966 

983 

992 

996 

998 

999 

1,000 

8.5 

763 

849 

909 

949 

973 

986 

993 

997 

999 

999 

9.0 

706 

803 

876 

926 

959 

978 

989 

995 

998 

999 

9.5 

64.5 

752 

836 

898 

940 

967 

982 

991 

996 

998 

10.0 

583 

697 

792 

864 

917 

951 

973 

986 

993 

997 


20 

21 

22 








8.5 

1,000 










9.0 

1,000 










9.5 

999 

1,000 









10.0 

998 

1 

999 

1 

1,000 









SOS 





























TABLE 13.6 ^MMATION OF TERMS OF POISSON’b EXPONENTIAL BINOMIAL 
UMiT {Continued) 


or np' 

0 

■ 

2 

3 

4 

5 

6 

■ 

8 

9 

10.5 

000 

000 

002 


021 


102 

179 

279 

397 

11.0 

000 

000 

001 


015 

038 

079 

143 

232 

341 

11.5 

000 

000 

001 

■a 

Oil 

028 

060 

114 

191 

289 

12.0 

000 

000 

001 

002 

008 

020 

046 

090 

155 

242 

12.5 

000 

000 

000 

002 

005 

015 

035 

070 

125 

201 

13.0 

000 

000 

000 

001 

004 

oil 

026 

054 

100 

166 

13.5 

000 

000 

000 

001 

003 

008 

019 

041 

079 

135 

14.0 

000 

000 ! 

000 

000 

002 

006 

014 


062 

109 

14.5 

000 

000 

000 

000 

001 

004 

010 I 

024 

048 

088 

15.0 

000 

000 

000 

000 

001 

003 

008 

018 

037 

070 

> 

10 

11 

12 

13 

14 

! 15 

1 

16 

17 

18 

19 

10.5 

521 i 

639 

742 

825 

888 

932 

960 

978 

988 

994 

11.0 

460 1 

579 

689 

781 

854 

907 

944 

968 

982 

991 

11.5 


520 

633 

733 

815 

878 

924 

954 

974 

986 

12.0 


462 

576 

682 

772 

844 

P99 

937 

963 

979 

12.5 


406 

519 

628 

725 

806 

869 

916 

948 

969 

13.0 

252 

353 

463 

573 

675 

764 

835 

890 

930 

957 

13.5 

211 

.304 

409 

518 

623 

718 

798 

861 

908 

942 

14.0 

176 

260 

358 

464 

570 

669 

756 

827 

883 

923 

14.5 

145 

220 

311 

413 

518 

619 

711 

790 

853 

901 

15.0 

118 

185 

268 

363 

466 

.568 

664 

749 

819 

875 


20 

2l 

22 

23 

24 

25 

26 

27 

28 

29 

10.5 

997 

999 

999 

1,000 







11.0 

995 

998 

999 

1,000 







11.5 

992 

996 

998 

999 

1,000 







988 

994 

997 

999 

999 

1,000 





12.5 

983 

991 

995 

998 

999 

999 

1,000 




13.0 

975 

986 

992 

996 

998 

999 

1,000 




13.5 

965 

980 

989 

994 

997 

998 

999 

1,000 



14.0 

952 

971 

983 

991 

995 

997 

999 

999 

1,000 


14.5 

936 

960 

976 

986 

992 

996 

998 

999 

999 

1,000 

15.0 

917 

947 

967 

981 

989 

994 

997 

998 

999 

1,000 


006 


















































TABLE 13.6 SUMMATION OF TEEMS OF POISSON's EXPONENTIAL BINOMIAL 
LIMIT {Continued) 


c 

& or np' 

4 

5 

6 

7 

8 

9 

10 

R 

12 

13 

16 

000 

001 

004 


022 

043 

WSi 

127 


275 

17 

000 

001 

002 


013 

026 

mSm 

085 


201 

18 

000 

000 

001 

003 

007 

015 


055 


143 

19 

000 

000 

001 

002 

004 

009 

wm 

035 

061 

098 

20 

000 

000 

000 

001 

002 

005 

oil 

021 

039 

066 

21 

000 

000 

000 

000 

001 

003 

006 

bl3 

025 

043 

22 

000 

000 

000 

000 

001 

002 

004 

008 

015 

028 

23 

000 

000 

000 

000 

000 

001 

002 

004 

009 

017 

24 

000 

000 

000 

000 

000 

000 

001 

003 

005 

on 

25 

000 

000 

000 

000 

000 

000 

001 

001 

003 

006 


14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

16 

368 

467 

566 

659 

742 

812 

868 

911 

942 

963 

17 

281 

371 

468 

564 

655 

736 

805 

861 

905 

937 

18 

208 

287 

375 

469 

562 

651 

731 

799 

855 

899 

19 

150 

215 

292 

378 

469 

561 

647 

725 

793 

849 

20 

105 

• 157 

221 

297 

381 

470 

559 

644 

721 

787 

21 

072 

111 

163 

227 

302 

384 

471 

558 

640 

716 

22 

048 

077 

117 

169 

232 

306 

387 

472 

556 

637 

23 

031 

052 

082 

123 

175 

238 

310 

389 

472 

555 

24 

020 

034 

056 

087 

128 

180 

243 

314 

392 

473 

25 

012 

022 

038 

060 

092 

134 

185 

247 

318 

394 


24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

16 

978 

987 

993 

996 

998 

999 

999 

1,000 



17 

959 

975 

985 

991 

995 

997 

999 

999 

1,000 


18 

932 

955 

972 

983 

990 

994 

997 

998 

999 

1,000 

19 

893 

927 

951 

969 

980 

988 

993 

996 

998 

999 

20 

843 

888 

922 

948 

966 

978 

987 

992 

995 

997 

21 

782 

838 

883 

917 

944 

963 

976 

985 

991 

994 

22 

712 

777 

832 

877 

913 

940 

959 

973 

983 

989 

23 

635 

708 

. 772 

827 

873 

908 

936 

956 

971 

981 

24 

554 

632 

704 

768 

823 

868 

904 

932 

953 

969 

25 

473 

553 

629 

700 

763 

818 

863 

900 

929 

950 


34 

35 

36 

37. 

38 

39 

40 

41 

42 

43 

19 

999 

1,000 









20 

999 

999 

1,000 








21 

997 

998 

999 

999 

1,000 






22 

994 

996 

998 

999 

999 

1,000 





23 

988 

993 

996 

997 

999 

999 

1,000 




24 

979 

987 

992 

995 

997 


999 

999 

1,000 


25 

966 

978 

985 

991 

994 

997 

998 

999 

999 

1,000 


807 





































































INDUSTRIAL STATISTICS 


tM 




size and c, the acc^tance number. Thus the sampling procedure is to accept 
a lot if the number of defectives d in a sample of n does not exceed c. The 
OC curve is defined by this procedure. If lot quality is submitted at p' per¬ 
cent defective, the probability of accepting the lot is 


L<p') - E (!)(p')'(I - P')-' 
d-O 

= (1 - p')“ + a)(p')(i ~ po-^ + a)(po*(i - p')--* 

+ ... + ("c) (P')® 

* n* 

where (3) = defined to be equal to 1. 

Such calculations as the above are often cumbersome, and an approxima¬ 
tion is desirable. Approximate answers may be obtained very rapidly by the 
use of the Poisson distribution, which is tabulated in Table 13.6.♦ The larger 
the n and smaller the p, the closer the approximate answer is to the true 
probability. 

3.3.3 Example. What is the probability of accepting a lot whose incoming 
quality is 4.0% defective, using a sample of size 30 and an acceptance number 
c = 1? 

1 

L(0.04) = (3‘')(0.04)<'(0.96)«‘^'' 


d~0 


= (0.96)’° + 


i301L 


,0.04(0.96)2» = 0.661 


(29)!(1)! 

Using the Poisson approximation, 

np' = 30 X 0.04 = 1.20; c = 1; L(0.04) = 0.663 

which, in this case, is in good agreement with the correct value. 


3.4 DOUBLE SAMPLING PLANS 

A double sampling procedure can be characterized by the following: 
a sample of Ui items are drawn from a lot; the lot is accepted if there 
are no more than Ci defective items. If there are between Ci + 1 and 02 defec¬ 
tive items, a second sample of size Ui is drawn; the lot is accepted if there 
are no more than C 2 defectives in the combined sample of ni + W 2 ; the lot is 
rejected if there are more than Cj defective items m the combined sample of 

Til -}“ fit. 

Thus a lot will be accepted on the first sample if the incoming quality is 
very good. Similarly, a lot will be rejected on the first sample if the incoming 
quality is very bad. If the lot is of intermediate quality, a second sample may 
have ter be taken. Double sampling plans have the psychological advantage 
of giving a second chance to doubtful lots. Furthermore, they can have the 
additional advantage of requiring fewer total inspections, on the average, 

* Here is approximately the value read out of Table 1.3.6 with entries c and np'. 
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ihan single sampling plans for any given quality protection. On the other 
side of the ledger, double sampling plans can have the following disadvan¬ 
tages: (1) more complex administrative duties; (2) inspectors will have vari¬ 
able inspection loads depending upon whether one or two samples are taken; 
(3) the maximum amount of inspection exceeds that for single sampling plans 
(which is constant). 

3.4.1 OC curves for double sampling plans. A lot will be accepted if and only 
if (1) the number of defectives di in the first sample of ni does not exceed C\, 
i.e., di < Ci; (2) there are more than ci defectives in the first sample but 
no more than c? defectives, the total number of defectives di -f- d*, in the 
combined sample of ni -1- na does not exceed ca, i.e., if C\ < dx < Cz, then 

di di ^ Ci. 

Thus for any incoming quality the probability of accepting the lot is 
Lip') = Pr idi < Cl, given p') 

-b Pr {dx + di <C 2 , given Cx < dx < Ci',p') 

= Pr idi < Clip') + Pf (di + d 2 < cajci < dx < Czyp') 

where the symbol | r^ads “given” and Pr (dx < c\p') reads “the probability 
that d is less than or equal to c, given p',” 

hp ') = E (sxpr'Ci - p')"'-* 

di “0 

+ E E a)(p')*(i - p')"--* 

+ l d3»0 

(3;)(p0*(i - p')"‘-* 

- E (»(p')'''(i - p')"-* 

di-O 

+ E [(3:)(p')*(i - p')”-“ 

di “« +1 

E'(2.‘)(p')''’( 1 - P')"‘-*l 

3.4.2 Example. A large lot of |-inch screws is submitted for sampling in- 
sp>ection by means of double sampling. If the first sample of 20 contains no 
defectives, the lot is to be accepted. If it contains more than two defectives, 
the lot is to be rejected. Otherwise, a second sample of 40 is to be drawn, 
and the lot is to be accepted if the total number of defectives in both samples 
does not exceed two. This plan can be characterized by the following table. 




Combined samples 


Sample 

Sample size 

Size 

Acceptance 

number 

Rejection 

number 

First 

20 

20 

0 

3 

Second 

40 

60 

2 

3 
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Find the probability of accepting the lot if p' *= 5%, 

0 

(1) (SDCpO^d - p')**'-* = (1 - pT “ (0.95)*“ = 0.358 

ai.“0 

(2) (jocp-xi - p')"-‘ x; (s)(p')*(i - p')—* 

dj-0 

“ (!')(p')(i - p')”'-‘[(i - p')“' + (r)(p')(i - p')“-‘] 

= (!")0.0S(0.95)'»[(0.95)" + (t")0.05(0.95)”] 

= 0.377[0.129 + 0.270] = 0.150 

(3) (?)(p')'(l - P')"'-’' E - P')"'* 

dj = 0 

= (S')(p')'(l - p')"‘-2(l - P')”* 

= (f)(0.05)*(0.95)‘H0.95)« = 0.189 X 0.129 = 0.02438 

L(p') = 0.532 

Using the Poisson approximation we have 

(1) 0.368 

(2) * (0.736 - 0.368)(0.406) = 0.368 X 0.406 = 0.149 

(3) ^ (0.920 - 0.736) (0.135) = 0.184 X 0.135 = 0.025 

Lip') = 0.542 


3.5 MULTIPLE SAMPLING PLANS 

A. multiple sjimpling procedure can be represented on a table such as 
the following: 

TABLE 13.7 MULTIPLE SAMPLING PLAN 


Sample 

Sample 

size 

Combined samples 

Size 

Acceptance 

number 

Rejection 

number 

First 

n, 

ni 

Cl 

n 

Second 

n2 

fii + nt 

c* 

ri 

Third 

ni 

rii + 71* + ns 

Cs 

U 

Fourth 

ni 

ni -j- 71* 4* Wj d- Tis 

c* 

U 

Fifth 

Tla 

til + n* + n* + n* + 7i» 

Ct 

n 

Sixth 

nt 

ni + 71* + n* + n* + ns + n» 

Ce 

rt 

Seventh 

nj 

n» + n* + 71* + ns + nt + n» + 717 

c* 

c* + 1 


★ The Poisson table is set up to ^ ~ p')”"**. To get an individual 


term, say 


p'*(l — wo take 
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A first sample of ni is drawn, the lot is accepted if there are no more than 
Cl defectives, the lot is rejected if there are more than rt defectives. Other¬ 
wise a second sample of n* is drawn. The lot is accepted if there are no more 
than Ca defectives in the combined sample of ni + na. The lot is rejected if 
there are more than ri defectives in the combined sample of ni -f n*. The 
procedure is continued in accordance with the above table. If, by the end 
of the sixth sample, the lot is neither accepted or rejected, a sample of n? 
is drawn. The lot is accepted if the number of defectives in the combined 
sample of ni + ns + 113 + nt + Us + rie + riy does not exceed c?. Otherwise, 
the lot is rejected. Note that Ci < Ca < .. . < C7 and c, < Ti for all i. Of 
course, plans can be devised which permit any number of samples before 
a decision is reached. A multiple sampling plan will generally involve less 
inspection, on the average, than the corresponding single or double sampling 
plan guaranteeing the same protection. The advantage is quite important, 
since inspection costs are directly related to sample sizes. On the other hand, 
some of the disadvantages of multiple sampling plans are: (1) they usually 
require higher administrative costs than single or double sampling plans; 
(2) the variability of inspection load introduces difficulties in scheduling in¬ 
spection time; (3) htgher caliber inspection personnel may he necessary to 
guarantee proper use of the plans; (4) adequate storage facilities must be 
provided for the lot while multiple sampling is being carried on. 


3.6 CLASSIFICATION OF SAMPLING PLANS 

Published tables of sampling plans have been classified into four cat¬ 
egories, namely, by acceptable quality level (AQL), by lot tolerance 
per cent defective (LTPD), by point of control, and by average outgoing 
quality limit (AOQL). 

3.6.1 Classification by AQL. Acceptance procedures based on the acceptable 
quality level (AQL) generally make use of the process average to determine 
the sampling plan to be used. The AQL may be viewed as the highest per 
cent defective that is acceptable as a process average. In normal sampling, 
a lot at AQL quality will have a high probability of acceptance. The prob¬ 
ability of acceptance, 1 — a, at the AQL is usually set near the 95% point, 
and a is known as the producer’s risk. Thus a producer has good protection 
against rejection of submitted lots from a process that is at the AQL or better. 
On the other hand, this type of classification does not specify anything about 
the protection the consumer has against the acceptance of a lot worse than 
the AQL. 

3.6.2 Classification by LTPD. The lot tolerance per cent defective (LTPD) 
usually refers to that incoming quality above which there is a smaill chance 
that a lot will be accepted. This probability is usually taken to be near the 
10% point. Thus a consumer, inspecting lots submitted from a process that 
is at the LTPD or worse, has a small probability of accepting such lots. This 
probability is known as the consumer’s risk. On the other hand, this type 
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of classification does not specify an 3 rthing about the protection the producer 
has against the rejection of lots better than the LTPD. 

3.6.3 Classification by point of control. The point of control is the lot quality 
for Which the probability of acceptance is 0.50. The concept here is one of 
splitting the risk between producer and consumer. Lots submitted from proc¬ 
esses whose quality is better than the point of control have a probability of 
acceptance that is higher than 50%. Lots submitted from processes whose 
quality is worse than the point of control have a probability of acceptance 
smaller than 50%. 

3.6.4 Classification by AOQL. The average outgoing quality limit (AOQL) 
does not refer to a point on the OC curve, but rather to the upper limit on 
outgoing quality that may be expected in the long run when all rejected lots 
are subjected to 100% inspection, with all defective articles removed and 
replaced by good articles. The average outgoing quality (AOQL) can be 
computed from the formulas 


AOQ = p'L{p'); AOQL = max AOQ 

p' 


where max AOQ is the maximum AOQ over the range p' = 0 to p' 1. 

p’ t 

Figure 1.3.14 shows a graphic comparison of these four methods of indexing 
acceptance plans in relation to a stated quality standard. The four curves 


FIG. 13.14 SINGLE SAMPLING PLANS CLASSIFIED ON 

I. 1% ltpd: n = 225; c = 50. 

II. POINT OF control = 1% I n = 50; 
c = 1. 

III. 1% aoql: n = 75; c = 1. 

IV. AQL =1%: ?7 = 150; c = 4. 



I 2 3 4 5 6 7 8 


percentage OF DEFECTIVE ITEMS IN SUBMITTED INSPECTION LOTS 


0 
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shown in this figure are OC curves for single sampling plans that are indexed 
in their respective tables by the 1.0% defective figure. The most lenient plan 
(curve IV) is that classified by the AQL; in this plan with an AQL of 1.0%, 
four defectives are permitted in a sample of 150. The strictest plan (curve I) 
is the LTPD plan permitting 0 defectives in a sample of 225. The point of 
control plan (curve II) permits 1 defective in a sample of 150; here the prob¬ 
ability of acceptance of a 1.0% defective lot is 0.50. The 1.0% AOQL plan 
allows 1 defective in a sample of 75; the OC curve (curve III) is intermediate 
between the AQL 1.0% and the point of control 1.0% plans. 

3.7 DODGE-ROMIQ TABLES 

In 1944, H. F. Dodge and H. G. Romig published a volume of attribute 
sampling tables called Sampling Inspection Tables* These tables orig¬ 
inated in the Bell Telephone Laboratories and reflect many years of experi¬ 
ence with acceptance sampling in the Bell Telephone System. It should be 
pointed out that these tables were originally prepared for use within the Bell 
Telephone System. They were designed primarily to minimize the total 
amount of inspection, considering total sampling inspection and screening 
inspection of rejected lots. The Dodge-Romig volume contains four sets of 
tables, as follows: 

(1) Single Sampling Lot Tolerance Tables 

(2) Double Sampling Lot Tolerance Tables 

(3) Single Sampling AOQL Tables 

(4) Double Sampling AOQL Tables. 

3.7.1 Single sampling lot tolerance tables. This set indexes plans according to 
the following lot tolerance per cent defectives (LTPD) with the consumer’s 
risk = 0.10. 

0.6% 2.0% 4.0% 7.0% 

1.0% 3.0% 5.0% 10.0% 

Table 13.8 presents a typical table from Dodge-Romig single sampling LTPD. 
All the sampling plans in this table have the same LTPD. Furthermore, if 
rejected lots are screened, the table gives the AOQL values for each plan. 
For any given lot size there is a choice pf six plans, each for a different value 
of the process average. If the plan chosen corresponds to the true process 
average of the production process, and rejected lots are screened, the plan 
will guarantee that the average amount of inspection, considering inspection 
of samples and screening of rejected lots, will be smaller than for any of the 
remaining five plans, t The process average is usually estimated from past 
data by taking the ratio of the total number of defectives to the total number 
inspected. If there are no past data to estimate the process average, ^e plan 

* H. F. Dodge and H. G. Romig, Sampling Inspection Tables (New York: John Wiley 
and Sons, Inc., 1944). 

t The average amount of inspection (AOl) is given by the formula 

AOI - nL(i') + N[l - L(p')]. 



TABLE 13.8 EXAMPLE OF DODGE-BOMIG SINGLE SAMPLING LOT TOLERANCE 
TABLES 

Lot tolerance per cent defective — 5.0%; consumer’e riek — 0.10. 


Process 

average 

% 

0-0.05 

0.06-0.50 

0.51- 

1.00 

1.01- 

1.50 

1.51- 

2.00 

2.01- 

2.50 

Lot size 

n 

c 

AOQL % 

n 

c 

AOQL % 

n 


AOQL % 

n 

c 

AOQL % 

n 

c 

AOQL % 

n 

c 

AOQL % 

1-30 

All 

0 

0 

All 

I 

0 

All 

0 

0 

All 

0 

0 

All 



All 


0 

31-50 

30 



H 

1 

0.49 




i 

0 

0.49 

30 


0.49 

30 

0 


51-100 

37 


0.63 

37 

0 

0.63 

37 



is 

0 

0.63 

37 



37 



101-200 

40 


0.74 

40 


0.74 

40 


0.74 

40 

0 

0.74 

IS 


0.74 

IS 

0 

0.74 

201-300 

43 

0 

0.74 

43 


0.74 


1 


70 

1 

0.92 

95 

2 

O.M 

95 

2 

0.99 

301-400 

44 

0 

0.74 

44 


0.74 

70 

1 

0.09 

100 

2 

1.0 


3 

1.1 

145 

4 

1.1 

401-500 

45 

i 


75 

1 

0.95 


2 

1.1 

100 

2 

1.1 

125 

3 

1.2 

150 

4 

1.2 

501-600 

45 

0 

0.76 

75 

1 

0.98 


2 

1.1 

125 

3 

1.2 

150 

4 

1.3 

175 

5 

1.3 

601-800 

m 

0 

0.77 

75 

1 

1.0 

100 

2 

1.2 

130 

3 

1.2 

175 

5 

1.4 

200 

6 

1.4 

801-1,000 

45 

0 


75 

1 

1.0 

105 

2 

1.2 

155 

4 

1.4 

180 

5 

1.4 

225 

7 

1.5 

1,001-2,000 

45 

0 

0.80 

7.") 

1 

1.0 

130 

3 

1.4 

180 
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2.8 


should be selected from the right-hand column of the table. This gives good 
lots a better chance of acceptance. 

It must be emphasized that if screening of rejected lots does not take place, 
these plans still guarantee a stated LTPD. 

3.7.2 Double sampling lot tolerance tables. This set indexes plans according 
to the same LTPD’s a.s for the single sampling LTPD plans. A typical double 
sampling LTPD table is shown in Table 13.9. 

This table has the same features as the single sampling LTPD tables with 
the exception of using double sampling instead of single sampling. The first 
sample is always smaller than the corresponding single sampling plan, but if 
a second sample is required, the combined sample size exceeds the sample 
size of the single sampling plan. However, the average amount of sampling 
inspection is generaUy smaller with the double sampling plan. Since the sec* 
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TABLE 13.9 EXAMPLE OF DODGB-ROMIG DOUBLE SAMPLING LOT TOLERANCE TABLES 

Lot tolerance per cent defective = 5.0%; consumer's risk = 0.10. 
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ond sample is not always taken (depending on the submitted quality), the 
process average is usually estimated from the first sample only. 

3.7.3 Single sampling AOQL tables. This set indexes plans according to the 
following average outgoing quality limits (AOQL). 
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3.0% 
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1.0% 




A typical single sampling AOQL table is shown in Table 13.10. 


TABLE 13.10 EXAMPLE OF DODGE-ROMIG SINGLE SAMPLING AOQL TABLES 
Average outgoing quality limit ■■ 2.0%. 
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All the sampling plans in this table have the same AOQL, assuming all 
rejected lots are screened. Furthermore, the table gives the LTPD values for 
each plap. Like all the Dodge>Romig plans these plans have the property that 
the average amount of inspection is smallest for that plan which belongs to 
the class under whose heading the true process average falls. 

3.7'.4 Double sampling AOQL tables. This set indexes plans according to the 
same AOQL’s as for the single sampling AOQL plans. A typical double sam¬ 
pling AOQL table is shown in Table 13.11. 


































TABLE 13.11 EXAMPLE OF OOOGE-BOMIG DOUBLE SAMPLING AOQL TABLES 

Average outgoing quality limit = 2,0% 
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This table has the same features as the single sampling AOQL tables with 
the exception of using double sampling instead of single sampling. 

3.8 MILITARY STANDARD 105a 

There have been various sets of published sampling tables using the 
AQL as an index. The first set of tables was developed in 1943 for Army 
Ordnance, and with some changes and extensions, became the Army Service 
Forces tables, used during the final years of World War II. 

An Administration Manual, Standard Sampling Inspectian Procedures, was 
issued by the Navy in October, 1945. This manual, including tables and OC 
(operating characteristic) curves for all the acceptance sampling plans given, 
had been prepared by the Statistical Research Group of Columbia University 
during World War II. Although the tables and procedures in this manual 
were similar in many respects to those of the Army Service Forces, sequential 
(multiple) sampling plans were included in addition to single and double 
sampling plans, and there were several other important points of difference. 
The actual tables from this manual were issued by the Navy Department in 
April, 1946, as Appendix X to General Specifications for Inspection of Material. 
After the unification of the armed services. Appendix X was adopted by the 
Department of Defense in February, 1949, as JAN-STD 105. 

In 1949, a book entitled Sampling Inspection, edited by H. A. Freeman, 
M. Friedman, F. Mosteller, and W. A. Wallis* was published. This book was 
prepared by the Statistical Research Group of Columbia University, and 
with a few minor differences, the tables in Sampling Inspection are identical 
with JAN-STD 105. 

JAN-STD 105 has now been superseded by MILITARY STANDARD 
105A, Sampling Procedures and Tables for Inspection by Attributes, adopted 
in September, 1950, and printed for general use in December, 1950. It is 
evident that the new standard is likely to be used in the acceptance inspection 
of many billions of dollars’ worth of items purchased by Army, Navy, and 
Air Force. Moreover, like its predecessors, MIL-STD-105A will doubtless 
have a great influence on acceptance procedures used in industry. 

MIIj-STD- 105A is available for private use and is for sale by the Superin¬ 
tendent of Documents, U. S. Government Printing Office, Washington 25, 
D. C. Most of the remaining paragraphs in this section on sampling inspec¬ 
tion by attributes will be concerned with a discussion of this document. 

3.8.1 Classification .'f defects. Defects are grouped into three classes, i.e., 
critical, major, and minor. A critical defect “is one that judgment and experi¬ 
ence indicate could result In hazardous or unsafe conditions for individuals 
using er maintaining the product ; or for major end item units of product, 
such as ships, aircraft, or tanks, a defect that could prevent performance of 
their tactical functions.” A major defect “is a defect, other than critical. 


*H..A. Freeman, M. Friedman, F. Mosteller, and W. A. Wallis, Sampling Inspection 
(New York: McGraw-Hill Book Company, Inc., 1946). 
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that could result in failure, or materially reduce the usability of the unit of 
product for its intended purpose.” A minor defect “is one that does not mate¬ 
rially reduce the usability of the unit of product for its intended purpose, 
or is a departure from established standards having no significant bearing 
on the effective use or operation of the unit.” 

3.8.2 Acceptable quality levels. The acceptable quality level (AQL) “is a 
nominal value expressed in terms of per cent defective or defects per hundred 
units, whichever is applicable, specified for a given group of defects of a 
product.” The distinction between a defect and a defective is readily seen 
if we define a defective item as one containing one or more defects. If the 
percentage defective is relatively small, more than one defect will occur on 
an item infie(}uently. Consequently, in this case, the mathematical theory 
using defects is essentially equivalent to using defectives. The values of the 
AQL’s are 


0.015 

0.25 
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25.0 

250.0 

o.o:j5 

0.40 

4.0 

40.0 

400.0 

0.0(55 

0.65 
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0.j5 

1.5 
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Here AQL values of 10.0 or less are expressed either in per cent defective or 
in defects per hundred units; those over 10.0 are expressed in defects per 
hundred units only. These points are approximately in geometric progression 
and multiples of 1, 1.5, 2.5, 4.0, and 6.5. The probabilities of acceptance of 
submitted lots having these AQL’s range from about 0.80 for the smallest 
sample sizes to about 0.998 for the largest sample sizes. The particular AQL 
values to be used for a given product “shall be specified by the Government. 
The Government may, at its option, specify a separate AQL for all the defects 
of a given class considered collectively or for any particular type of defect 
considered individually. A single AQL value may be specified for the group 
of all defects for which a product is inspected, or separate AQL values may be 
specified for each of two or more subgroups of the defects.” 

3.8.3 Normal, tightened, and reduced inspection. The government determines 
whether to use normal, tightened, or reduced inspection at the start of a 
contract. During the course of a contract, the government determines whether 
to use normal, tightened, or reduced inspection as follows: 

Normal inspection is used when the’estimated process average is not out¬ 
side the applicable upper and lower limits shown in Table 13.12. These limits 
are obtained from the relation 

upper limit = AQL + 3. 

\ n 

lower limit = AQL - 3 ^AQL(100 - AQL) 
where AQL is read in per cent. 

Tightened inspection is instituted when the estimated process average 
exceeds the applicable upper limit shown in Table 13.12. Normal inspection 
is reinstated when the estimated process average is equal to or less than the 



TABLE 13.12 LIMITS OF THE PROCESS AVERAGE 
(Lower limits for AQL’s from 0.015 to 4.0; MIL-STD-105A) 
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TABLE .13.12 LIMITS OF THE PROCESS AVERAGE (Continued) 

(Lower limits for AQL’s from 6.6 to 1000.0; MIL-STD-105A) 
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^ Number of eampte unite included in estimated process average is insufbnent for reduced inspection, 
t Number of sample unite included in estimated process average is too great. Discard older resuite. 









































Table 13.12 limits of the process average (Continued) 

(Upper limits for AQL’b from 0.015 to 4.0; MIL-STD-105A) 

Number of sample units Acceptable quajitv levels 

included in estimated - 1 _ 
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TABLE 13.12 LIMITS OF THE PROCESS AVERAGE (Concluded) 

(Upper limite for AQL’s from 6.5 to 1,000.0; MIL-STD-105A) 
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AQL while tightened! inspection is in effect. Under tightened inspection, the 
producer’s risk is increased, whereas the consumer’s risk is decreased. In other 
words, the probability of accepting bad lots (as well as good lots) is decreased. 
This is accomplished by reducing the acceptance numbers while keeping the 
sample size fixed. 

Reduced inspection is instituted, if the government so desires, provided 
that all the following conditions are satisfied. 

“Condition A. The preceding 10 lots have been Under normal inspection 
and none have been rejected. 

Condition B. The estimated process average is less than the applicable 
lower limit shown in Table 13.12. 

Condition C. Production is at a steady rate.’’ 

Normal inspection is reinstated if any one of the following conditions occur 
while reduced inspection is in effect. 

“Condition A. A lot is rejected. 

Condition B. The estimated process average is greater than the AQL. 

Condition C. Production becomes irregular or delq^yed. 

Condition D. The Government deems that normal inspection should be 
reinstated.’’ 

Under reduced inspection, the sample size is decreased, thereby increasing 
the consumer’s risk and decreasing (slightly) the producer’s risk. 

The use of tightened and reduced inspection is an important feature in 
the success of MIIj-STD- 105A. If quality is submitted close to but above the 
AQL, there is still a relatively large probability that it will be accepted. 
Although this appears to be harmful on the surface, in reality, it is not too 
damaging. In the first place, rejected lots cost the manufacturer a great 
deal of money. In fact, too many rejected lots can easily force a manufacturer 
out of business. For example, few manufacturers can tolerate even a 20% 
rejection rate for their lots. Second, if lots are constantly being submitted 
above the AQL, this will be reflected in the process average, which results 
in tightened inspection. This will cause even more of the manufacturer’s lots 
to be rejected. Consequently, the manufacturer is actually forced to keep his 
submitted quality better than the agreed-upon level. 

On the other hand, if the manufacturer continues to submit quality a great 
deal better than the AQL, the government is able to use reduced inspection, 
which results in a sa-' ing of inspection costs. 

3.8.4 Sampling plans. Sample sizes are designated by code letters from A to 
Q. The sample size code letter depends on the inspection level and the lot 
size. Tljpjre are three inspection levels, I, II, and III. Unless the government 
speci^es otherwise, inspection level II is used. The sample size code letter 
applicable to the specified inspection level and for lots of given size is obtained 
from Table 13.13. 



TABLE 13.13 SABiBLE SIZE CODE LETTEBS 

(MIL-STD-105A) 


Lot size 

Inspection levels 

I 

II 

III 

2 to 8. 

A 

A 

c 

9 to 15. 

A 

B 

D 

16 to 25. 

B 

C 

E 

26 to 40. 

B 

D 

F 

41 to 65. 

C 

E 

G 

66 to 110. 

D 

F 

H 

Ill to 180. 

E 

G 

I 

181 to 300. 

F 

H 

J 

301 to 500. 

G 

1 

K 

501 to 800. 

H 

J 

mM 

801 to 1,300. 

I 

K 


1,301 to 3,200. 

J 

L 

M 

3,201 to 8,000. 

L 

M 

N 

8,001 to 22,000. 

M 

N 

0 

22,001 to 110,000. 

N 

0 

P 

110,001 to 550,000. 

0 

P 

Q 

550,001 and over. 

• 

P 

Q 

Q 


Since it has been pointed out that the OC curves are essentially independent 
of lot size (for large lots), it may appear incongruous that one of the entries 
to the table is lot size. However, a moment’s reflection will reveal that to the 
inspection agency the acceptance of a bad lot is much more serious when 
the lot size is large compared with when it is small. Consequently, better 
protection in the form of steeper OC curves is desired for large lots. 

The appropriate master sampling table is selected as follows: 

For normal or tightened inspection 

AQL values of 10.0 or less 
Single sampling: Table 13.14. 

Double sampling: MIL-STD-105A, pp. 12-13. 

Multiple sampling: MIL-STD-105A, pp. 14-15. 

AQL values of greater than 10.0 
Single sampling: Table 13.14. 

For reduced inspection and for all AQL values 
Single sampling: Table 13.15. 

The Standard contains the OC curve for each of the plans. Each OC curve 
corresponds to a single sampling plan, double sampling plan, and multiple 
sampling plan. 

3.9 DESIGNING YOUB OWN ATTRIBUTE PLAN 

In many cases, it will not be desirable to select a plan according to the 
standard procedure of MIL-STD-105A, implying, as it does, a rather 
arbitrary relation between lot size and sample size. If the characteristics of 
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TABUS 13.15 MASTER TABLE FOR REDUCED INSPECTION (Single samplmg only; MIL-STD-105A) 




Re 

c» 

esi TO CO 

«o 

00 O C4 




Ac 

rHI 

•1 TO TO 

eo so 

l>» <s> 






TO TO TO 

TO ■«*' TO 

TO t- O 

jgQI 


ci 

Ac 

1 


w *1 TO 

TO TO tH 

TO TO TO 



fcO 

Ac Re 

o o 

CSI CS| 

CO CO ^ 

CS» CS» CO 

AO 

so O 

QM 


o 

Re 


TO 

TO TO TO 

TO TO 

■eI 



Ac 

o 


.-t TO TO 

TO TO 

B 


990 

Re 



C<l CO 

TO TO 

TO TO 




o 


TO TO ^ 

TO 00 









> 

0.40 


- 

— — 

CO CO 

SO 

as 

a 

Ac 

o 


CSI CSI CO 

CD 

o* 

»o 

CSI 




csi CO CO 

CO 

s 

o 

O 


o 


1-H <M 

CO so 

4) 

CJ 








< 

ko 

Re 



C<l CO 

CO SO 


C? 

Ac 


o 

CSI 

CSI ^ 


o 

Re 


OI 

TO "S* 


o 

Ac 

o 


TO CO 


9900 

Re 

1 



C4 CO 


Ac 

o 


1-1 CSI 


I 

1 

»o 

CO 

Re 



CSI CSI 


o 

o 

Ac 


o 

^4 


o 

o 

Ac Re 

910 0 :abV 

joj 3iqis]i'eA'B '^ou uoi^^aadsat paanpa^ 



a> 

*w 








•S 

i* 

CS 

CO 

N N TO 

so o 

so C^ O 
^"1 C4 CO 

^ s s 

^ CO OS 

150 

300 


£ 

•3^ 

Q 






4J jv 
o» gf 

i'S 

qS ^ 

.-W Em 

CQ 

< 


•-» W 1-3 

SS;o 

<y 


•28 


































































' 

o 







OO 

^ eo 



650.0 


2S3^ 











.4c 


39 










400.0 

Re 

CO 00 <M 

S 

CO 









Ac 

^ 

wM <Nl 

S 

36 









250.0 

Re 

Oi ^ oo 

CO 

C4 

GO 

C4 

34 



1 Ac 

1 

oo CO 

*—< w-< 

1^4 

C4 

C4 

CO 

CO 



150.0 

Re 

1—' rjt 

e^ 

GO 

04 

to 

CS| 

32 

90 

Ac 

UO O CO 

V-^ 

S 

04 

« 


100.0 

Re 

»o oo »-< 

I** 

•«r* 

wW 


S 

25 

32 

flO 

Ac 

o 

CO 

«o 

s 

1-H 

04 CO 

or 

-O 

o 

ai 

Oh 

^co »0 GO 






-2 

Cl. 

S 

kO 

o 


(M 

o 

CO 

V—< 

CD 

i^H 

21^5^ 



p 

a> 

P4 

CD 

oo 

o 

eo 

22g5 

8S 






o 


V— 1 CO »o 


a> 

C4 

40 OC ^ 
i"H 04 







p 

a 

Ph 

CS| -t#* 

CD 

GO 

o 

CO iO 

w^ 

C4 

40 

04 






Ac 

w-H CO CO 

no 

r- 

a> 

04 -wt* CD 

S 

04 





p 

Re 

04 CO CO 


CD 


D^ 04 CO 

v~4 ^ 

CD 

*—4 

Od 

W—1 





O 

^ CCi C4 

CO 

WG 

CD 

OO 


oo 

r-4 

gs 



o 

o 

•< 

CO 

(C*4 

CO 

CO 

uo 

•wtf* 

0> 04 

CD OO 

t-H 

13 14 

CO 

r-^ 

40 

18 19 

23 24 

GO 

CO 

eo 


lO 

•v 

^ 1 

C4 

CO 



»0 CD GO 

^4 

CO 

U*t 

Oi 



CD 

Ac 


04 

CO 

CO 

ao 

o 

04 


OO 




a> 

b9 

'55 

4l> 

O. 

CO 

»o 


o 

iJG 04 o 
*-H 04 CO 

io 

SS 

i 

30C 1 

1 














Sample size 
code letter 

1 

P 

o 

CQ 

-< 

o 

K 

HH 

bd ^ 

S izio 

pu or 


4 




t29 


i ■ Uss first sampliae piar. below arrow. When sample site equab or exceeds lot aiw, do 100 per cent iiupeotioiL. t ■■ Use first sampling plan above arrow, 
eeptance number. Re >■ Rejection number. 



TABLE 13.16 VALUES OF np\ FOR WHICH THE PROBABILITY OF ACCEPTAXCE OF C OR FEWER DEFECTIVES IN A SAMPLE 
OFnisP(-4)^ 

[To find the fraction defective p', corresponding to a probability of acceptance P{A) in a single sampling plan with sample sise n and accept¬ 
ance number c, divide by n the entry in the row for the given c and the column for tbe given P(A)1. 
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TABIiB 13.17 VALUES OF npi AND C FOR CONSTRUCTING SINGLE SAMPLING PLANS WHOSE OC CURVE IS REQUIRED TO PASS 
THROUGH THE TWO POINTS (pi, 1 — «) AND (pz, fi) * 
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an OG curve are specified in advance, it is possible to detmnine the aunple 
size and acceptance number accordingly. This article will deal with procedures 
for determining sampling plans when two points are specified, and with 
finding the OC curve of an arbitrary sampling plan. 

3.9.1 Computmg the OC curve of a single sampling plan. In Art. 3.3.2 a method 
for computing the OC curve of a single sampling plan with sample size n 
and acceptance number c was presented. The OC curve may also be con¬ 
structed from Table 13.16 by dividing each entry in the row for the given 
c by the sample size. The fraction defective p' for which the probability of 
acceptance is shown in the column heading, is obtained. 

Example. For n = 75, c =» 4; find the OC curve. 

Dividing the numbers in the row c » 4 by 75 we find the fdlowing 13 points 
on the OC curve. 


Probability of 
acceptance 

Fraction 

defective 

Probability of 
acceptance 

Fraction 

deieetive 

0.995 

- 0.01437 

75 

0.250 

- 0.883« 

0.990 

- 0.01705 

75 

0.100 

. o.lOM 

* 75 

0.975 

1 023 

- 0.03164 

75 

0.050 

- 0.1221 
76 

0.950 

« 0.02627 

75 

0.025 

10 242 

- 0.1172 

75 

0.900 

- 0.03244 

omo 

- 0.IM7 
75 

0.750 

. 0.04492 

75 

0.065 

. 0.1679 
75 

0.500 

^ - 0.06223 




3.9.2 Finding a sampling plan whose OC curve passes through two points. 
As pointed out in Art. 3.3, it is often useful to specify two points on an 
OC curve; pi and p* such that L(p{) = 1 — a and L(pi) = /3- Here pi is 
usually denoted as acceptable quality (quality we want to accept) and pi 
usually represents unacceptable quality (quality we want to reject). Hence 
a and d are usually taken as small numbers, 0.01, 0.05, or 0.10. For these 
values, sampling plans may be found in Table 13.17. To construct a plan for 
a given pi, a and pi, /S, calculate the ratio pi/pi and find the entry in the ap¬ 
propriate a, p column which is equal to or just greater than the desired ratio. 
The acceptance number is read off directly and the sample size is determined 
by dividing np'i by p'l. 

Example, pi => 0.02, pi « 0.04, a » 0.05, 0 = 0.05. Find n and c. 

Pa 0.04 




FIG. 13.15 GRAPHIC PROCEDURE FOR ITEM BY ITEM SEQUENTIAL SAMPLING PLAN. 


The value in the table just greater than 2 is 2.030. Hence, e — 21, 
n = 14.894/0.02 = 745. 

3.9.3 Design of item-by-item sequential plans. It is not possible to give simple 
formulas for the acceptance and rejection numbers in double or multiple 
sampling plans; however, simple formulas do exist for item-by-item sequential 
plans, i.e., plans in which the decision to accept, reject, or continue sampling 
is made after each observation. The plan can be represented graphically as 
a pair of parallel lines (Fig. 13.15). The plan is determined by the acceptance 
line a„ = —hi -h ms and the rejection line r« = fta -f ms. To calculate hi, 
hi, and s, we introduce the quantities 


I ,1—a ,1-/3 , P2 , 1 — p't 

fc = ln—; a = ln—; 9 . = ln^; 


Then 


hi ^ 


gi + 02 


; /i2 = 


a 


a = 

Qi + ffs’ gi + flf* 


Example. Suppose we want p[ = 0.01, Pi = 0.10, a == 0.05, /8 = 0.20; we 
calculate 

6 = In ^ = 1.55815; o = In = 2.77259 

ft = In ~ = 2.30258; - In ^ = 0.09531 

A, = 0.849796; A. = 1.156407; s = 0.039747 


and get the equations 

= -0.649796 + 0.0397477n; = 1.156407 + 0.03974Z^ 

Usually the sequential plan is applied in a tabular rather than graphical form; 
Om and r„ are computed for every m and listed in Table 13.18. Note that Om 
is rounded down to the nearest integer and is rounded up to the nearest 
integer. 

«3S 
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TABLE 13.1i TABULAB PBOCEDUBE FOB 
PUNG PLAN 

ITBM-BY-ITEM 

SEQUENTIAL SAM- 

Number of 

Acceptance 

Rejection 

Observed number 

observations 

number 

number 

of defects 

m 

Om 


d 

1 

• • • 

• • • 


2 

« • • 

• • « 


3 

• • • 

• 2 


17 

6 

2 


|22 

6 

3 


42 

6 . 

3 




• 


47 

i 

4 


67 

2 

4 


72 

2 

6 


97 

3 

6 


117 

4 

6 


122 

4 

7 


143 

5 

7 


•148 

6 

i 
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Simple formulas may be found for the probability of acceptance and the 
expected number of observations from five values of the fraction defective 
including the two points defining the plan. 


p' = 0; L(pO - 1; 

Z^CpO^l-a; 


^“7 


hi -f hi’ 


p'-pi; i(p') = i-«: 

- •= = *7^= «■ = 

V - pi; Up') = 0; V. = 

p* - 1; i(p') - 0; f!i ” 

In the above example, 

/ n T/AN 1 ^ 0.649796 la-iAQ 

p — Oj i'(O) — Ij flo — fioQ7^7 16.348 


p' » pi; L(pO = /3; 

p' = 1; L(pO = 0; 


^p'j = 


0.039747 


p' = 0.01; 


h.oi =* 


L(O.Ol) = 0.95; 


0.029747 


18.808 


p' = 0.039747; 


L(0.039747) 0.649796 + 1.156407 


n(.o 39747 ) = (o.039747)(0.960253) ~ 


p' = 0.10; L(O.IO) = 0.20; 

- ^ 0.80(1.156407) - 0.20(0.649796) 

■ 0.10 - 0.039747 


13.197 


p' = 1.00; L{1,00) = 0; «.,<» = = 1.2043 
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no. 13.17 i^N CURVE OF SEQUENTIAL PLAN SKETCHED FROM FIVE POINTS. 


Usually these five points may be used to make an adequate sketch of the 
OC and ASN curves. 

If more points are needed, they may be found by substituting values be¬ 
tween 1. and 00 for x in the equations 


L(p') 


^hi+Kt 


fKt 


^Ai+Ai _ J ^ 



g* — 1 
X — \ 


The point [p',L(p')] has the conjugate [pi,Z/(pO] given by 


Wc) 


Wl. 

J.hi » 


Pe = p'(g»-*) 


The expected number of observations is 

L{p')(hi -}- hi) - hi 

Up ' = —-—-7- 


3.10 LOT-BY-LOT SAMPLING INSPECTION BY VARIABLES: INTRODUCTION 

The principles underlying variables sampling inspection plans have been 
explained in considerable detail in Sampling Inspection by Variables* 
by Bowker and Goode, and Techniques of Statistical Analysisf by Eisenhart, 
Hastay, and Wallis. Briefly, it is assumed that the item qualities are normally 
distributed about the universe mean x* with standard deviation <r' either 
known or unknown. 

The criteria for acceptance by variables are put in the following forms. 

3.11 ONE-SIDED TESTS—KNOWN a 

For an upper specification limit C7, with known a', accept the lot if 
l^u < p*, where p* is a preassigned constant (similar to the acceptance 
number) and 

A. H. Bowker and H. P. Goode, Sampling Inspection by Variables (New York; McGraw- 
Hill Book Company, Inc., 1952). 

t C. Eisenhart, M. W. Hastay, and W. A. Wallis, Techniques of Statistical Analysis (New 
York: McGraw-Hill Book Company, Inc,, 1947). 
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PIG. 13.18 PART OF POPULATION LYING ABOVE THE 
UPPER SPECIFICATION LIMIT. 



is an estimate of the percentage of the population, based on a sample of n items, 


falling above U. Then 



is computed and fv is found by en¬ 


tering the table of the normal distribution (Table 13.3). As an alternative 
procedure, it can be shown that Pv < V* if if * + ka' < U, where 

fc is a constant specified by the acceptance plan, i.e., for fixed n, different 
values of k yield different OC curves. Hence, accept the lot i(x-\-k<T'< U; 
otherwise reject the lot. 


FIG. 13.19 PART OF POPULATION LYING BELOW A 
LOWER SPECIFICATION LIMIT. 
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For a lower specificjation limit L with known accept the lot if < p*, 
where p* is a preassigned constant and 





is an estimate of the percentage of the population, based on a sample of n 

( jj _ x\ 

—j is computod and is found 


by entering the table of the normal distribution (Table 13.3). 

Alternatively, it can be shown that p/. < p* if and only d x kv' > L. 
Hence, accept the lot if 2 — Aio-' > L; otherwise reject the lot. 


3.12 ONE-SIDED TESTS—UNKNOWN tr 

For an upper specification limit U with unknown a', accept the lot if 
pu < p*, where p* is a preassigned constant (similar to the acceptance 
number) and pu is an estimate of the percentage of the “population, based on 
a sample of n items, falling above U. If the sample standard deviation 


is used as an estimate of a', then pu is a function of x, s, and U. This function 
has been tabulated by the Applied Mathematics and Statistics Laboratory 
of Stanford University and can be obtained on request. This estimate has 
optimum statistical properties. Alternatively, it can be shown that pu < p* 
if and only if x + fcs < U. Hence, accept the lot if x + fcs < (/; otherwise 
reject the lot. 

f 

If the average range of v subgroups of 5, JR = ^ Ri/v, is used as an esti- 

1-1 

mate of then pu, the e^imate of the percentage above (/ in a sample of 
n = 5t;, is a function of x, R, and U. Again, as_an alternate procedure, it can 
be shown that pu < p* if and only if x + fcJR/2.3259 < U. Hence, accept 
the lot if X + fc/2/2.3259 < U ; otherwise reject the lot. 

For a lower specification limit L, with unknown a', accept the lot if pt < p*, 
where p* is a preass'gned constant and ptisan estimate of the percentage of 
the population, based on a sample of n items, falling below L. If s is used as 
an estimate of a', then Pt is a function of x, s, and L, and has been tabulated 
by the Applied Mathematics and Statistics Laboratory of Stanford Univer¬ 
sity. The alternate procedure is derived from the relation pt < p* if and only 
if X — fcs > L. Hence, accept the lot if x — A:s > L; otherwise reject the lot. 

_ 

If the average range of v subgroups of 5, Ri/v, is used as an esti- 

t-i 






riG. 13.20 PART OF POPULATION LYING ABOVE UP¬ 
PER SPECIFICATION LIMIT AND BELOW 
LOWER SPECIFICATION LIMIT. 


mate of then pi is«, function otx, R, and L. Alternatively, it can be shown 
that pL < p* a and only if x — kR/2.S259 > L. 


3.13 TWO-SIDED TESTS—KNOWN or' 


For a two-sided specification test, with known a', accept the lot if 
Pl + Pu < p*, where 


and 



— ~=. 

V2ir 

- 4 = 

V27r 


Hence, compute 


( L -X 




v7. 


/ Vn - I 


= and 




\/n 


Vn — 1 


tables of the normal distribution to obtain pt and pu. 


and enter the 


3.14 TWO-SIDED TESTS—UNKNOWN 

For a two-sided specification test, with unknown cr', accept the lot if 
pL-^ pv < p*, where pt and pv are the estimates mentioned in Art. 3.12. 


3.15 VARIABLES PLANS THAT MATCH MIL-STD-105a 

Table 13.19 presents one-sided unknown standard deviation variables 
plans based on the sample standard deviation which most closely match 

S41 




TABLE 13.19 TABLE SHOWING ONE-SIDED UNKNOWN STANDABD DEVIATION VABIABLES PLANS WHICH M{»T CLOSELY MATCH 
ATTEIBUTE PLANS IN MIL-8TD-105a* 



^ Matches which requite a sample Rise for variables plans creater than 50 are not given. 






















































13.20 TABLE SHOWING KNOWN STANDARD DEVIATION VARIABLES PLANS WHICH MOST CLOSELY MATCH ATTR 
FLANS IN M1L-STD>105a 










































TABLE 13.21 TABLE SHOWING ONE-SIDED UNKNOWN STANDARD DEVIATION VABIABLE8 PLANS BASED ON THE RANGE WHICH 
M<^T CLOSELY MATCH ATTRIBUTE PLANS IN MIL-STD-105a* 
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attribute plans in MIIrSTD-105A. The criteria for accepting lots is as fol¬ 
lows: for an upper specification limit, accept the lot if x + fcs < (/; for a lower 
specification limit, accept the lot if x — fcs > L. 

Table 13.20 presents one- and two-sided known <r' variables plans whicl 
most closely match attribute plans in MIL-STD-105A. The criteria for ac¬ 
cepting lots is as follows: for an upper specification limit, accept the lot if 


fv 


=r 4= 

V /V„-i 


g -*‘/2 < p " 


for a lower specification limit, accept the lot if 

'L-t\ 

f\ 


■11 


\ Jy/~i 1 


r-=ei~^l^dz < p* 


for a two-sided specification limit, accept the lot if 


pL + pv 



—^e-*V2 dz 

V2r 


+ 



1 

V2^ 


6“**''^ dz 


< p* 


Table 13.21 presents one-sided unknown standard deviation variables 
plans based on the average range which most closely match attribute plans 
in MIL-STD-105A. The criteria for accepting lots is as follows: for an upper 


specification limit, accept the lot if x -f 


kR 

2.3259 


< 


t/; for a lower specification 


limit, accept the lot if x — 


kR 

2.3259 


> 


L. 


3.16 introduction: continuous sampling inspection 

The preceding articles on sampling inspection have dealt with lot-by-lot 
inspection when items are classified according to attribute data or vari¬ 
ables data. In the following articles, inspection procedures will be given for 
items that are not broken into lots, and that are sampled by attributes. 
In these continuous sampling procedures, current inspection results are used 
to determine whether sampling inspection or screening inspection is to be 
used for the next items to be inspected. 


3.17 DODGE CONTINUOUS SAMPLING PLAN (CSP-1) 


In 1943, Dodge published a continuous sampling plan in the Annals of 
McUhematical Statistics.* The procedure, as stated by Dodge, is as 
follows: 


* H. F. Dodge, “A Sampling Inspection Plan for Continuous Production,” ArmaU of 
Maihematical SUUisties, Vol. 14, September 1943. 
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'‘(a) At the outset^ inspect 100% of the units consecutiv^y as produced 
and continue such inspection until i units in succession are found clear of 
defects. 

(b) When i units in succession are found clear of defects, discontinue 
100% iiuspection, and inspect only a fraction / of the units, selecting individual 
sample units one at a time from the flow of product in such a manner as to 
assure an unbiased sample. 

(c) If a sample unit is found defective, revert immediately to a 100% 
inspection of succeeding units and continue until again i units in succession 
are found clear of defects, as in paragraph (a). 

(d) Correct or replace with good units all defective units found.” 

In his paper. Dodge studied the properties of this plan, and presented 
equations and charts for determining the average outgoing quality limit 
(AOQL) as functions of the parameters / and i, under the assumption that 
the process is in a state of statistical control. A production process is said 
to be in statistical control if there is a positive constant p < 1 such that, 
for every item produced, the probability that it is defective is p, and is inde¬ 
pendent of the state (defective or nondefective) of all the other items pro¬ 
duced. 

Figure 13.21 presents the necessary chart for the selection of the appropri¬ 
ate plan. 

3.17.1 Example. Suppose the desired AOQL is 4% and / is chosen to be 
From Fig. 13.21, i is found to be 17. The plan is as follows: 



FIG. 13J11 CURVES FOB DETERMINING VALUES OF / 
AND i FOR A GIVEN VALUE OF AOQL IN 
dodge's plan FOR CONTINUOUS PBO- 
DucnojT. 
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Inspect all the units as produced and continue such inspection until 17 units 
in succession are found clear of defects. < 

When 17 units in succession are found clear of defects, discontinue 100% 
inspection, and inspect only one out of five units. As soon as a defective is 
found, revert to 100% inspection of succeeding units and continue until 
again 17 units in succession are found clear of defects. Then resume sampling 
inspection. 

3.17.2 Further results with the Dodge procedure. Although the Dodge proce¬ 
dure is always applicable, it only guarantees the specified AOQL provided 
the process is in a state of statistical control. Lieberman* has shown that 
the Dodge procedure guarantees an AOQL whether or not the process is in 
a state of statistical control. In fact, without the assumption of control, and 
for a given / and t, 


AOQL = 


iZL-1 

1 // + t 


In the above example, if the assumption of control is not made and an 
AOQL of 4% is desired with / == |, it is necessary to take i = 95. 

In 1951, H. F. Dodge and Miss M. N. Torreyf developed two modifications 
of CSP-1. They are referred to as CSP-2 and CSP-3. These plans remove the 
feature of reverting to 100% inspection as soon as one defect is found; in¬ 
stead, 100% inspection is reinstated only when one defect falls too closely 
on the heels of another during sampling inspection, that is, when their sep¬ 
aration is smaller than a prescribed minimum spacing. Naturally, the prob¬ 
ability of accepting a short run of product of poor quality is higher in these 
plans than in the original one. These last two plans differ in that one provides 
for the inspection of four additional units whenever a defect is found under 
conditions that do not require reinstating 100.% inspection, thereby provid¬ 
ing protection against short runs of poor product. 


3.18 GIRSHICK CONTINUOUS SAMPLING PLAN 

In 1948, M. A. Girshickt presented a continuous sampling plan. It is 
defined by the three integers m, N, and K. The plan operates as follows: 
The units of product in the production sequence are divided into segments 
of size K. Inspection begins by selecting at random one item from each 
consecutive segment of K items. The items are inspected in sequence and the 
number of defectives found, as well as the number of items examined, are 
cumulated. This procedure is continued until the cumulative number of 
defectives reaches m. At this point, the size of the sample n is compared with 
the integer AT. If n > N, the product which has passed through inspection is 

* G. J. Lieberman, ''A Note on Dodge’s Continuous Inspection Plan,” Annals of Mother 
matical Statistics, Voi. 24, September 1953. 

t H. F. Dodge and M. N. Torrey, “Additional Continuous Sampling Inspection Plans.” 
Industrial Quality Control, Vol. 7, March 1951. 

t M. A. Gizshick, “Sampling Inspection Plans for Continuous Production,” unpublished 
p^>er delivered at the May 10, 1048, meeting of the Institute of Mathematical Statistics. 
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considered acceptabie and the inspection procedure is repeated on the new 
incoming product. If, on the other hand, n < N, the following actions are 
taken: (a) the next N — n segments are inspected 100%; and (b) after that, 
the inspection procedure is repeated. This procedure always guarantees that 
the AOQL cannot exceed {K — l)m/KN. 

3.18.1 Example. If an AOQL of 4% is desired with K 5 and m = 3, 
the value of N for the Girshick plan is found by solving the equation 
0.04 = (4 X S)/{5N) for N, i.e., N ^ 00. 

Thus inspection begins by selecting at random one item from each consecu¬ 
tive segment of five items. This procedure is continued until the cumulative 
number of defectives reaches three. At this point, the size of the sample n is 
compared with 60. If n > 60, the product that has passed through inspection 
is considered acceptable, and the inspection procedure is repeated on the new 
incoming product. If, on the other hand, n < 60, the next 60 — n segments 
are inspected 100%. After that, the initial inspection procedure is repeated. 

4 . COMMON SIGNIFICANCE TESTS 
4.1 INTBODUCTION 

Significance tests are important tools in scientific and industrial experi¬ 
mentation; they are used for making decisions on the basis of the lim¬ 
ited information available in samples and provide procedures for making 
these decisions with preassigned risks. For example, an experimenter may 
wish to determine whether a new method of sealing vacuum tubes will in¬ 
crease their life, whether a new alloy will have an increased breaking strength, 
whether a new source of raw material has resulted in a change in the quality 
of output, or whether a special treatment of concrete will have an effect on 
breaking strength. 

Consider the breaking strength example: We are really concerned with 
two distributions, one the distribution of breaking strength of concrete made 
by the standard method, and the other the distribution of concrete receiving 
the special treatment. Our problem is to decide whether these two distribu¬ 
tions are the same or different, and in particular to decide if their mean 
breaking strengths are the same. We make the hypothesis that there is no 
difference in mean breaking strength, and will accept or reject this hypothesis 
on the basis of experimental evidence. A number of test specimens of both 
the special and standard treatment will be made up and the compressive 
strength of each test specimen determined. A statistic will be computed from 
these measurements. 

Ideally, before the data are at hand, the experimenter should decide on 
his rule of rejection and on the number of items to include in the sample. 
As explained in the detailed instructions for the various cases included in 
tills article, the test for the equality of two population means is based on 
the difference of the sample means (say h » mean of special treatment minus 
mean of stand^d treatment) divided by some measure of their sampling 
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variability. In this case, we will keep the standard method of treatment 
unless the special method actually increases the breaking strength, and we 
are interested in rejecting the hypothesis of equality only in this case. Hence, 
we will reject the hypothesis only if the sample mean of the new material is 
substantially greater than the sample mean of the old, i.e., h is positive. 
This kind of test that rejects when differences are in one direction only is 
called a one-tailed test, since the region of rejection consists of one tail of 
the distribution of the test statistic. Often we are interested in rejecting the 
hypothesis of equality of means when the true means differ in either direc¬ 
tion, as when we want to see if a new source of raw materials has changed 
the quality of output. In this case, we reject when the difference of the 
sample means is either too large or too small; such tests are called two-tailed 
tests. 

4.2 OC CUKVES OF THE TEST 

Suppose we let A equal the true difference in true means, i.e., A = mean 

of special treatment population minus mean of standard treatment pop¬ 
ulation, and we are interested in the one-tailed test. Now we have indicated 
that we want a test that will have a high probability of rejecting the hypothe¬ 
sis of equality of means for A positive and a high probability of accepting 
the hypothesis (low probability of rejecting) if A < 0. Of course, in repeated 
sampling from populations with a given A we will accept some of the time 
and reject the rest of the time; the percentage of times we accept the hypothe¬ 
sis is the probability of acceptance. A plot of the probability of acceptance 
as a function of A is called the operating characteristic curve of the test; just 
as the protection of an acceptance sampling plan is characterized by the OC 
curve (the probability of accepting the lot as a function of presented quality) 
so the risk of making the wrong decision in any significance test is character¬ 
ized by the OC curve. 

An operating characteristic curve for a one-sided test will look some¬ 
thing like Fig. 13.22. Operating characteristic curve for a two-sided test will 


PIG. 13.22 OC CURVE OF THE ONE-SIDED TEST FOR THE EQUALITY OF TWO MEANS. 





no. 13.23 oc curve of the two-sided test for the equality of two means. 

look something like Fig. 13.23. The probability of rejecting the hypothesis 
(A = 0 in this case) when it is true (1 — probability of acceptance as given by 
the OC curve) is often called the level of significance or size of the test. The 
letter a will be used to denote the level of significance. Standard practice is 
to take a as 0.05 or 0.01 depending on how serious it is from a practical point 
of view to reject the hypothesis when it is true. 

A family of OC curves of the one-tailed test for various values of the 
sample size is given in Fig. 13.24. As in the case of sampling inspecticm, 
increasing the number of observations increases the slope of the OC curve; 
the probability of accepting the hypothesis A = 0 if A is really 0 remains the 
same, i.e., the significance level can be achie\'ed for any sample size. What 
changes is the probability of deciding that A — 0 if the true situation is such 
that the means actually differ; for any given A > 0 the probability of accept¬ 
ing will decrease as n increases. To pick a sample size, the experimentalist 
must pick a difference A that is important from the practicaf point of view 
and then choose the number of observations which gives him small chance of 
accepting the hypothesis if the true difference is as great as the practical dif¬ 
ference. Very often he must weigh the cost of taking additional observations 

riG. 13.24 FAMILY OF OC CURVES OF THE ONE-TAILED TEST FOR THE EQUALITY 

OF MEANS. 
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TABLE 13.22 8TTMMAHY OF SIGNIFICANCE TESTS! TESTING FOR THE VALUE OF A SPECIFIED PARAMETER 
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TABLE 13.23 SUMMARY OF SIGNIFICANCB 


Hypothesis 

Notation 

for 

hypothesis 

Qualifying 

conditions 

Statistic used in test 

The means of 
two normal dis¬ 
tributions are 
equal 


Known 

standard 

deviations 

U - ——- 

V v*Vn* + »»*/«» 

The means of 
two normal dis¬ 
tributions are 
equal 


Unknown 

standard 

deviations 

with 

ir» ™ o'n 

f i-V 

’ n, -1- — 2 

The means of 
two normal dis¬ 
tributions are 
equal 

M* “ 

Unknown 
standard 
deviations 
with 
and Oy 
not neces¬ 
sarily 
equal 

t' ^ ^ ■■■ ■ 

+ «*’/«» 

The variance of 
two normal dis¬ 
tributions are 
equal 



^ (I, - f)V(n. - 1) 

p *** 

8 * 

- y)V(n» - 1) 

t> 1 

In a two-sided test, put the larger mean square 
in the numerator 


against the advantage in decreasing the probability of accepting the null 
hypothesis when it is false. 

In practice, there are two major limitations to the use of OC curves. Very 
often, the number of observations is fixed in advance, by custom, limitation 
of testing equipment, or indeed the statistical analysis may be of secondary 
importance based on data taken for another purpose. Even in this case, a 
look at the OC curve is important, since it gives an idea of the type of differ¬ 
ences you are likely to detect and hence an indication of the sensitivity of the 
analysis. In the second place, it often happens that the OC curve depends on 
parameters in which you are not interested, since the OC curve for the test 
of equality of two means depends on the ratio of the difference of the means 
to the standard deviation. However, even if only the general magnitude of 
the standard deviation is known, the OC curves are useful in designing ex¬ 
periments. The experimentalist must realize that whenever he picks a sample 
size he is implicitly picking an OC curve, and the more information he has 
available in making this decision the better. The OC curves for most of the 
standard significimGe tests are presented in this chapter. 
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TBSTB: COMPABISON OF TWO POPULATIONS 


Reference 
to detailed 
explanation 

Rule of rejection 

Table 

Choice of 
sample 
size 

Art. 4.7 

U > Ka if we wiah to reject when > ny. 

13.3 

Fig. 13.27 
and 13.28 

' 

U < —Ka if we wish to reject when fi» < ny. 

13.3 

Fig. 13.27 
and 13.28 


If7| > Ka/2 if we wish to reject whenever the means 
differ. 

13.3 

Fig. 13.25 
and 13.26 

Art. 4.8 

t > fa:n,+n,-2 if we wish to reject when >i* > ny. 

13.25 

Fig. 13.31 
and 13.32 


t < — ta;nm+ny -2 if we wish to reject when nx < 

13.25 

Fig. 13.31 
and 13.32 


W ^ I<»/2;n,+n,-2 if we wish to reject whenever 

13.25 

Fig. 13.29 
and 13.30 

Art. 4.9 

^ ia;t if we wish to reject when nx > My 

13.25 

There are 


1' < — to.B if we wish to reject when mz < Mk- 

13.25 

no results 


ll'l > ta/ 2 -,v when we wish to reject when mz ?^m»* 
where the degrees of freedom v is given by the closest 

integer to» ” -2 + f— + ^Y/[{SzV”»)V(«z + 1) 

\n, Uy/ 

+ W/nyY/{ny + 1)]. 

13.25 

available 

Art. 4.10 

F > Fa;n,~l,n,—1 if we wish to reject when «r* > vy. 

13.27 

Fig. 13.41 
and 13.42 


F > Fa/2;n.-i.n,-i if 8,* > 8y* and we wish to reject 
whenever o-y. 

13.27 

Fig. 13.39 
and 13.40 


F > Fa/2,n,-l,n.-i if Sz* < 8y* and we wish to reject 
whenever ffx »y 

13.27 

Fig. 13.39 
and 13.40 


All the tests described in this article are based on the assumption that the 
populations from which we draw samples are normal distributions. This 
assumption, which underlies a good deal of statistical technique today, is, 
of course, never exactly true, but has been shown to be approximately true 
by both empirical and theoretical studies, and the techniques derived on this 
assumption are adequate for most practical problems. Care should be taken, 
however, not to apply one-sided tests to very skew distributions. 

A summary of the tests discussed in this section can be found in Tables 
13.22 and 13.23. 

4.3 NOTATION 

The notation used in the following discussion will be the standard 
statistical notation found in most statistics texts. The observations 
Xi, Xt, xs,..., x„ will be assumed to be drawn from a normal distribution 
with mean m and variance a^. 
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gl ~t~ ♦ + *n S *' 


n 


n 


is an estimate of n, and 

n2 _ V ~ ^ ~ g)* + fa - X)^ + ■ . ■ + — jg)* 

,4^ n — 1 n — 1 

is an estimate of a®. The best computational form for s® is given by 

xi + ajl + ... + a;® — 71X® 


S9 


n — 1 


Here a is the level of significance, and Ka, U.,, Xo;f, and are respec¬ 
tively the a percentage points of the normal distribution, the a percentage 
point of Student’s t distribution with v degrees of freedom, the a percentage 
point of the chi-square distribution with p degrees of freedom, and the a 
percentage point of the F distribution with Pi and Pi degrees of freedom. 


4.4 TEST OF THE HYPOTHESIS THAT THE MEAN OF A NORMAL DISTRIBUTION 
HAS A SPECIFIED VALUE WHEN THE STANDARD DEVIATION IS KNOWN 


Notation for hypothesis 

M 

Rule of rejection 

U > Ka if we wish to reject when the true 
mean exceeds m. 

Test statistic 

U y/n{i — 

Ride for choosing sample vise 

Select a value m for which we want to 

reject the null hypothesis with high prob¬ 
ability, and calculate d = (^i — pa)/e, and 
select n from the OC curve of Fig. 13.27 
or 13.28. 

U < —Ka if we wish to reject when the 
true mean is less than 

Choose a value mi < aw which we want to 
reject and enter Fig. 13.27 or 13.28 with 
d - (mo - Pi)/<r. 

|l/| > Ka/2 if we wish to reject when the 
true mean departs from po in either direc¬ 
tion. 

Select a value A that is a departure from fto 
we want to reject with high probatulity and 
enter Fig. 13.25 or 13.26 with d » \A\/v. 

TABLE 13.24 PERCENTAGE POINTS OF THE NORMAL DISTRIBUTION 

Level of For one-sided For two-sided 

significance tests tests 

a “ 0 05 Ko.ot “ 1.645 Ko.tu * 1.960 

a « 0.01 K,.u - 2.326 Ko.m - 2.576 

4.4.1 fcxample. A manufacturer produces a special alloy steel with an aver¬ 
age tensile strength of 125,800 psi. A change in the composition of the alloy 


is said to increase the breaking strength. A sample of 20 items of the new 
material is tested, and the average tensile strength is found to be 127,000. 
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The standard deviation of the tensile strength is known to be 300 psi. To 
decide whether to adopt the new alloy, we test the hypothesis t^t the 
breaking strength is unchanged, i.e., that the new value could have arisen 
by chance from a population with true mean of 125,800. The statistic U is 
calculated: 

^ _ Vn(?-w) _ (127.000 - 125,800) _ ^ 

ff 300 

Since we are interested in rejecting the hypothesis that the breaking strength 
is unchanged only if it is increased, we use a one-tailed test. As our observed 
value of U exceeds the critical value for the 1% level Km = 2.326, we reject 
the hypothesis and conclude that the new alloy produces greater tenrile 
strength than the old. 

In this case, we based our decision on a sample of 20 observations; the 
sample size was picked arbitrarily. However, the operating characteristic 
curves of the U test in Fig. 13.28 (for 0.01 level of significance) provide an 
objective basis for the selection of a sample size. These curves give the prob¬ 
ability of accepting the hypothesis as a function of the difference between 
the true mean and the hypothesized one, in a units, e.g., for a sample size 
of 20 the probability of accepting is about 0.10 for a difference of 0.80<r = 240. 
Ordinarily, we would use this graph before running the experiment and 
select the sample size which will have a high probability of detecting a differ¬ 
ence that is important from a practical point of view. 


FIG. 13.25 OPERATING CHARACTERISTICS OP THE 
TWO-SIDED NORMAL TEST FOR A LEVEL 
OF SIGNIFICANCE EQUAL TO 0.05. 


Reproduced by permission from "Operating Charaeter- 
Htics for the Common Statistical Tests of Signilicance" 
by Charles D. Ferris, Frank E. Giubbs, Chalmers L. 
Weaver, Annals of Mathematical Statistics, June, 1940. 
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FIG. 13.26 OPERATING CHARACTERISTICS OF THE 
TWO-SIDED NORMAL TEST FOR A LEVEL 
OF SIGNIFICANCE EQUAL TO 0.01. 


FIG. 13.27 OPERATING CHARACTERISTICS OF THE 
ONE-SIDED NORMAL TEST FOR A LEVEL 
OF SIGNIFICANCE EQUAL TO 0.05, 
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FIG. 13.28 OPiaiATINQ CHARACTERISTICS OF THE 


ONE-SIDED NORMAL TEST FOR A LEVEL 
OF SIGNIFICANCE EQUAL TO 0.01. 


4.5 TEST OF THE HYPOTHESIS THAT THE MEAN OP A NORMAL DISTRIBUTION 
HAS A SPECIFIED VALUE WHEN THE STANDARD DEVIATION IS UNKNOWN 


Notation for hypothesis 

M MO 

Rule of rejection 

t > fa;n-l if we wish to reject when the true 
mean exceeds mo. 


t < — <a;n-l if we wish to reject when the 
true mean is less than mo. 


|fl 2: ta/ 2 ;n-i if we wish to reject when the 
true mean differs from mo in either direc¬ 
tion. 


Test statistic 

t =“ (J — Mo)/s 

Rule for choosing sample sizes 

Choose a value of d = (mi — Mo)/<r* for which 
we wish to reject the null hypothesis with 
high probability and enter Fig. 13.31 or 
13.32 to find the necessary sample size. 

Choose a value of d = (mo — mO/^ for which 
we wish to reject the null hypothesis with 
high probability and enter Fig. 13.31 or 
13.32 to find the necessary sample size. 

Choose a value of d for which we 

wish to reject the null hypothesis with high 
probability and enter Fig. 13.99 or 13.30 to 
find the necessary sample size. 


The operating characteristic curve of the i test, unlike the U test, depends on the 
ratio of MO — Ml to V, although the test procedure is independent of «■, as is the level of 
significance. Usually a rough idea of the magnitude of <r is sufficient for choosing the neces¬ 
sary sample size. 
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4.5.1 Example. In the manufacture of a food product, the label states tiiai 
the box contains 10 lb. The boxes are filled by machine, and it is of interest 
to determine whether or not the machine is set properly. Previous experience 
has indicated that the standard deviation is approximately 0.05 lb, although 
this is not known precisely. The company feels that the present setting is un* 


TABLE 13.25 PEHCBNTAGE POINTS OF THE t DISTEIBUTION* 

Table of fa; v—the 100 a percentage point of the t distribution for ¥ degrees of freedom 


to(;V 



.10 

.050 

.025 

.010 

.006 

BSB 


3.078 

6.314 

12.706 

31.821 

63.657 



1.886 

2.920 

4.303 

6.965 

9.925 



1.638 

2.353 

3.182 

4<541 

5.841 



1.533 

2.132 

2.776 

3.747 

. 4.604 


5 

1.476 

2.015 

2.571 

3.365 

4.032 

5 

6 

1.440 

1.943 

2.447 

3.143 

3.707 

6 

7 

1.415 

1.895 

2.365 

2.998 

3.499 

7 

8 

1.397 

1.860 

2.306 

2.896 

3.365 

8 

9 

1.383 

1.833 

2.262 

2.821 

3.250 

9 

10 

1.372 

1.812 

2.228 

2.764 

3.169 

10 

11 

1.363 

1.796 

2.201 

2.718 

3.106 

11 

12 

1.356 

1.782 

2.179 

2.681 

3.055 

12 

13 

1.3.50 

1.771 

2.160 

2.650 

3.012 

13 

14 

1.345 

1.761 

2.145 

2.624 

2.977 

14 

15 

1.341 

1.753 

2.131 

2.602 

2.947 

15 

16 

1.337 

1.746 

2.120 

2.583 

2.921 

16 

17 

1.333 

1.740 

2.110 

2,567 

2.898 

17 

18 

1.330 

1.734 

2.101 

2.552 

2.878 

18 

19 

1.328 

1.729 

2.093 

2.539 

2.861 

19 

20 

1.325 

1.725 

2.086 

2.528 

2.845 

20 

21 

1.323 

1.721 

2.080 

2.518 

2.831 

21 

22 

1.321 

1.717 

2.074 

2.508 

2.819 

22 

23 

1.319 

1.714 

2.069 

2.600 

2.807 

23 

24 

1.318 

1.711 

2.064 

2.492 

2,797 

24 

25 

1.316 

1.708 

2.060 

2.486 

2.787 

25 

26 

1.315 

1706 

2.056 

2.479 

2.779 

26 

27 

1.314 

1.703 

2.052 

2.473 

2.771 

27 

28 

1.313 

1.701 

2.048 

2.467 

2.763 

28 

29 . 

1.311 

1.699 

2.045 

2.462 

2.766 

29 

Inf. 

1.282 

1.645 

1.960 

2.326 

2.676 

Inf. 


^ lUorodueed from J, E. Freund. Modem Elemeniaru SbUuHc* (Ncnr York: Prentioe.HnU, Ine.. IffiQ, 
TaUe II, p. S90, Control Vnluw of t. 'nUa tnbte is ebridoed froa TnUe IV of R-. A. Fiaher, Slattttieu MModtM 
R m ta r t k wtrkw$, pubtidted by Oliver A Bt^d Ltd.. Edinburgh, by penniMion of the author and puuiabeia. 
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Reproduced by perriiission from "Operating Character¬ 
istics for the Common Statistical Testa of Significance” 
by Charlee D. Ferns, Frank E. Qrubbs. Chalmers L. 
Weaver, Annalt of Mathemattcal Staluttct, June, 1940. 

FIG. 13.29 OPERATING CHARACTERISTICS OF THE 
• TWO-SIDED t TEST FOR A LEVEL OP SIG¬ 

NIFICANCE EQUAL TO 0.05. 


satisfactory if the machine fills the boxes so that the mean weight differs from 
10 lb by more than 0.1 lb. From Fig. 13.29 and d = 0.1/0.05 = 2, a sample 
size of 6 is sufficient to insure rejection with probability 0.95 if the mean 
weight differs from 10 lb by more than 0.1 lb. The data are: 9.99 lb, 9.99 lb, 
10.00 lb, 10.11 lb, 10.09 lb, 9.95 lb. 

S = 10.021667^ 



602.6229 - 602.6029 
5 


0.0040 


« = 0.0632 



<. 025:5 = 2.571 for 5 degrees of freedom 


Thus |<| < <o 26;6 SO that it is unnecessary to change the machine setting. 


* It 18 important to compute 2 to more places than appears necessary for the signifi¬ 
cance of the final result. The reason becomes clear upon looking at the qglculation of s* 
where a subtraction operation is involved. 





FIG. 13.30 OPEHATING CHARACTEBISTICS OF THE 
TWO-SIT>ED t TEST FOB A LEVEL OP SIG¬ 
NIFICANCE EQUAL TO 0.01. 
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HG. 13.31 OPEBATING CHAEACTEBISTICS OF THE 
ONE-SIDED t TEST FOB A LEVEL OF SIG¬ 
NIFICANCE EQUAL TO 0 . 05 . 
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FIO. 13.32 OPEBATIKG CHARACTEKISTICS OF THB 
ONK-SDDH) t TEST FOR A LEVEL OP SIG¬ 
NIFICANCE EQUAL TO 0 . 01 . 
















































































4.6 TEST OF HYPOTfiBSlS THAT THE VARIANCE OF A NORMAL DISTRIBimON 
HAS A SPECIFIED VALIJE 


Notation for hypothetis 

m at 

Rule of rejection 

X* > **a;n-i if we wish to reject when the 
true standard deviation exceeds vq. 


X* < if we wish to reject when 

the true standard deviation is less than ot. 


^ > XV2:n-l or X* < x»i_a/2:n-l if we 
wish to reject when the true standard de¬ 
viation differs from croW either direction. 


Tett elatistie 
X* - (n - l)s*/<ro* 

Rule for choosing sample sizes 
Select a value vi > oo for which we wish to 
reject the null hypothesis with high prob¬ 
ability. Calculate \ * ei/vo and enter Fig. 
13.35 or 13.36 to find the required sample 
size. 


Select a value < iro for which we wish to 
reject the null hypothesis with high prob¬ 
ability. Calculate X oi/oo and enter Fig. 
13.37 or 13.38 to find the required sample 
size. 


Select a value of the relative error oi/oo for 
which we wish to reject the null hypothesis 
with high probability. Enter Fig. 13.33 or 
13.34 to find the required sample size. 


Percentage points of the chi-square distribution can be found in Table 13.26. 

4.6.1 Example. The standard deviation of a dimension of standard product 
is or ■» 0.1225 in. A new product is under consideration and will be adopted 
if the variability of this dimension is not larger. The decision about variabil¬ 
ity will be based on a sample of items of the new product. If <r is as large as 
0.2450 in., we want to be quite sure to reject. From Fig. 13.36 it appears 
that a sample size of 25 will give a probability of acceptance of 0.01 for 
X ■= 0.2450/0.1225 2 if we make the test at the 1% level. A sample of 

25 items is drawn and s* is found to be 0.0384. Hence x® = (« ” l)s®/vo *= 61.4, 
which exceeds » 43.0. The new product is not adopted. 



TABLE 13.26 PERCIBNTAaB POINTS 
TAble of ^ perooitsge point of 



a 

.995 

.99 

.98 

.975 

.95 

.90 


.75 

.70 

.50 

1 

.(H393 

.0*157 

MB 

.0*982 


.0158 


.102 

.148 

.455 

2 

.0100 

.0201 

HofiSS 



.211 

.446 

.676 

.713 

1.386 

3 

.0717 

.115 

.185 

.216 

.352 

.584 

1.005 

1.213 

mKVim 

2.366 

4 

.207 

.297 

.429 

.484 

.711 

1.064 

1.649 

1.923 


3.357 

fi 

.412 

.554 

.752 

.831 

1.145 

1.610 

2.343 

2.676 

iSuU 

4.351 

6 

.676 

.872 

1.134 

lira 

1.635 

2.204 

3.070 

3.455 

3.828 

5.348 

7 

.989 

1.239 

1.564 


2.167 

2.833 

3.822 

4.255 

4.671 

6.346 

8 

1.344 

1.646 



2.733 

3.490 

4.594 

6.071 

5.527 

7.344 

V 

1.735 

2.088 

2.632 


3.325 

4.168 

5.380 

6.899 

6.393 

8.343 

10 

2.156 


3.059 

3.247 

3.940 

4.865 

6.179 

6.737 

7.267 

9.342 

11 



3.609 

3.816 

4.575 

5.578 

6.989 

7.584 

8.148 

10.341 

12 

3.074 

3.671 

4.178 

4.404 

5.226 

6.304 

7.80T 

8.438 

9.034 

11.340 

13 

3.565 


4.766 

5.009 

5.892 

7.042 

8.634 

9.299 

9.926 

12.340 

14 

4.075 

4.660 

5.368 

5.629 

6.571 

7.790 

9.467 

10.165 

10.821 

13.339 

15 

4.601 

5.229 

5.985 

6.262 

7.261 

8.547 

10.307 

11.036 

11.721 

14.339 

16 

6.142 

5.812 

6.614 

6.908 

7.962 

9.312 

11.152 

11.912 

12.624 

15.338 

17 

5.697 

6.408 

7.255 

7.564 

8.672 

10.085 

12.002 

12.792 

13.531 

16.338 

18 

6.265 

7.015 

7.906 

8.231 

9.390 

10.865 

12.857 

13.675 

14.440 

17.338 

19 

6.844 

7.633 

8.667 

8.907 

10.117 

11.651 

13.n6 

14.562 

15.352 

18.338 

20 

7.434 

8.200 

9.237 

9.591 

10.851 

12.443 

14.578 

15.452 

16.266 

19.337 

21 

8.034 

8.897 

9.915 


11.691 

13.240 

15.445 

16.344 

17.182 


22 

8.643 

9.542 

10.600 


12.338 

14.041 

16.314 

17.240 

18.101 


23 

9.260 

10.196 

11.293 


13.091 

14.848 

17.187 

18.137 

19.021 

22.337 

24 

9.886 

10.856 

11.992 

12.401 

13.848 

15.669 

18.062 

19.037 

19.943 


25 

10.520 

11.524 

12.697 

13.120 

14.611 

16.473 

18.940 

19.939 

20.867 

24.337 

26 

11.160 

12.198 

13.409 

13.844 

15.379 

17.292 

19.820 

20.843 

21.792 

25.336 

27 

11.808 

12.879 

14.125 

14.673 

16.151 

18.114 

20.703 

21.749 

22.719 

26.336 

28 

12.461 

13.565 

14.847 

15.308 

16.928 

18.939 

21.588 

22.657 

23.647 

27.336 

29 

13.121 

14.256 

15.574 

16.047 

17.708 

19.768 

22.475 

23.667 

24.577 

28.336 

jjjgJII 

13.787 

14.953 

16.306 

16.791 

18.493 

20.599 

23.364 

24.478 

25.508 

29.336 


For voluw of r > 30, hppioziixiote values for x’ be obtained from the expression r 
where ~ is the normal deviate cutting off the corresponding tiuis of a normal distribution. If - is taken at the 

0 9 

0.03 levsl, so that 0.01 of the normal distribution is in each tail, the expression yields x* et the 0.90 and 0.01 
























OF THE X® 30ISTE1BUTION 

X* distribution for v degrees of freedom 



.25 

.20 

.10 

.06 

.026 

.02 

.01 

.005 

.001 

a^0^ 

1.074 

1.323 

1.642 

2.706 


5.024 

5.412 

6.635 

7.879 

10.827 

1 

2.408 

2.773 

3.219 

4.605 


7.378 

7.824 

9.210 

10.697 

13.816 

2 

3.665 

4.108 

4.642 

6.251 


9.348 

9.837 

11.346 

12.838 

16.268 

3 

4.878 

5.385 

5.989 

7.779 

9.488 

11.143 

11.668 

13.277 

14.860 

18.465 

4 

6.064 

6.626 

7.289 

9.236 

11.070 

12.832 

13.388 

15.086 

16.760 

20.617 

5 

7.231 

7.841 

8.558 

10.645 

12.592 

14.449 

15.033 

16.812 

18.548 

22.467 

6 

8.383 

9.037 

9.803 

12.017 

14.067 

16.013 

16.622 

18.475 

20.278 

24.322 

7 

9.624 

10.219 

11.030 

13.362 

16.607 

17.636 

18.168 

20.090 

21.955 

26.126 

8 

10.666 

11.389 

12.242 

14.684 

16.919 

19.023 

19.679 

21.666 

23.589 

27.877 

9 

11.781 

12.549 

13.442 

16.987 

18.307 

20.483 

21.161 

23.209 

25.188 

29.588 

10 

12.899 

13.701 

14.631 

17.275 

19.676 

21.920 

22.618 

24.725 

26.767 

31.264 

11 

14.011 

14.845 

15.812 

ie.549 

21.026 

23.337 

24.054 

26.217 

28.300 

32.909 

12 

15.119 

15.984 

16.985 

19.812 

22.362 

24.736 

25.472 

27.688 

29.819 

34.528 

13 

16.222 

17.117 

18.151 

21.064 

23.686 

26.119 

26.873 

29.141 

31.319 

36.123 

14 

17.322 

18.246 

19.311 

22.307 

24.996 

27.488 

28.259 

30.578 

32.801 

37.697 

15 

18.418 

19.369 

20.465 

23.542 

26.296 

28.846 

29.633 

32.000 

34.267 

39.252 

16 

19.511 

20.489 

21.615 

24.769 

27.587 

30.191 

30.996 

33.409 

35.718 

40.790 

17 

20.601 

21.606 

22.760 

25.989 

28.869 

31.626 

32.346 

34.805 

37.156 

42.312 

18 

21.689 

22.718 

23.900 

27.204 

30.144 

32.852 

33.687 

36.191 

38.582 

43.820 

19 

22.775 

23.828 

25.038 

28.412 

31.410 

34.170 

35.0!M 

37.566 

39.997 

45.315 

20 

23.858 

24.935 

26.171 

29.615 

32.671 

35.479 

36.343 

38.932 

41.401 

46.797 

21 

24.939 

26.039 

27.301 

30.813 

33.924 

36.781 

37.6^9 

40.289 

42.796 

48.268 

22 

26.018 

27.141 

28.429 

32.007 

35.172 

38.076 

38.968 

41.638 

44.181 

49.728 

23 

27.096 

28.241 

29.653 

33.196 

36.415 

39.364 

40,270 

42.980 

45.558 

51.179 

24 

28.172 

29.339 

30.675 

34.382 

37.652 

40.646 

41.566 

44.314 

46.928 

52.620 

26 

29.246 

30.434 

31.795 

35.563 

38.885 

41.923 

42.856 

45.642 

48.290 

64.052 

26 

30.319 

31.528 

32.912 

36.741 

40.113 

43.194 

44.140 

46.963 

49.645 

55.476 

27 

31.391 

32.620 

34.027 

37.916 

41.337 

44.461 

45.419 

48.278 

60.993 

56.893 

28 

32.461 

33.711 

35.139 

39.087 

42,657 

46.722 

46.693 

49.588 

52.336 

58.302 

29 

33.530 

34.800 

36.250 

40.256 

43.773 

46.979 

47.962 

50.892 

63.672 

59.703 

30 


paintB. For very large values of », it is su ffioieptl y accurate to compute the distribution of which is 

approximately normal around a mean of — 1 and with a standard deviation of 1. . _ _. . 

Tfaia table is taken by consent from Statxstieal Tablet for Btologtcal, AoncuUural, ami Medical Reeemm.m 
R. A. Fisher and F. Yates, published by Oliver and Boyd, Edinburgh, and from Biometrilm, Vol. XXaIu 
Part II, October 1941, pp. 187-191, “Table of Percentage Points of the x* DistributiM.” by Ca^nne M. 
Thompson. Reproduce m Croxton Blementari/ Statiattcii with Applicatione in Afeateine, Appendix VI, pp. 
328-329, Values of x*. 
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Reproduced by permission from "Operating Character¬ 
istics for the Common Statistical Tests of Significance" 
by Charles D. Ferns, Frank E. Grubbs, Chalmers L. 
Weaver, AnnaU ol Mathematical S(a(u(tcs, JunS, 1946. 

FIG. 13.35 OPERATING CHARACTERISTICS OP THE 
ONE-SIDED (upper TAIL) CHI-SQUARE 
TEST FOR A LEVEL OF SIGNIFICANCE 
EQUAL TO 0.05. 


FIG. 13.36 OPERATING CHARACTERISTICS OF THE 
ONE-SIDED .(upper TAIL) CHI-SQUARE 
TEST FOR A LEVEL OF SIGNIFICANCE 
EQUAL TO 0.01. 









PROBABILITY OF ACCEPTING H 
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Reproduced by permission from "Operating Character¬ 
istics for the Common Statistical Tests of Significance" 
by Charles D. Ferris. Frank £. Grubbs, Chalmers L. 
Weaver, Annals of Mathematical Siattsttcs, June, 19M. 

PIG. 13.37 OPERATING CHARACTERISTICS OF THE 
ONE-SIDED (lower TAIL) CHI-SQLARE 
TEST FOR A LEVEL OF SIGNIFICANCE 
EQUAL TO 0.05. 

FIG. 13.38 OPERATING CHARACTERISTICS OF THE 
ONE-SIDED (lower TAIL) CHI-SQUARE 
TEST FOR A LEVEL OF SIGNIFICANCE 
EQUAL TO 0.01. 





. 4.7 TEST OF THE HYPOTHESIS THAT THE MEANS OP TWO NORMAL DISTRIBU¬ 
TIONS ABE EQUAL WHEN BOTH STANDARD DEVIATIONS ABE KNOWN 


Notation for hypothesis 

Rule of rejection 

V > Ku if we wish to reject when > mv- 

Test statistic 

U ~ it- g)/Vff.Vn* + V/n, 

Rule for choosing sample sizes, assuming 
n^ ^ Uy ^ n 

Select a value m* — #*» > 0 for which we want 
to reject the null hypothesis with high 
probability. Calculate* d <- 0*» — ity)/ 
^ v«* + oy* and select n from the OC 
curve of Fig. 13.27 or 13.28. 

U < — Kt, if we wish to reject when it, < 

M*- 

Select a value it, — /uy < 0 for which we want 
to reject the null hypothesis with high 
probability. Calculate* d »• — ft*)/ 

V + vy* and select n from tiie OC 
curve of Fig. 13.27 or 13.28. 

|(7| > Ka /2 if we wish to reject when the 
true difference in means is either positive 
or negative. ^ 

i 

Select a value Imx — juy| > 0 f( 
want to reject the null hypothc 

probability. Calculate* d >■ 

and select n from the OC curve 
or 13.26. 

jr which we 
isis with hi^ 

S* — My 

v; 

of Fig. 13.25 


^ Id order to find the required sample size for the OC curves given, it is necessary to 
choose n » nx n ny. However, if n. and n, are fixed in advance, n, riy, the resulting 
protection using the above rule can be obtained by entering the curves using d and 
« “ + V|i*)/[(v*Vn«) + (»„*/«»)]• 


TABLE 13.24 PERCENTAGE POINTS OP THE NORMAL DISTRIBUTION 


Level of 
significance 

a “ 0.05 
a - 0.01 


For one-sided 
teats 

Ket-M 1.645 
K.n - 2.326 


For two-sided 
testa 
- 1.960 
K.m -> 2.576 


Example. There is evidence that surface finish has an effect on the endurance 
limit (reversed bending) of steel. An experiment is performed on 0.4% carbon 
steel, using both unpolished and polished smooth-turned specimens. The 
finish on the smooth-turned polished specimens was obtained by polishing 
with No. 0 and 00 emery cloth. 

For 0.4% carbon steel, it has been estimated that an average increase in 
the endurance limit of approximately 7500 psi should be detected on the 
polished specimens. Furthermore, polishing should not have any effect on the 
standard deviation of the endurance limit, which is known from the perform¬ 
ance of numerous endurance limit experiments to be 4000 psi. From Fig. 13.28 
(1% level of significance) with d « 7500/V(4000)* -f- (4000)* = 1.33, we find 
that about eight observations on each group of specimens are required to 
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have a probability of 0.9 of detecting a difference as large as 7500 psi. The 
data is as follows: 


Endurance limit for 
Ijolished 0.4% carbon 
steel («} 

86.500 

91.900 
89,400 
84,000 

89.900 
78,700 

87.500 
83,100 

t - 86,375 

6537 

v'(4000)V8 + (4000)V8 


Endurance limit for 
unpolished 0.4% carbon 
steel (y) 

82,600 

82.400 
81,700 
79,600 

79.400 
69,800 
79,900 

83.400 
0 - 79,838 

3.27; K.n - 


Hence we. reject the hypothesis at the 1% significance level that surface 
polish has no effect on the endurance limit, and conclude that polished 0.4% 
carbon steel specimens have a higher mean endurance limit than unpolished 
ones. 


4.8 TEST OF THE HYPOTHESIS THAT THE MEANS OF TWO NORMAL DISTRIBU¬ 
TIONS ABE EQUAL ASSUMING THAT THE STANDARD DEVIATIONS ARB 
UNKNOWN BUT EQUAL*; TWO-SAMPLE t TEST 


Notation for the hypothetie 


Rttle of rejection 

t ^ tainm+n,-a if we wish to reject when 
Mm > 


t < —if we wish to reject when 
Mm < Mm- 


t<l > fa/ 2 ;n.+n ,-2 if we wish to reject when¬ 
ever /ts is not equal to 


Teat atatiatic 


t - — . — ; — -f- T _ 

I ± JT. - *)* + E (y.- - g)* 

n* (fi, + n* — 2) 

Rule for choosing aample size assuming 

II* fty * II* 

The OC curve depends on d — (m. — m»)I^’ 
Estimate that value of d for which we want 
to be sure to reject the hyirathesis and pick 
n' from Fig. 13.31 or 13.32. The required 
sample sue is (n' + l)/2. 


Estimate the d = (a» — M»)/2«r for which we 
want to be sure to reject, and pick n' from 
Fig. 13.31 or 13.32. The required sample 
size is in' -f l)/2. 


Estimate the d « Km* “ Mw)/2v| for which 
we want to be sure to reject, and pick n' 
from Fig. 13.29 or 13.30. The requir^ sam¬ 
ple size is in' + l)/2. 


Example. A manufacturer of electric irons produces these items in two 
plants. Both plants have the same suppliers of small parts. A saving can be 
made by purchasing thermostats for plant B from a local supplier. A eangle 
lot was purchas^ /rom the local supplier and it was desired to test whether 

* A test for equality of standard deviations is givmi in Art. 4.10. 
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or not these new thermostats were as accurate as the old. It was decided to 
test the irons on the 550** F setting, and the actual temperatures were to be 
read to the nearest 0.1® with a thermocouple- With the old supplier, very 
few complaints were received, and the manufacturer feels that the switch 
should not be made if the average temperature changes by more than 10.5®. 
The order of magnitude of the standard deviation is roughly 10® for the old 
supplier, and there is no reason to suspect that it will be different for the new 
supplier. For d = 10.5/(2 X 10) = 0.525, and from Fig. 13.29, n' = 45, 
corresponding to a probability of 0.9 of detecting a change of 10.5® or more. 
Hence n = 23. The data are: 


New supplier x (degrees F) 


530.3 

559.1 

659.3 

555.0 

549.4 

538.6 

644.0 

651.1 

651.7 

665.4 

566.3 

554.9 

549.9 

550.0 

556.9 

554.9 

536.7 

544.7 

558.8* 

536.1 

638.8 

569.1 

543.3 

M 

11 

12,684.3 


X = 551.491304 


L a:* = 6,997,436.07 
L (x. -xy = i: 


Old supplier y (degrees F) 


669.7 

564.6 

534.7 

554.5 

554.8 

553.0 

645.0 

538.4 

544.6 

548.3 

538.0 

652.9 

550.7 

635.1 

563.1 

565.0 

551.1 

544.8 

553.8 

558.4 

538.8 

648.7 


560.3 


'Ey = 12,648.3 
y = 549.926086 
Ey^ = 6,957,333.23 


X? - nx® = 2,154.930 
E (?/. -yy=^T. yf - nf = i,703.i30 


E (X. -xy + E (?/» - yy ^ 3858.06 
rii + 712 ~ 2 44 


87.68318 


\t\ 


551.491304 - 549.926086 
V87.68318 


= 0.567 < 4/2 = 2.02 


Therefore we accept the hypothesis at the 5% level of significance that there 
is no difference in the mean temperatures of the two suppliers. 

4.8.1 Procedure based on correlated samples. An important special case of 
the t test arises when the observations are “paired”; each pair being taken 
under the same experimental conditions, with the conditions varying from 
pair to pair. In this case, the test is made on the differences of the observa¬ 
tions, and is carried out as a one sample problem, testing the hypothesis 
that the mean of the difference is zero according to the procedure of Art. 4.5, 
where the observations now consist of the differences. 

Example. A research laboratory is embarking on an experime'ht to deter¬ 
mine whether or not outside temperature has any effect on the accuracy of 
a Bourdon gage. The experiment consists of placing the gage in a steam line 
which is completely insulated from room temperature. The line passes through 
two adjacent rooms. One room always remains at 32® F, whereas the tempera¬ 
ture in the other can be varied. Since there is a time lag in changing the 
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temperature of the controlled room, it is likely that the steam pressure will 
fluctuate during this time interval. Conroquently, no effort is made to main¬ 
tain the same pressure for a period of time. It can be assumed that the pres¬ 
sure is the same at the stations in each room and will be kept at approxi¬ 
mately 60 psi. The experiment should be designed such that a difference as 
great as 0.75 psi should be picked up with high probability, say 0.9. The order 
of magnitude of the standard deviation is 0.4 psi. This is obtained as follows: 
The manufacturer usually specifies that these gages are good to ±2%. If we 
interpret this to mean that most of the observations will lie between ±2% of 
the true value, and in particular, if “most” means 0.9987, we have true value 
±2% = true value rfc 3<r. If the true value is near 60 psi, we have 3<r — 1.2 
or (T = 0.4. Hence the standard deviation of the differences is (v/2) (0.4) = 0.57. 
It must be emphasized that this is just an estimate of the order of magnitude 
of the standard deviation and should be used only for determining sample 
size. Referring to Fig. 13.29, d = (0.75)/(v''2)(0.4) = 1.3, so that eight 
observations are required. The data are: 


Pressure read at 
room temp. « 32“ 

X 

Pressure read at 
other room temp. 

y 

% — y 

• (x - y)» 

60.3 

61.0 

-0.7 

0.49 

59.9 

60.0 

-0.1 

0.01 

59.5 

60.9 

-1.4 

1.96 

58.5 

58.2 

0.3 

0.09 

59.6 

59.9 

-0.3 

0.09 

59.0 

60.4 

-1.4 

1.96 

60.1 

59.6 

0.5 

0.25 

59.4 

59.9 

-0.5 

0.25 


5.10 - 8(0.450)^ „ 

--- (] 

8 = 0.70.5; |<1 = 


0.497; L (* - 2/) = 

-0.45Vs ^ 1.40C 
0.705 0.705 


-3.6; L - VY =■■ 5.10 
= 1.99 < t„/2 = 2.365 


Therefore the data do not reveal any significant difference between gauge 
readings when the temperature changes. 

4.9 TEST OF THE HYPOTHESIS THAT THE MEANS OF TWO NORMAL DISTRIBU¬ 
TIONS ARE EQUAL WHEN THE STANDARD DEVIATIONS ARE UNKNOWN AND 
NOT NECESSARILY EQUAL 


Notation for the hypotkesia 


Test statistic 




■ -i.-i .... 


Ride of rejection Formula for obtaining the degrees of freedom v 

t' > tm;t if we 5riBh to reject when uz > uy _„ 


„ ___ 2 

(«.*/»».)»/(«. +1) + (V/n,)*/(«* +1) 


t' < —ta:tii we wish to reject when u* < 


h ta/i;w a we wish to reject whenever 
fig is not equal to 
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Example. A manufacturer of automobile crankshafts was troubled with the 
problem of bend in the final shaft. Bend may be caused by the length and 
weight of the shaft, by improper setup of machine tools, by the heat treating 
process, or by some combination of these causes. It is suspected that nitriding 
the shaft, i.e., the process that hardens the surface of the shaft by a heat 
and nitrous oxide reaction with the steel, is the main cause for bend. Twenty- 
five shafts were measured before nitriding at the front main center journal 
by a dial indicator gauge accurate to the 0.0001 in. Similarly, another 25 shafts 
were measured at the same spot after the nitriding operation. It cannot be 
assumed that the variability in the bend is the same before and after nitriding. 
We test the hypothesis that the mean value of the bend is the same before 
and after nitriding, wishing to reject if the average bend aftei uitriding is 
larger. Denoting by x the values before nitriding and by y the values after 
nitriding, the following results were obtained: 


25 


E 


a; = 203 X 10-< 


J = 0.0008120 • 



= 2,933 X 10"* 


s 


2 

X 


2,933 X 10-* - 25(0.0008120)* 
24 


25 

5] y = 453 X 10-* 
y = 0.001812 

25 

J^y^= 14,362 X 10-« 

t-i 


14,362 X lQ-» - 25(0.001812)» 
24 


= 53.5 X 10-8 


- = 2.14 X 10-8 
n. 


= 256 X 10-8 


^ = 10.24 X 10-8 

Tly 


[(2.14)10-8 + (10.24) 10-8p 
“ (2.14)8(10-»«)/26 + (10.24)8(10-“)/26 

ff _ 0 0008120 - 0.001812 _ 0.001 

V(2.14)10-8 + (10.24)10-8 (3.52)10-8 

^.05:34 = 1-69 


Since < ta-,v we reject the hypothesis that at the 5% significance level the 
means are the same before and after nitriding, and we conclude that the 
average bend is larger after nitriding. 



4.10 TEST OF THB'HlffOTHESIS THAT THB VABIAHCBS OF TWO NOmtfAL DXSTBI- 


BUTIONS ABS KHJAL 

ffotaiion for the kypotheaia 

Teei statMic 

Vg* or Om ■■ Og 

„ IT. (xi - *)»]/(«. - 1) «.» 

[£ (y* - »)*]/(«* “ 1) *9* 

Rule of rejection 

F > if we wish to reject when 

> Oy. 

The notation x and y is arbitrary in a one¬ 
sided test; let x be the symbol for the 
variable with possible larger variance. 

Rule for choosing sample sites 

TheOC curve depends on and rt,and 

riy. The OC curve for n, =- n, n is given 
in Fig. 13.41 and 13.42. Pick a X for which 
we want to reject and choose n such that 
the probability of accepting for that X is 
sufficiently small. 

In a two-sided test, let Sx* be the larger sam¬ 
ple variance. Reject if F > Fa/2;n,-i,n,-|. 

The OC curve depends on X » ox/oy and is 
given in Fig. 13.39 and 13.40 for the case 
n* ■> n» -« n. Pick the n for a specified X 
such that the probability of accepting is 
sufficiently small. 


Percentage points of the F distribution may be found ir. Table 13.27. 

Example. The standard deviation of a particular dimension of a metal 
component is small enough so that it is satisfactory in subsequent assembly; 
a new supplier of metal plate is under consideration and will be preferred if 
the standard deviation of his product is not larger as the cost of his product 
is lower than that of the present supplier. From Fig. 13.41, it is decided to 
base this decision on a sample of 100 items from each supplier, since it is desired 
to insure that the probability of switching to the new product is less than 
0.02 if X > 1.5; data on dimensions are relatively easy to obtain, and small 
numbers of observations give relatively little protection against erroneous 
decisions. The following data are obtained: 


New supplier: s* = 0.00041 

Current supplier: s* = 0.00057 


_ (0.00041) 
(0.00057) 


< F.05jW,98 


Since the value of F does not exceed F.o 6 :m, 99 , the hypothesis of equality of 
variances is adopted. 
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TABLE) 13.27 10 PESOEKTACOS POINT OF THE F DISTBXBimON* 
Table of F.ios«.w 



1 

2 

8 

4 

5 

Degrees of freedom for the numerator (n) 

6 7 8 9 10 15 20 30 

60 

100 

200 

600 

m 


1 

39.9 

49.5 53.6 

55.8 

57.2 

58.2 

58.9 

59.4' 

59.9 

60.2 

61.2 

61.7 

62.3 

62.7 

63.0 

63.2 

83.3 

63.3 


3 

8.53 

9.00 

9.16 

9.24 

9.29 

9.33 

9.35 9.37 

9.38 

9.39 

9.42 

9.44 

9.46 

6.47 

9.48 

9.49 

9.49 

9.49 


8 

5.54 

5.46 

5.39 

5.34 

5.31 

5.28 

5.27 

5.25 

5.24 

5.23 

5.20 

5.18 

5.17 

5.15 

5.14 

6.14 

5.14 

5.13 


4 

4.54 

4.32 

4.19 

4.11 

4.05 

4.01 

3.98 

3.95 

3.94 

3.92 

3.87 

3.84 

3.82 

3.80 

3.78 

3.77 

3.76 

3.76 


5 

4.06 

3.78 8.62 

3.52 

3.45 

3.40 

3.37 

3.34 

3.32 

3.30 

3.24 

3.21 

3.17 

3.16 

3.13 

3.12 

3.11 

3.10 


6 

3.78 

3.46 

3.29 

3.18 

3.11 

3.05 

3.01 

2.98 

2.96 

2.94 

2.87 

2.84 

2.80 

2.77 

2.75 

2.73 

2.73 

2.72 


7 

3.59 

3.26 

3.07 

2.96 

2.88 

2.83 

2.78 

2.75 

2.7,2 

2.70 

2.63 

2.59 

2.56 

2.52 

2.50 

2.48 

2.48 

2.47 


8 

3.46 3.11 

2.92 

2.81 

2-73 

2.67 

2.62 

2.59 

2.56 

2.54 

2.46 

2.42 

2.38 

2.35 

2.32 

2.31 

2.30 

2.29 


9 

3.36 

3.01 

2.81 

2.69 

2.61 

2.55 

2.51 

2.47 

2.44 

2.42 

2.34 

2.30 

2.25 

2.22 

2.19 

2.17 

2.17 

2.16 

2 

10 

3.28 

2.92 

2.7.3 

2.61 

2.52 

2.46 

2.41 

2.38 

2.35 

2.32 

2.24 

2.20 

2.16 

2.12 

2.09 

2.07 

2.06 

2J)e 

1 

11 

3.23 

2.86 

2.66 

2.54 

2.45 

2.39 

2.34 

2.30 

2.27 

2.25 

2.17 

2.12 

2.08 

2.04 

2.00 

1.99 

1.98 

1.97 

3 

•g 

12 

3.18 

2.81 

2.61 

2.48 

2.39 

2.33 

2.28 

2.24 

2.21 

2.19 

2.10 

2.06 

2.01 

1.97 

1.91 

1.92 

1.91 

1.90 

13 

3.14 

2.76 

2.56 

2.43 

2.35 

2.28 

2.23 

2.20 

2.16 

2.14 

2.05 

2.01 

1.96 

1.92 

1.88 

1.86 

1.86 

IJB6 

I 

14 

3.10 

2.73 

2.52 

2.39 

2.31 

2.24 

2.19 

2.15 

2.12 

2.10 

2.01 

1.66 

1.91 

1.87 

1.83 

1.82 

1.80 

1.80 

•S 

IS 

3.07 

2.70 

2.49 

2.36 

2.27 

2.21 

2.16 

2.12 

2.09 

2.06 

1.97 

1.92 

1.87 

1.83 

1.79 

1.77 

1.76 

1.76 

1 

16 

3.05 

2.67 

2.46 

2.33 

2.24 

2.18 

2.13 

2.09 

2.06 

2.03 

1.94 

1.89 

1.84 

1.79 

1.76 

1.74 

1.73 

1.72 

As 

17 

3.03 

2.64 

2.44 

2.31 

2.22 

2.15 

2.10 

2.06 

2.03 

2.00 

1.91 

1.86 

1.81 

1.76 

1.73 

1.71 

1.69 

1.69 

•m 

18 

3.01 

2.62 

2.42 

2.29 

2.20 

2.13 

2.08 

2.04 

2.00 

1.98 

1.89 

1.84 

1.78 

1.74 

1.70 

1.68 

1.67 

1.66 

S 

19 

2.99 

2.61 

2.40 

2.27 

2.18 

2.11 

2.06 

2.02 

1.98 

1.66 

1.86 

1.81 

1.76 

1.71 

1.67 

1.65 

1.64 

1.63 

1 

20 

2.97 

2.59 

2.38 

2.25 

2.16 

2.00 

2.04 

2.00 

1.96 

1.94 

1.84 

1.79 

1.74 

1.69 

1.65 

1.63 

1.62 

1.61 

be 

«*« 

22 

2.95 

2.56 

2.35*2.22 

2.13 

2.06 

2.01 

1.97 

1.93 

1.90 

1.81 

1.76 

1.70 

1.65 

1.61 

1.59 

1.58 

1.67 

o 

24 

2.93 

2.54 

2.33 

2.19 

2.10 

2.04 

1.98 

1.94 

1.91 

1.88 

1.78 

1.73 

1.67 

1.62 

1.58 

1.56 

1.54 

1.53 

1 

26 

2.91 

2.52 

2.31 

2.17 

2.08 

2.01 

1.96 

1.92 

1.88 

1.86 

1.76 

1.71 

1.65 

1.59 

1.55 

1.53 

1.51 

1.60 


28 

2.89 

2.50 

2.29 

2.16 

2.06 

2.00 

1.94 

1.90 

1.87 

1.84 

1.74 

1.69 

1.63 

1.57 

1.53 

1.50 

1.49 

1.48 

o 

30 

2.88 

2.49 

2.28 

2.14 

2.05 

1.98 

1.93 

1.88 

1.85 

1.82 

1.72 

1.67 

1.61 

1.55 

1.51 

1.48 

1.47 

1.46 


40 

2.84 

2.44 

2.23 

2.09 

2.00 

1.93 

1.87 

1.83 

1.79 

1.76 

1.66 

1.61 

1.54 

1.48 

1.43 

1.41 

1.39 

1.38 


50 

2.81 

2.41 

2.20 

2.06 

197 

1.90 

1.84 

1.80 

1.76 

1.73 

1.63 

1.57 

1.50 

1.44 

1.39 

1.36 

1.34 

1.33 


60 

2.79 

2.39 

2.18 

2.04 

1.95 

1.87 

1.82 

1.77 

1.74 

1.71 

1.60 

1.54 

1.48 

1.41 

1.36 

1.33 

1.31 

1.29 


80 

2.77 

2.37 

2.15 

2.02 

1.92 

1.85 

1.79 

1.75 

1.71 

1.68 

1.57 

l.SI 

1.44 

1.38 

1.32 

1 28 

1.26 

1.24 


100 

2.76 

2.36 

2.14 

2.00 

1.91 

1.83 

1.78 

1.73 

1.70 

1.66 

1.56 

1.49 

1.42 

1.35 

1.29 

1.28 

1.23 

1.21 


200 

2.73 

2.33 

2.11 

1.97 

1.88 

1.80 

1.75 

1.70 

1.66 

1.63 

1.52 

1.46 

1.38 

1.31 

1.24 

1.20 

1.17 

1.14 


500 

2.72 

2.31 

2.10 

1.96 

1.86 

1.79 

1.73 

1.68 

1.64 

1.61 

1.50 

1.44 

1.36 

I.2S 

1.21 

1.16 

1.12 

1.09 


m 

2.71 

2.30 

2.08 

1.94 

1.85 

1.77 

1.72 

1.67 

1.63 

1.60 

1.49 

1.42 

1.34 

1.26 

1.18 

1.13 

1.03 

1.00 


Example: P|F.it;i,» < 2.00] •• 90%. 

Example: “ 1/F.ia:»4 1/2.42 <• 0.413. 


Approximate formula for n and w larger than 30: logit ^ —;===== 

* * V fc - 0.77 

wherei-|-(^ + ^)- 


At This table U abridged from Staliatieal Tablet and Formulat, by A. Hald, published by John Wilw A 
Sons, Inc., a major part of which has been abridged from “Tables of Peroentage Points of the Inverted Beta 
(F) Distribution.” computed by M. Merrington and C. M. Thompson, Bromelnka Vol. 33, 1943, 73-^, by 
permission of the proprietors, or reproduced from Table V of R. A. Fisher and F. Yates: Sfatiitiaal Tablet, 
Oliver and Boyd, Edinburgh, by permission of the authors and the publishers. 
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TABLE 13.27 {Continued) 5 percentage 

Table of 


Deereee of freedom for the numerator (n) 



1 2 

3 

4 

5 

6 7 

8 

9 

10 

11 

12 

13 

14 

15 

18 

17 

18 


1 

161 200 

216 

223 

230 

234 237 

239 

241 

242 

243 

244 

245 

245 

246 

246 

247 

247 


2 

18.5 19.0 

19.2 

19.2 

19.3 

19.3 19.4 

19.4 

19.4 

19.4 

19.4 

19.4 

19.4 

19.4 

19.4 

19.4 

19.4 

19.4 


3 

10.1 9.55 

9.28 9.12 9.01 

8.94 8.89 

8.85 

8.81 

8.79 

8.76 

8.74 

8.73 8.71 

8.70 

8.69 

8.68 8.67 


4 

7.71 6.94 

6.59 

6.39 

6.26 

6.16 6.09 

6.04 

6.00 

5.96 

5.94 

5.91 

5.89 

6.87 

5.86 

5.84 

5.83 

5.82 


6 

6.61 5.79 

5.41 

5.19 

5.05 

4.95 4.88 4.82 4.77 

4.74 

4.70 4.68 4.66 4.64 

4.62 

4.60 

4.59 4.58 


0 

5.99 5.14 

4.76 

4..33 

4.39 

4.28 4.21 

4.15 4.10 4.06 

4.03 4.00 3.98 3.96 

3.94 

3.92 

3.91 

3.90 


7 

5.59 4.74 

4.33 

4.12 3.97 

3.87 3.79 

3.73 

3.68 

3.64 

3.60 3.57 3.55 

3.53 

3.51 

3.49 

3.48 3.47 


8 

5.32 4.46 

4.07 

3.84 

3.69 

3.58 3.50 

3.44 

3.39 

3.35 

3.31 

3.28 

3.26 

3.24 

3.22 

3.20 

3.19 3.17 


0 

5.12 4.26 

3.86 

3.63 

3.48 

3.37 3.29 

3.23 

3.18 

3.14 

3.10 3.07 

3.05 

3.03 

3.01 

2.99 

2.97 

2.96 


10 

4.96 4.10 

3.71 

3.48 3.33 

3.22 3.14 3.07 

3.02 

2.98 

2.94 

2.91 

2.89 

2.86 

2.85 

2.83 

2.81 

2.80 


11 

4.84 3.98 

3.59 

3.36 

3.20 

3.09 3.01 

2.95 

2.90 2.85 

2.82 

2.79 

2.76 

2.74 

2.72 

2.70 

2.69 

2.67 


12 

4.75 3.89 

3.49 3.26 

3.11 

3.00 2.9x 

2.85 2.80 

2.75 

2.72 

2.69 

2.66 

2.64 

2.62 

2.60 

2.68 2.67 


13 

4.67 3.81 

3.41 

3.18 3.03 

2.92 2.83 2.77 

2.71 

2.67 

2.63 

2.60 2.58 

2.55 

2.53 

2.51 

2.50 2.48 


14 

4.60 3.74 

3.34 

3.11 

2.96 

2.83 2.76 2.70 

2.65 

2 60 

2.57 

2.53 

2.51 

2.48 

2.46 

2.44 

2.43 

2.41 


16 

4.54 3.68 3.29 

3.06 

2.90 

2.79 2.71 

2.64 

2.59 

2.54 

2.51 

2.48 

2.45 

2.42 

2.40 

2.38 

2.37 

2.35 


le 

4.49 3.63 3.24 

3.01 

2.85 

2.74 2.66 

2.59 

2.54 

2.49 

2.46 

2.42 

2.40 2.37 

2.35 

2.33 

2.32 2.30 


17 

4.45 3.59 

3.20 

2.96 

2.81 

2.70 2.61 

2.55 

2.49 

2.45 

2.41 

2.38 

2.35 

2.33 

2.31 

2.29 

2.27 

2.26 


18 

4.41 3.55 

3.16 

2.93 

2.77 

2.66 2.58 

2.51 

2.46 

2.41 

2.37 

2.34 

2.31 

2.29 

2.27 

2.25 

2.23 

2.22 


19 

4.38 3.52 

3.13 

2.90 

2.74 

2.63 2.54 

2.48 

2.42 

2.38 

2.34 

2.31 

2.28 

2.26 

2.23 

2.21 

2.20 

2.18 

'Tf 

20 

4.36 3.49 

3.10 

2.87 

2.71 

2.60 2.51 

2.45 

2.39 

2.35 

2.31 

2.28 

2.25 

2.22 

2.20 

2.18 

2.17 

2.15 

K 

21 

4.32 3.47 3.07 2.84 

2.68 

2.57 2.49 

2.42 

2.37 

2.32 

2.28 

2.25 

2.22 

2.20 

2.18 

2.16 

2.14 

2.12 

S 

22 

4.30 3.44 

3.05 

2.82 

2.66 

2.55 2.46 

2.40 

2.34 

2..30 

2 26 

2.23 

2 20 

2.17 

2.15 

2.13 

2.11 

2.10 

m 

a 

23 

4.28 3.42 

3.03 

2.80 

2.64 

2.53 2.44 

2.37 

2 32 

2,27 

2.23 

2.20 

2.18 

2.15 

2.13 

2.11 

2.09 

2.07 

•g 

24 

4.26 3.40 

3.01 

2.78 

2.62 

2.51 2.42 

2.36 

2.30 

2.25 

2.21 

2.18 

2.15 

2.13 

2.11 

2.09 

2.07 

2.05 

o 

a 

25 

4.24 3.39 

2.99 

2.76 

2.80 

2.40 2.40 

2.34 

2.28 

2.24 

2.20 

2.16 

2.14 

2.11 

2.09 

2.07 

2.05 2.04 

■S 

26 

4.23 3.37 

2.98 

2.74 

2.59 

2.47 2.39 

2.32 

2.27 

2.22 

2.18 2.15 

2.12 

2.09 

2.07 

2.05 

2.03 2.02 


27 

4.21 3.35 

2.96 

2.73 

2.57 

2.46 2.37 

2.31 

2.25 

2.20 

2.17 

2.13 

2.10 

2.08 

2.06 

2.04 

2.02 

2.00 


28 

4.20 3.34 

2.95 

2.71 

2.56 

2.45 2.36 

2.29 

2.24 

2.19 

2.15 

2.12 

2.09 

2.06 

2 04 

2.02 

200 

1.99 


29 

4.18 3.33 

2.93 

2.70 

2.55 

2.43 2.35 

2.28 

2.22 

2.18 

2.14 

2.10 

2.08 2.05 

2.03 

2.01 

1.99 

1.97 

S 

o 

"O 

30 

4.17 3.32 

2.92 

2.69 

2.53 

2.42 2.33 

2.27 

2.21 

2.16 

2.13 

2.09 

2.06 

2.04 

2.01 

1.99 

1.98 

1.96 

1 

32 

4.15 3.29 

2.90 

2.67 

2.51 

2.40 2.31 

2.24 

2.19 

2.14 

2.10 

2.07 

2.04 

2.01 

1.99 

1.97 

1.95 

1.94 


34 

4.13 3.28 

2.88 

2.65 

2.49 

2.38 2.29 

2.23 

2.17 

2.12 

2.08 

2.05 

2.02 

1.99 

1.97 

1.95 

1.93 

1.92 

0 

36 

4.11 3.26 2.87 

2.63 

2.48 

2.36 2.28 2.21 

2.15 2.11 

2.07 

2.03 

2.00 

1.98 

1.95 

1.93 

1.92 

1.90 

i 

38 

4.10 3.24 

2.83 2.62 

2.46 

2.35 2.26 

2.19 

2.14 

2.09 

2.03 

2.02 

1.99 

1.96 

1.94 

1.92 

1.90 

1.88 

& 

40 

i 4.08 3.23 

2.84 

2.61 

2.45 

2.34 2.25 

2.18 

2.12 

2.08 

2.04 

2.00 

1.97 

1.95 

1.92 

1.90 

1.89 

1.87 

Cl 

42 

4.07 3.22 

2.83 

2.59 

2.44 

2.32 2.24 

2.17 

2.11 

2.06 

2.03 

1.99 

1.96 

1.93 

1.91 

1.89 

1.87 

1.86 


44 

4.06 3.21 

2 82 

2.58 

2.43 

2.31 2.23 

2.16 

2.10 

2.05 

2.01 

1.98 

1.95 

1.92 

1.90 

1.88 

1.86 

1.84 


46 

4.05 3.20 

2.81 

2.57 

2.‘t2 

2.30 2.22 

2.15 

2.09 

2.04 

2.00 

1.97 

1.94 

1.91 

1.89 

1.87 

1.85 

1.83 


48 

4.04 3.19 

2.80 

2.57 

2.41 

2.29 2.21 

2.14 

2.08 

2.03 

1.99 

1.96 

1.93 

1.90 

1.88 

1.86 

1.84 

1.82 


50 

4.03 3.18 

2.79 

2.56 

2.40 

2.29 2.20 

2.13 

2.07 

2.03 

1.99 

1.95 

1.92 

1.89 

1.87 

1.85 

1.83 

1.81 


56 

4.02 3.16 

2.77 

2.54 

2.38 

2.27 2.18 

2.11 

2.06 

2.01 

1.97 

1.93 

1.90 

1.88 

1.85 

1.83 

1.81 

1.79 


60 

4.00 3.15 2.76 

2.53 2.37 

2.25 2.17 

2.10 2.04 

1.99 

1.95 

1.92 

1.89 

1.86 

1.84 

1.82 

1.80 

1.78 


65 

3.99 3.14 

2.75 

2.51 

2.36 

2.24 2.15 

2.08 

2.03 

1.98 

1.94 

1.90 

1.87 

1.85 

1.82 

1.80 

1.78 

1.76 


70 

3.98 3.13 

2.74 

2.50 

2.35 

2.23 2.14 

2.07 

2.02 

1.97 

1.93 

1.89 

1.86 

1.84 

1.81 

1.79 

1.77 

1.76 


80 

3.96 3.11 

2.72 

2.49 

2.33 

2.21 2.13 

2.06 

2.00 

1.95 

1.91 

1.88 

1.84 

1.82 

1.7C 

1.77 

1.75 

1.73 


90 

3.95 3.10 

2.71 

2.47 

2.32 

2.20 2.11 

2.04 

1.99 

1.94 

1.90 

1.86 

1.83 

1.80 

1.78 

1.76 

1.74 

1.72 


100 

3.94 3.09 

2.70 2.46 

2.31 

2.19 2.10 

2.03 

1.97 

1.93 

1.89 

1.85 

1.82 

1.79 

1.77 

1.75 

1.73 

1.71 


125 

3.92 3.07 

2.68 

2. A 

2.29 

2.17 2.08 

2.01 

1.96 

1.91 

1.87 

1.83 

1.80 

1.77 

1.75 

1.72 

1.70 

1.69 


150 

3.9 J 3.06 

2.66 

2.43 

2.27 

2.16 2.07 

2.00 

1.94 

1.89 

1.85 

1.82 

1.79 

1.76 

1.73 

1.71 

1.69 

1.67 


200 

3.89 3.04 

2.63 

2.42 2.26 

2,14 2.06 

1.98 

1.93 

1 38 

1.84 

1.80 

1.77 

1.74 

1.72 

1.69 

1.87 

1.66 


300 

3.87 3.03 

2.63 

2.40 

2.24 

2.13 2.04 

1.97 

1.91 

1.86 

1.82 

1.78 

1.75 

1.72 

1.70 

1.68 

1.66 

1.64 


500 

3.86 3.01 

2.62 

2.39 

2 23 

2.12 2.03 

1.96 

1.90 

1.85 

1.81 

1.77 

1.74 

1.71 

1.69 

1.66 

1.64 

1.62 

1000 

.3.85 0.00 2.61 

2.38 

2.22 

2.11 2.02 

1.95 

1.89 

1.84 

1.80 

1.76 

1.73 

1.70 

1.68 

1.65 

1.63 

1.61 


“ 

3.84 3.00 

2.60 

2.37 

2.21 

2.10 2.01 

1.94 

1.88 

1.83 

1.79 

1.75 

1.72 

1.69 

1.67 

1.64 

1.62 

1.60 


Example: P|Fh;iji < 2.46| — 95%. 

P.i»;r,,r, “ Example: “ 1/P.w^i,* “ 1/S.lft •• 0.817. 
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POINT or THB F DIBTBIBUnON 
FM;y%,Pi 


19 

20 

22 

24 

26 

Degrees of freedom for the aamerator (n) 

28 30 35 40 45 50 60 80 

100 

200 

500 

CP 


24S 

248 

249 

249 

249 

260 

250 

251 

251 

251 

252 

252 

252 

253 

254 

254 

254 

1 


19.4 

19.4 

19.5 

19.5 

19.5 

19.5 

10.5 

19.5 

19.6 

19.5 

19.5 

10.6 

19,5 

10.5 

19.5 

19.5 

19.5 

2 


8.67 8.66 

8.65 

8.64 

8.63 

8.62 

8.62 

8.60 

8.59 

8.59 

S.S8 

8.67 

8.56 

8.65 

8.54 

8.53 

8.53 

3 


5.81 

5.80 

6.79 

5.77 

6.76 

6.76 

6.76 

6.73 

6.72 

6.71 

6.70 

5.60 

6.67 

5.66 

5.65 

5.64 

5.63 

4 


4.57 4.56 

4.54 

4.63 

4.52 

4.50 

4.50 

4.48 

4.46 

4.45 

4.44 

4.43 

4.41 

4.41 

4.39 

4.37 

4.37 

1 5 


3.88 3.87 

3.86 

3.84 

3.83 

3.82 

3.81 

3.79 

3.77 

3.76 

3.75 

3.74 

3.72 

3.71 

3.89 

3.68 

3.67 

6 


3.46 3.44 

3.43 

3.41 

3.40 

3.39 

3.38 

3.36 

3.34 

3.33 

3.32 

3.30 

3.29 

3.27 

3.25 

3.24 

3.23 

7 


3.16 3.15 

3.13 

3.12 

3.10 

3.09 

3.08 

3.06 

3.04 

3.03 

3.02 

3.01 

2.99 

2.97 

2.95 

2.94 

2.93 

i 8 


2.95 2.94 

2.92 

2.90 

2.80 

2.87 

2.86 

2.84 

2.83 

2.81 

2.80 

2.79 

2.77 

2.76 

2.73 

2.72 

2.71 

9 


2.78 2.77 

2.76 

2.74 

2.72 

2.71 

2.70 

2.68 

2.66 

2.65 

2.64 

2.62 

2.60 

2.59 

2.56 

2.55 

2.54 

10 


2.66 

2.65 

2.63 

2.61 

2.59 

2.58 

2.57 

2.55 

2.53 

2.52 

2.51 

2.49 

2.47 

2.46 

2.43 

2.42 

2.40 

11 


2.56 

2.54 

2.52 

2.61 

2.49 

2.48 

2.47 

2.44 

2.43 

2.41 

2.40 

2.38 

2.36 

2.35 

2.32 

2.31 

2.30 

12 


2.47 2.46 

2.44 

2.42 

2.41 

2.39 

2.38 

2.36 

2.34 

2.33 

2.31 

2.30 

2.27 

2.26 

2.23 

2.22 

2.21 

13 


2.40 

2.39 

2.37 

2.35 

2.33 

2.32 

2.31 

2.28 

2.27 

2.25 

2.24 

2.22 

2.20 

2.19 

2.16 

2.14 

2.13 

14 


2.34 

2.33 

2.31 

2.29 

2.27 

2.26 

2.25 

2.22 

2.20 

2.19 

2.18 

2.16 

2.14 

2.12 

2.10 

2.08 

2.07 

15 


2.29 

2.28 

2.25 

2.24 

2.22 

2.21 

2.19 

2.17 

2.15 

2.14 

2.12 

2.11 

2.08 

2.07 

2.04 

2.02 

2.01 

16 


2.24 

2.23 

2.21 

2.19 

2.17 

2.16 

2.15 

2.12 

2.10 

2.09 

2.08 

2.06 

2.03 

2.02 

1.99 

1.97 

1.96 

17 


2.20 

2.19 

2.17 

2.15 

2.13 

2.12 

2.11 

2.08 

2.06 

2.05 

2.04 

2.02 

1.00 

1.98 

1.95 

1.93 

1.92 

18 


2.17 2.16 

2.13 

2.11 

2.10 

2.08 

2.07 

2.05 

2.03 

2.01 

2.00 

1.68 

1.96 

1.94 

1.91 

1.80 

1.88 

19 


2.14 2.12 

2.10 

2.08 

2.07 

i 

2.05 

> 

2.04 

2.01 

1.99 

1.98 

1.97 

1.95 

1.92 

1.91 

1.88 

1.86 

1.84 

20 


2.11 

2.10 

3.07 

2.05 

2.04 

2.02 

2.01 

1.08 

1.96 

1.95 

1.94 

1.92 

l.«» 

l.SS 

1.84 

1.82 

1.81 

21 


2.08 

2.07 

2.05 

2.03 

2.01 

2.00 

1.98 

1.96 

1.94 

1.92 

1.91 

1.89 

1.86 

1.85 

1.82 

l.SO 

1.78 

22 


2.06 

2.05 

2.02 

2.00 

1.99 

1.97 

1.96 

1.93 

1.91 

1.90 

1.88 

1.86 

1.84 

1.82 

1.79 

1.77 

1.76 

23 

3 

2.04 

2.03 

2.00 

1.98 

1.97 

1.95 

1.94 

1.91 

1.89 

1.88 

1.86 

1.84 

1.82 

1.80 

1.77 

1.76 

1.73 

24 

s. 

2.02 2.01 

1.98 

1.96 

1.95 

1.93 

1.92 

1.89 

1.87 

1.86 

1.84 

1.82 

1.80 

1.78 

1.76 

1.73 

1.71 

25 

1 

2.00 

1.99 

1.97 

1.95 

1.93 

1.01 

1.90 

1.87 

1.85 

1.84 

1.82 

1.80 

1.78 

1.76 

1.73 

1.71 

1.69 

26 

Or 

o 

a 

1.99 

1.97 

1.95 

1.93 

1.91 

1.90 

1.88 

1.86 

1.84 

1.82 

1.81 

1.79 

1.76 

1.74 

1.71 

1.69 

1.67 

27 


1.97 

1.96 

1.93 

1.91 

1.00 

1.88 

1.87 

1.84 

1.82 

1.80 

1.79 

1.77 

1.74 

1.73 

1.69 

1.67 

1.65 

28 

§* 

1.96 

1.94 

1.92 

1.90 

1.88 

1.87 

1.83 

1.83 

1.81 

1.79 

1.77 

1.75 

1.73 

1.71 

1.87 

1.65 

1.64 

29 

s - 

1.95 

1.93 

1.91 

1.89 

1.87 

1.85 

1.84 

1.81 

1.79 

1.77 

1,76 

1.74 

1.71 

1.70 

1.66 

1.64 

1.62 

30 

9 

CL 

1.92 

1.91 

1.88 

1.86 

1.85 

1.83 

1.82 

1.79 

1.77 

1.75 

1.74 

1.71 

1.69 

1.67 

1.63 

1.61 

1..59 

32 

a 

o 

1,90 

1.89 

1.86 

1.84 

1.82 

1.80 

1.80 

1.77 

1.75 

1.73 

1.71 

1.60 

1.66 

1.65 

1.61 

1.59 

1.57 

34 

8 

1.88 

1.87 

1.85 

1.82 

1.81 

1.79 

1.78 

1.75 

1.73 

1.71 

i.eo 

1.67 

1.64 

1.02 

1.59 

1.56 

1.55 

36 

i 

1.87 

1.85 

1.83 

1.81 

1.79 

1.77 

1.76 

1.73 

1.71 

1.69 

1.68 

1.65 

1.62 

1.81 

1.57 

1.54 

1.53 

38 

1 

1.85 

1.84 

1.81 

1.79 

1.77 

1.76 

1.74 

1.72 

1.69 

1.67 

1.66 

1.64 

).61 

1.59 

1.55 

1.53 

1.51 

40 


1.84 

1.83 

1.80 

1.78 

1.76 

1.74 

1.73 

1.70 

1.68 

1.66 

1.65 

1.62 

1.59 

1.57 

1.53 

1.51 

1.49 

42 


1.83 

1.81 

1.79 

1.77 

1.75 

1.73 

1.72 

1.69 

1.67 

1.65 

1.63 

1.61 

1.58 

1.56 

1.52 

1.49 

1.48 

44 


1.82 

1.80 

1.78 

1.76 

1.74 

1.72 

1.71 

1.68 

1.65 

1.64 

1.62 

1.60 

1.57 

1.55 

1.51 

1.48 

1.46 { 

46 


1.81 

1.79 

1.77 

1.75 

1.73 

1.71 

1.70 

1.67 

1.04 

1.62 

1.61 

1.59 

1.56 

1.54 

1.49 

1.47 

1.45 

48 


1.80 

1.78 

1.78 

1.74 

1.72 

1.70 

1.69 

1.66 

1.63 

1.61 

1.60 

1.58 

1.54 

1.52 

1.48 

1.46 

1.44 

SO 


1.78 

1.76 

1.74 

1.72 

1.70 

1.08 

1.67 

1.64 

1.61 

1.59 

1.58 

1.55 

1.52 

1.50 

1.46 

1.43 

1.41 

55 


1.76 

1.75 

1.72 

1.70 

1.08 

1.66 

1.65 

1.62 

1.59 

1.57 

1..5e 

1.53 

1.60 

1.48 

1.44 

1.41 

1.39 

60 


1.75 

1.73 

1.71 

1.69 

1.67 

1.65 

1.63 

1.60 

1.58 

1.56 

1..54 

1.52 

1.49 

1.46 

1.42 

1.39 

1.37 

65 


1.74 

1.72 

1.70 

1.67 

1.65 

1.64 

1.62 

1.59 

1.57 

».55 

1.53 

1.50 

1.47 

1.45 

1.40 

1,37 

1.35 

70 


1.72 

1.70 

1.68 

1.65 

1.63 

1.62 

1.60 

1.67 

1.54 

1.52 

1.51 

1.48 

1.45 

1.43 

1.38 

1.35 

1.32 

80 


1.70 

1.69 

1.66 

1.64 

1.62 

1.60 

1.59 

1.56 

1.53 

1.51 

1.49 

1.46 

1.43 

1.41 

1.38 

1.32 

1.30 

90 


1.69 

1.68 

1.65 

1.6^ 

1.61 

1.59 

1.57 

1.54 

1.52 

1.49 

1.48 

1.45 

1.41 

1.39 

1.34 

1.31 

1.28 

100 


1.67 

1.65 

1.63 

1.60 

1.58 

1.57 

1.55 

1.52 

1.49 

1.47 

1.45 

1.42 

1.^ 

1.36 

1.31 

1.27 

1.25 

125 


1.66 

1.64 

1.61 

1.59 

1.57 

1.55 

1.53 

1.50 

1.48 

1.45 

1,44 

1.41 

1.37 

1.34 

1.29 

1.25 

1.22 

150 


1.04 

1.62 

1.60 

1.57 

1.55 

1.53 

1.52 

1.48 

1.46 

] 43 

1.41 

1.39 

1.35 

1.32 

1.26 

1.22 

1.19 

200 


1.62 

1.61 

1.58 

1.55 

1.53 

1.51 

1.50 

1.46 

1.43 

1.41 

1.39 

1.36 

1,32 

1.30 

1.23 

1.19 

1.15 

300 


1.61 

1.59 

1.56 

1.54 

1.52 

1.60 

1.48 

1.45 

1.42 

1.40 

1.38 

1.34 

1.30 

1.28 

1.21 

1.16 

1.11 

500 


1.60 

1.58 

1.5S 

1.53 

1.61 

1.40 

1.47 

1.44 

1.41 

1.38 

1.36 

1.33 

1.29 

1.26 

1.19 

1.13 n.08 

1000 


1.59 

1.67 

1.54 

1.52 

l.SO 

1.48 

1.46 

1.42 

1.39 

1.37 

1.35 

1.32 

1.27 

1.24 

1.17 

1.11 

1.00 

«P 



Approximate formula for n t _ 
and n larger than 30: J 


-y^--0.681 

- 0.95 



i).whera| 


1 

3 



•77 




Degrees of freedom for the denominstor M 


TABLE 13.27 {Continued) 2.5 pebcbntaos 

Table of 


Degrees of freedom for the numerator On) 


1 

2 

3 

4 
6 


1 2 3 4 6 


648 800 864 900 922 
38.6 39.0 39.2 39.2 39.3 
17.4 16.0 15.4 15.1 14.9 
12.2 10.6 9.98 9.60 9.36 
10.0 8.43 7.76 7.39 7.15 


6 7 8 9 10 


937 948 957 963 969 

39.3 39.4 39.4 39.4 39.4 

14.7 14.6 14.5 14.5 14.4 

9.20 9.07 3.98 8.90 8.84 

6.98 6.85 6.76 6.68 6.62 


11 12 13 14 15 


973 977 980 983 985 

39.4 39.4 39.4 39.4 39.4 

14.4 14.3 14.3 14.3 14.3 
8.79 8.75 8.72 8.69 8.66 
6.57 6.52 6.49 6.46 6.43 


6 

7 

8 
9 

10 


8.81 7.26 6.60 6 23 5.99 

8.07 6.54 5.89 5.52 5.29 

7.57 6.06 5.42 5.05 4.82 

7.21 5.71 5.08 4.72 4.48 

6.94 5.46 4.83 4.47 4.24 


6.82 5.70 5.80 5.52 5.46 

5.12 4.99 4.90 4.82 4.76 

4.65 4.53 4.43 4.36 4.30 

4.32 4.20 4.10 4.03 3.96 

4.07 3.95 3.85 3.78 3.72 


5.41 5.37 5.33 5.30 5.27 

4.71 4.67 4 63 4.60 4.57 

4.24 4.20 4.16 4.13 4.10 

3.91 3.87 3.83 3.80 3.77 

3.66 3.62 3.58 3.55 3.52 


11 

12 

13 

14 

15 


6.72 5.26 4.63 4.28 4.04 
6.55 5.10 4.47 4.12 3.89 
6.41 4.97 4.35 4.00 3.77 
6.30 4.86 4.24 3.89 3.66 
6.20 4.76 4.15 3.80 3.58 


3.88 3.76 3.66 3.59 3.53 

3.73 3.61 3.51 3.44 3..37 

3.60 3.48 3.39 3.31 3.25 

3.50 3 38 3.29 3.21 3.15 

3.41 3.29 3.20 3.12 3.06 


3.47 3.43 3.39 3.36 3.33 

3.32 3.28 3.24 3.21 3.18 

3.20 3.15 3.12 3.08 3.05 

3.09 3.05 3.01 2.98 2.95 

3.01 2.96 2.92 2.89 2.86 


16 

17 

18 

19 

20 

21 

22 

23 

24 
26 


6.12 4.69 4.08 3.73 3.50 
6.04 4.62 4.01 3.66 3.44 
5.98 4.56 3.95 3.61 3.38 
5.92 4.51 3.90 3.56 3.33 
5.87 4.46 3.86 3.51 3.29 

5.83 4.42 3.82 3.48 3.25 
5.79 4.38 3.78 3.44 3.22 
5.76 4.35 3.75 3.41 3.18 
5.72 4.32 3.72 3.38 3,15 
5.69 4.29 3.69 3.35 3.13 


3.34 3.22 3.12 3.05 2.99 
3.28 3.16 3.06 2.98 2.92 
3.22 3.10 3.01 2.93 2.87 
3.17 3.05 2.96 2.88 2 82 
3.13 3.01 2.91 2.84 2.77 

3.09 2.97 2.87 2.80 2.73 
3.05 2.93 2.84 2.76 2.70 
3.02 2.90 2.81 2.73 2.67 
2.99 2.87 2.78 2.70 2.64 
2.97 2.85 2.75 2.68 2.61 


2.93 2.89 2.85 2.82 2.79 
2.87 2.82 2.79 2.75 2,72 
2.81 2.77 2.73 2.70 2.67 
2.76 2.72 2.68 2.65 2.62 
2.72 2.68 2.64 2.60 2.57 

t 

2.68 2 64 2 60 2.56 2.53 
2.65 2.60 2.56 2.53 2..50 
2.62 2.57 2.53 2..50 2.47 
2..59 2.54 2.,50 2.47 2 44 
2.56 2.51 2.48 2.44 2.41 


26 

27 

28 

29 

30 


5.66 4.27 3.67 3.33 3.10 
5.63 4.24 3.65 3.31 3.08 
5.61 4.22 3.63 3.29 3,06 
5.59 4.20 3.61 3.27 3.04 
5.57 4.18 3.59 3.25 3.03 


2.94 2.82 2.73 2.63 2.59 

2.92 2.80 2.71 2.63 2.57 

2.90 2.78 2.69 2.61 2.155 

2.88 2.76 2.67 2.59 2.53 

2.87 2.75 2.65 2.57 2.51 


2..54 2.49 2.45 2.42 2.39 

2.51 2.47 2.43 2 39 2.36 

2.49 2.45 2,41 2.37 2..34 

2.48 2.43 2..39 2.36 2.32 

2.46 2.41 2.37 2.34 2.31 


32 

34 

36 

38 

40 


5.53 *.15 3.56 3.22 3.00 

5.50 4.12 3.53 3.19 2.97 

5.47 4.09 3.51 3.17 2.94 

5.45 4.07 3.48 3.15 2.92 

5.42 4.05 3.46 3.13 2.90 


2.K4 2.72 2.62 2.54 2.48 

2.81 2.69 2.59 2.52 2.45 

2.79 2.66 2.57 2.49 2.43 

2.76 2.64 2..55 2.47 2 41 

2.74 2.62 2.53 2.45 2.39 


2.43 2 38 2 34 2 31 2 28 
2.40 2.35 2 31 2.2.S 2.25 
2.37 2.33 2.29 2 25 2.22 
2.35 2 31 2.27 2 23 2.20 
2.33 2.29 2 25 2.21 2.18 


42 

44 

46 

48 

60 


5.40 4 03 3.45 3.11 2.89 
5.39 4.02 3.43 3.09 2.87 
5.37 4.00 3.42 3.08 2.86 
5.35 3.99 3.40 3.07 2.84 
5.34 3.98 3.39 3.06 2.83 


2.73 2.61 2.51 2.44 2..37 

2.71 2.59 2.50 2 42 2.36 

2.70 2.58 2.48 2.41 2.34 

2.69 2.57 2.47 2.39 2.33 

2.67 2.55 2.46 2.38 2.32 


2.32 2.27 2.23 2.20 2.16 

2.30 2.26 2.21 2.18 2.15 

2.29 2.24 2.20 2.17 2.13 

2.27 2.23 2.19 2.15 2.12 

2.26 2.22 2.18 2.14 2.11 


55 

60 

65 

70 

80 


5.31 3.95 3.36 3.03 2.81 

5.29 3.93 3.34 3.01 2.79 

5.27 3.91 3.32 2.99 2.77 

5.25 3.89 3.31 2 98 2.75 

5.22 3.86 3.28 2.95 2.73 


2.65 2.53 2.43 2.36 2.29 

2.63 2.51 2.41 2.33 2.27 

2.61 2.49 2.39 2.32 2.25 

2.60 2.48 2.38 2.30 2.24 

2.57 2.45 2.36 2.28 2.21 


2.24 2.19 2.15 2.11 2.08 

2.22 2.17 2.13 2.09 2.06 

2.20 2.15 2.11 2.07 2.04 

2.18 2^14 2.10 2.06 2.03 

2.16 2.11 2.07 2.03 2.00 


00 

100 

125 

150 

200 


5.20 3.84 3.27 2.93 2.71 

5.18 3.83 3.25 2.02 2.70 

5.15 3.80 3.22 2.8r 2.67 

5.13 3.78 3.20 2.87 2.65 

5.10 3.76 3.18 2.85 2.63 


2.55 2.43 2.34 2.26 2.10 

2.,54 2.42 2.32 2.24 2.18 

2.51 2.30 2.30 2.22 2.15 

2.49 2.37 2.28 2.20 2.13 

2.4? 2.35 2.26 2.18 2.11 


2.14 2.09 2.05 2.02 1.98 
2.12 2.08 2.04 2.00 1.97 
2.10 2.05 2.01 1.97 1.94 
2.08 2.03 1.99 1.95 1.92 
2.06 2.01 1.97 1.03 1.90 


300 

500 

1000 


5.08 3.74 3.16 2.83 2.61 

5.05 3.72 3.14 2.81 2.59 

5.04 a.70 3.13 2.80 2.58 

5.02 3.69 3.12 2.79 2.57 


2.45 2.33 2.23 2.16 2.09 

2.43 2.31 2.22 2.14 2.07 

2.42 2.30 2.20 2.13 2.06 

2.41 2.20 2.19 2.11 2.05 


2.04 1.99 1.95 1.91 1.88 

2.02 1.97 1.93 1.89 1.86 

2.01 1.96 1.92 1.88 1.85 

1.90 1.94 1.90 1.87 1.83 


Example: < 2.9U - 97.5%. 

Example: “ l/Fjms»A “ 1/4.00 <■ 0.250. 


16 17 18 


987 9,89 990 
39.4 39.4 39.4 
14.2 14.2 14.2 

8.64 8.62 8.60 

6.41 6.39 6.37 

5.25 5.23 5.21 

4.54 4.52 4.50 
4.08 4.05 4.03 
3.74 3.72 3,70 

3.50 3.47 3.45 

3.30 3.28 3.26 

3.15 3.13 3.11 
3.03 3.00 2.98 
2.92 2.90 2.88 

2.84 2.81 2.79 

2.76 2.74 2.72 
2.70 2.67 2,65 

2.64 2.62 2.60 
2..59 2 57 2.55 

2.55 2.52 2.50 

2.51 2 48 2.46 
2.47 2 45 2.43 
2.44 2.42 2.39 

2.41 2.39 2.36 
2.38 2.36 2.34 

2.36 2.34 2.31 
2.34 2.31 2.29 
2.32 2.29 2.27 

2.30 2.27 2.25 
2.28 2.26 2 23 

2.25 2.22 2.20 
2.22 2.19 2 17 
2.20 2.17 2.15 
2.17 2.15 2.13 

2.15 2 13 2.11 

2,14 2 11 2.09 
2.12 2.10 2.07 
2.11 2.08 2.06 
2.09 2.07 2.05 
2.08 2.06 2.03 

2.05 2.03 2.01 
2.03 2.01 1.98 
2.01 1.99 1.97 
2.00 1.97 1.95 
1.97 1.95 1.93 

1.95 1.93 1.91 
1.94 1.91 1.89 
1.91 1 89 1.86 
1.89 1.87 1.84 
1.87 1.84 1.82 

1.85 1.82 1.80 
1.83 1.80 1.78 
1.82 1.79 1.77 
1.80 1.78 1.75 


POINT OF THE F DISTRIBUTION 

F X&h]fn,n 


Degreet of freedom for the numerator (n) 


10 

20 

22 

24 

26 

28 

30 

35 

40 

45 

50 

80 

80 

100 

200 

500 • 


002 

9f>3 

005 

097 

909 

1000 

1001 

1004 

1006 

1007 

1008 

1010 

1012 

1013 

1016 

1017 

1018 

1 

30.4 

30.4 

39.5 

39.5 

30.5 

39.3 

30.5 

39.5 

39.5 

39.5 

39.5 

39.5 

39.5 

39.5 

30.5 

39.5 

39.5 

2 

14.2 

14.2 

14.1 

14.1 

14.1 

14.1 

14.1 

14.1 

14.0 

14.0 

14.0 

14.0 

14.0 

14.0 

13.9 

13.9 

13.9 

3 

8.S8 

8.56 

8.53 

8.51 

8.49 

8.48 

8.46 

8.44 

8.41 

8.39 

8.38 

8.36 

8.33 

8.32 

8.29 

8.27 

8.26 

4 

6.35 

6.33 

6.30 

6.28 

6.26 

6.24 

6.23 

6.20 

6.18 

6.16 

6.14 

6.12 

6.10 

6.08 

6.05 

6.03 

6.02 

5 

5.19 

5.17 

5.14 

.5.12 

5.10 

5.08 

5.07 

5.04 

5.01 

4.99 

4.98 

4.96 

4.93 

4.92 

4.88 

4.86 

4.85 

6 

4.48 

4.47 

4.44 

4.42 

4.39 

4.38 

4.36 

4..33 

4.31 

4.29 

4.28 

4.25 

4.23 

4.21 

4.18 

4.16 

4.14 

7 

4.02 

4.00 

3.97 

3.05 

3.03 

3.91 

3.89 

3.86 

3.84 

3.82 

3.81 

3.78 

3.76 

3.74 

3.70 

3.68 

3.67 

8 

3.68 

3.67 

3.64 

3.61 

3.59 

3..58 

3.56 

3.53 

3.51 

3.49 

3.47 

3.45 

3.42 

3.40 

3.37 

3.35 

3.33 

9 

3.44 

3.42 

3.39 

3.37 

3.34 

3 33 

3.31 

3.28 

3.26 

3.24 

3.22 

3.20 

3.17 

3.15 

3.12 

3.09 

3.08 

10 

3.24 

3.23 

3.20 

3.17 

3.15 

3.13 

3.12 

3.09 

3.06 

3.04 

3.03 

3.00 

2.97 

2.96 

2.92 

2.90 

2.88 

11 

3.00 

3.07 

3.04 

3.02 

3.00 

2.98 

2.06 

2.03 

2.91 

2.89 

2.87 

2.85 

2.82 

2.80 

2.76 

2.74 

2.72 

12 

2.06 

2.05 

2.92 

2.89 

2.87 

2.85 

2.84 

2.80 

2.78 

2.78 

2.74 

2.72 

2.69 

2.67 

2.63 

2.61 

2.60 

13 

2.86 

2.84 

2.81 

2.79 

2.77 

2.75 

2.73 

2.70 

2.67 

2.65 

2.64 

2.61 

2.58 

2.56 

2..53 

2.50 

2.49 

14 

2.77 

2.76 

2.73 

2.70 

2.68 

2.66 

2.64 

2.61 

2.58 

2.56 

2.55 

2.52 

2.49 

2.47 

2.44 

2.41 

2.40 

15 

2.70 

2.68 

2.65 

2.63 

2.60 

2.58 

2.57 

2.53 

2.51 

2.49 

2.47 

2.45 

2.42 

2.40 

2.36 

2.33 

2.32 

16 

2.63 

2.62 

2.59 

2.56 

2.54 

2.52 

2.50 

2.47 

2.44 

2.42 

2.41 

2.38 

2.35 

2.33 

2.29 

2.26 

2.25 

17 

2.58 

2.56 

2.53 

2.50 

2.48 

2.46 

2.44 

2.41 

2.38 

2.36 

2.35 

2.32 

2.29 

2.27 

2.23 

2.20 

2.19 

IS 

2.53 

2.51 

2.48 

2.45 

2.43 

2.41 

2.39 

2.36 

2.33 

2.31 

2.30 

2.27 

2.24 

2.22 

2.18 

2.15 

2.13 

19 

2.48 

2.46 

2.43 

2.41 

2.39 

2.37 

A 

2.35 

2.31 

2.29 

2.27 

2.25 

2.22 

2.19 

2.17 

2.13 

2.10 

2.09 

20 

2.44 

2.42 

2 39 

2.37 

2.34 

W 

2..33 

2.31 

2.27 

2.25 

2.23 


2.18 

2.15 

2.13 

2.09 

2.06 

2.04 

21 

2.41 

2.39 

2.36 

2.33 

2.31 

2.29 

2.27 

2.24 

2.21 

2.19 


2.14 

2.11 

2.09 

2.05 

2.02 

2.00 

22 

2.37 

2..36 

2.33 

2.30 

2.28 

2.26 

2.24 

2.20 

2.18 

2.15 

2.14 

2.11 

2.08 

2.06 

2.01 

1.99 

1.97 

23 

2.35 

2.33 

2 30 

2.27 

2.25 

2.23 

2.21 

2 17 

2.15 

2.12 

2.11 

2.08 

2.05 

2.02 

1.98 

1 95 

1.94 

24 

2.32 

2.30 

2.27 

2.24 

2.22 

2.20 

2.18 

2.15 

2.12 

2.10 

2.08 

2.05 

2.02 

2.00 

1.95 

1.92 

1.91 j 

2.1 

2.20 

2.28 

2.24 

2.22 

2.19 

2.17 

2.16 

2.12 

2.09 

2.07 

2 05 

2.03 

1.99 

1.97 

1.92 

1.90 

1 88 

26 

2.27 

2.25 

2.22 

2.19 

2.17 

2.15 

2.13 

2.10 

2.07 

2 05 

2.03 

2.00 

1.97 

1.94 

1.90 

1.87 

1 85 

27 

2.25 

2.23 

2.20 

2.17 

2.15 

2.13 

2.11 

2.08 

2.05 

2.03 

2 01 

1.93 

1.94 

1.92 

1.88 

1.85 

1.83 1 

28 

2.23 

2.21 

2.18 

2.15 

2.13 

2.11 

2.09 

2.06 

2.03 

2.01 

1.99 

1.96 

1.92 

1.90 

1.86 

1.83 

1.81 

29 

2.21 

2.20 

2.16 

2.14 

2.11 

2.09 

2.07 

2.04 

2.01 

1.99 

1.97 

1.94 

1.90 

1.88 

1.84 

1.81 

1.79 

30 

2.18 

2.16 

2.13 

2.10 

2.08 

2.06 

2.04 

2.00 

1.98 

1.95 

1.93 

1.91 

1.87 

1 

l..Vfl 

1.77 

1.75 

32 

2.15 

2.13 

2.10 

2 07 

2.05 

2.0.3 

2.01 

1.97 

1.95 

1.92 

1.90 

1.88 

1.84 

1.S2 

1.77 

1.74 

1.72 

34 

2.13 

2.11 

2.08 

2.05 

2 0.1 

2.00 

1.99 

1.95 

1.92 

1.90 

1.88 

1.85 

1.81 

1.79 

1.74 

1.71 

1.69 

36 

2.11 

2.09 

2.05 

2.03 

2.00 

1.98 

1.96 

1.93 

1.90 

1.87 

1.85 

1.82 

1.79 

1.76 

1.71 

1.68 

1.66 

38 

2.00 

2.07 

2.03 

2.01 

1.98 

1.96 

1.94 

1.90 

1.88 

1.85 

1.83 

1.80 

1.76 

1.74 

1.69 

1.66 

1 64 

40 

2.07 

2.05 

2.02 

1.99 

1.96 

1.94 

1.92 

1.89 

1.86 

1.83 

1.81 

1.78 

1.74 

1.72 

1 67 

1.64 

1 62 

42 

2.05 

2.03 

2.00 

1.07 

1.05 

1.93 

1.91 

1.87 

1.84 

1.82 

1.80 

1 77 

1.73 

1.70 

1.65 

1.62 

1 60 

44 

2.04 

2.02 

1.99 

1.96 

1.93 

1.91 

1.89 

1.85 

1.82 

1.80 

1.78 

1.75 

1.71 

1.69 

1.63 

1.60 

1..58 

46 

2.02 

2.01 

1.97 

1.94 

1.92 

1.90 

1.88 

1 SH 

1.81 

1.79 

1.77 

1.73 

1.69 

1.67 

1.62 

1.58 

1.56 

48 

2.01 

1.99 

1.96 

1 93 

1.91 

1.88 

1.87 

1.S3 

1.80 

1.77 

1.75 

1.72 

1.68 

1.66 

1.60 

1 57 

1.55 

50 

1.09 

1.97 

1.93 

1.90 

1.88 

1.86 

1.84 

1.80 

1.77 

1.74 

1.72 

•1.69 

1.05 

1.62 

1.57 

1.51 

1.51 

55 

1.96 

1.04 

1.91 

1.88 

1.86 

1.83 

1.82 

1.78 

1.74 

1.72 

1.70 

1.67 

1.62 

1.60 

1.54 

1.51 

1.48 

60 

1.05 

1.93 

1.89 

1.86 

1.84 

1.82 

I.SO 

1.76 

1.72 

1.70 

1.68 

1.65 

1.60 

1.58 

1.52 

1.48 

1.46 

35 

1.03 

1.91 

1.88 

1.85 

1.82 

1.80 

1.78 

1.74 

1.71 

1.68* 1.68 

1.63 

1.58 

1.56 

1.50 

1.46 

1.44 

70 

1.00 

1.88 

1.85 

1.82 

1.70 

1.77 

1.75 

1.71 

1.68 

1.65 

1.63 

1.60 

1.55 

1.53 

1.47 

1.43 

1.40 

80 

1.88 

1.86 

1.83 

1.80 

1.77 

1.75 

1.73 

1.69 

1.66 

1.63 

1.61 

1.58 

1.53 

1.50 

1.44 

1 40 

1.37 

90 

1.87 

1.85 

1.81 

1.78 

1.76 

1.74 

1.71 

1.67 

1.64 

1.61 

1.59 

1.56 

1.51 

1.48 

1.42 

1.38 

1 35 

100 

1.84 

1.82 

1.79 

1.75 

1.73 

1.71 

1.68 

1.64 

1.61 

1.58 

1.56 

1.52 

1.43 

1.45 

1.38 

1.34 

1.30 

125 

1.82 

1.80 

1.77 

1.74 

1.71 

1.69 

1.67 

1.62 

1.59 

1.56 

1.54 

1.50 

1.45 

1.42 

1.35 

1.31 

1.27 

1.50 

1.80 

1.78 

1.74 

1.71 

1.68 

1.66 

1.64 

1.60 

1.56 

1.53 

1.51 

1.47 

1.42 

1.39 

1.32 

1.27 

1.23 

200 

1.77 

1.75 

1.72 

1.69 

1.66 

1.64 

1.62 

1.57 

1.54 

1.51 

1.48 

1.45 

1.39 

1.36 

1.28 

1.23 

1.18 

300 

1.76 

1.74 

1.70 

1.67 

1.64 

1.62 

1.60 

1.55 

1.51 

1.49 

1.46 

1.42 

1.37 

1.34 

1.25 

1.19 

1.14 

500 

1.74 

1.72 

1.69 

1.65 

1 63 

1.60 

1.58 

1.54 

1.50 

1.47 

1.44 

1.41 

1.35 

1.32 

1.23 

1.16 

1*09 

1000 

1.73 

1.71 

1.67 

1.64 

1.61 

1.59 

1.57 

1.52 

1.48 

1.45 

1.43 

1.39 

1.33 

1.30 

1.21 

1.13 

1.00 

«0 


a 


£. 

O 

a 


a* 


a 


Approximate formula for n 
and n largar than 30: 


J lOffu 


1>7023 
- 1.14 


— 0.846 whera*! 



of fn 





TABLE 13.27 {Continued) 1 pebcejttace 

Table of 


Degrees of freedom tor the numerator (n) 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 17 

18 







Afultiplit the number! of the fint row (rt « /) by 10. 





1 

405 

500 

540 

SOS 

670 

6S0 

69S 

698 

00! 

000 

008 

oil 

SIS 

014 

010 

017 018 

019 


2 

98.5 

99.0 

99.2 

99.2 

99.3 

99.3 

99.4 

99.4 

99.4 

09.4 

99.4 

99.4 

99.4 

99.4 

99.4 

99.4 99.4 

99.4 


3 

34.1 

30.8 

29.5 

28.7 

28.2 

27.9 

27.7 

27.5 

27.3 

27.2 

27.1 

27.1 

27.0 

26.9 

26.9 

26.8 26.8 

26.8 


4 

21.2 

18.0 

16.7 

16.0 

15.5 

15.2 

15.0 

14.8 

14.7 

14.5 

14.4 

14.4 

14,3 

14.2 

14.2 

14.2 14.1 

14.1 


5 

16.3 

13.3 

12.1 

11.4 

11.0 

10.7 

10.5 

10.3 

10.2 

10.1 

9.96 

9.89 9.82 

9.77 

9.72 

9.68 0.64 

9.61 


6 

13.7 

10.9 

9.78 

9.15 

8.75 

8.47 

8.26 

8.10 

7.98 

7.87 

7.79 

7.72 7.66 

7.60 

7.66 

7.52 7.48 

7.45 


7 

12.2 

9,55 

8.45 

7.85 

7.46 

7.19 

6.99 

6.84 

6.72 

6.62 

6.54 

6.47 

6.41 

6.36 

6.31 

6.27 0.24 

6.21 


8 

11.3 

8.65 

7.59 

7.01 

6.63 

6.37 

6.18 

6.03 

5.91 

5.81 

5 73 

5.67 

5.61 

5.56 

S..52 

5.48 5.44 

5.41 


9 

10.6 

8.02 

6.99 

6.42 

6.06 

5.80 

5.61 

5.47 

5.35 

5.26 

5.18 

5.11 

6.05 

5.00 

4.96 

4.92 4.89 

4.86 


10 

10.0 

7.56 

6.55 

5.99 

5.64 

5.39 

5.20 

5.06 

4.94 

4.85 

4.77 

4.71 4.65 

4.60 

4.56 

4.52 4.49 

4.46 


11 

9.65 

7.21 

6.22 

5.67 

5.32 

5.07 

4.89 

4.74 

4.63 

4.54 

4.46 

4.40 4.34 

4.29 

4.25 

4.21 4.18 

4.15 


12 

9.33 

6.93 

5.95 

5.41 

5.06 

4.82 

4.61 

4.50 

4.39 

4.30 

4.22 

4.16 4.10 

4.05 

4.01 

3.97 3.94 

3.91 


1.3 

9.07 

6.70 

5.74 

5.21 

4.86 

4.62 

4.44 

4.30 

4.19 

4.10 

4.02 

3.96 3.91 

3.86 

3.82 

3.78 3.75 

3.72 


14 

8.86 

6..51 

.5..56 

5.04 

4.70 

4.46 

4.28 

4.14 

4.03 

3.04 

3.86 

3.80 

3.75 

3.70 

3.66 

3.62 3.59 

3.56 


15 

8.68 

6.36 

5.42 

4.89 

4.50 

4.32 

4.14 

4.00 

3.89 

3.80 

3.73 

3.67 3.61 

3.56 

3.52 

3.49 3.45 

3.42 


16 

8.53 

6.23 

5.29 

4.77 

4.44 

4.20 

4.03 

3.89 

3.78 

3 69 

3.62 

3.55 3.50 

3 45 

3.41 

3.37 3.34 

3.31 


17 

8.40 

6.11 

5.18 

4.67 

4.34 

4.10 

3.93 

3 79 

3.68 

3..59 

3.52 

3.46 3.40 

3.35 

3.31 

3.27 3.24 

3.21 


18 

8.29 

6.01 

5.09 

4.58 

4.25 

4 01 

3.84 

3.71 

3 60 

3.51 

3.43 

3.37 

3.32 

3.27 

3.23 

3.19 3.16 

3.13 


19 

8.18 

5.93 

5.01 

4.50 

4.17 

3.94 

3.77 

3.63 

3.52 

3.43 

3.36 

3.30 

3.24 

3.19 

3.15 

3.12 3.08 

3.05 


20 

8.10 

5.85 

4.94 

4.43 

4.10 

3.87 

3.70 

3.50 

3.46 

3.37 

3 29 

3.23 

Vl8 

3.13 

3.09 

3.05 3.02 

2.99 

s 

21 

8.02 

5.78 

4.87 

4.37 

4.04 

3.S1 

3.64 

3.51 

3.40 

3 31 

3.24 

3.17 

3.12 

3.07 

3.03 

2.99 2.96 

2.93 

3 

22 

7.95 

5.72 

4.82 

4.31 

3.99 

3.76 

3.59 

3.45 

3.35 

3.26 

3 18 

3.12 

3.07 

3.02 

2.98 

2.94 2.91 

2.88 

B 

23 

7.88 

5.66 

4.76 

4.26 

3.94 

3.71 

3.54 

3.41 

3.30 

3.21 

3.14 

3.07 

3.02 

2.97 

2.93 

2.89 2.86 

2.83 

'i 

24 

7.82 

.5.61 

4.72 

4.22 

3.90 

3.67 

3 50 

3.30 

3.26 

3.17 

3.09 

3.03 

2.98 

2.93 

2.89 

2.85 2.82 

2.79 

0 

c 

25 

7.77 

5.57 

4.68 

4.18 

3 86 

3.63 

3.46 

3.32 

3.22 

3.13 

3.06 

2.99 

2.91 

2.89 

2.85 

2.81 2.78 

2 75 

-o 

26 

7.72 

5.53 

4.64 

4.14 

3.82 

3.59 

3.42 

3.29 

3.18 

3.09 

3.02 

2.96 

2.90 

2.86 

2.82 

2.78 2.74 

2.72 

5 

27 

7.68 

5.49 

4.00 

4.11 

3.78 

3..56 

3.39 

3.26 

3.15 

3.06 

2.99 

2.93 

2.87 

2.82 

2.78 

2.75 2.71 

2.68 

fc> 

28 

7.64 

5.45 

4.57 

4.07 

3.75 

3.5.3 

3.36 

3 23 

3.12 

3,03 

2.96 

2.90 

2.84 

2.79 

2.76 

2.72 2.68 

2.65 

«s 

29 

7.60 

5.42 

4.51 

4.04 

3.73 

3 .50 

3.33 

3.20 

3.00 

3 00 

2 93 

2.87 

2 81 

2.77 

2.73 

2.60 2.66 

2.63 

B 

-2 

30 

7.56 

5.39 

4.51 

4.02 

3.70 

3.47 

3.30 

3.17 

3.07 

2.98 

2.91 

2.84 

2 79 

2.74 

2.70 

2.66 2.63 

2.60 

1 

32 

7.50 

5.34 

4.46 

3.97 

3.65 

3.43 

3.26 

3.13 

3.02 

2.93 

2.86 

2.80 

2.74 

2.70 

2 66 

2.62 2.58 

2.55 


34 

7,44 

5.29 

4.42 

3.93 

3.61 

3.39 

3.22 

3 09 

2.98 

2.89 

2.82 

2.76 

2.70 

2.66 

2.62 

2.58 2.55 

2.51 


36 

7.40 

5.2.5 

4..38 

3.89 

3.57 

3.35 

3.18 

3.05 

2.95 

2.86 

2.79 

2.72 

2.67 

2.62 

2.58 

2.54 2.51 

2.48 

f 

38 

7.35 

5.21 

1.34 

3.86 

3.54 

3.32 

3.15 

3.02 

2.92 

2.83 

2.75 

2.60 

2.64 

2.59 

2.55 

2.51 2.48 

2.45 

1 

40 

7.31 

5.18 

4.31 

3.83 

3 51 

3.29 

3.12 

2.99 

2.89 

2.80 

2.73 

2.66 

2.61 

2.50 

2.52 

2.48 2.45 

2.42 

Q 

42 

7.28 

5.15 

4.29 

3.80 

3.49 

3.27 

3.10 

2.97 

2.86 

2.78 

2.70 

2.64 

2.59 

2.54 

2.50 

2.46 2.43 

2.40 


44 

7.25 

5.12 

4.26 

3.78 

3.47 

3.24 

3.08 

2.95 

2.84 

2.75 

2.68 

2.62 

2.56 

2.52 

2.47 

2.44 2.40 

2.37 


46 

7.22 

5.10 

4.24 

3.76 

3.44 

3.22 

3.06 

2.93 

2.82 

2.73 

2.66 

2.60 

2.54 

2.50 

2.45 

2.42 2.38 

2.35 


48 

7.19 

5.08 

4.22 

3.74 

3.43 

3.20 

3.04 

2.91 

2.80 

2.72 

2.64 

2.58 

2.53 

2.48 

2.44 

2.4C 2.87 

2.33 


50 

7.17 

506 

4.20 

3.72 

3.41 

3.19 3.02 

2.89 

2.79 

2.70 

2.63 

2.56 

2.51 

2.46 

2.42 

2.38 2.85 2.32 


55 

7.12 

5.01 

4.16 

3.68 

3.37 

3.15 

2.98 

2.85 2.75 

2.66 

2.59 

2.53 

2.47 

2.42 

2.38 

2.34 2.31 2.28 


60 

7.08 

4.98 

4.13 

3.65 

3.34 

3.12 

2.95 

2.82 

2.72 

2.63 

2.56 

2.50 

2.44 

2.39 

2.35 

2.31- 2.28 2.25 


65 

7.04 

4.95 

4.10 

3.62 

3.31 

3.09 

2.93 

2.80 

2.69 

2.61 

2.53 

2.47 

2.42 

2.37 

2.33 

2.29 2.26 

2.23 


70 

7.01 

4.92 

4.08 

3.60 

3.29 

3.07 

2.91 

2.78 

2.87 

2.59 

2.51 

2.45 

2.40 

2.35 

2.31 

2.27 2.23 2.20 


80 

6.96 

4.88 

4.04 

3.56 

3.26 

3.04 

2.87 

2.74 

2.64 

2.55 

2.48 

2.42 

2.36 

2.31 

2.27 

2.23 2.20 2.17 


90 

6.93 

4.85 

4.01 

3.54 

3.23 

3.01 

2.84 

2.72 

2.61 

2.52 

2.45 

2.39 

2.33 

2.29 

2.24 

2.21 2.17 2.14 


100 

6.90 

4.82 

3.08 

3.51 

3.21 

2.99 

2.82 

2.69 

2.59 

2.50 

2.43 

2.37 

2.31 

2.26 

2.22 

2.19 2.15 2.12 


125 

6.84 

4.78 

3.94 

3.47 

3.17 

2.95 

2.79 

2.66 

2.55 

2.47 

2.39 

2.33 

2.28 

2.23 

2.19 

2 15 2.11 2.08 


150 

6.81 

4.75 

3.92 

3.45 

3.14 

2.92 

2.76 

2.63 

2.53 

2.44 

2.37 

2.31 

2.25 

2.20 

2.16 

2.12 2.09 2.06 


200 

6.76 

1 

4.71 

3.88 

3.41 

3.11 

2.80 

2.73 

2.60 

2.50 

2.41 

2.34 

2.27 

2.22 

2.17 

2.13 

2.09 2.06 2.02 


300 

6J2 

4.68 

3.85 

3.38 

3.08 

2.86 

2.70 

2.57 

2.47 

2.38 

2.31 

2.24 

2.19 

2.14 

2.10 

2.06 2.03 

1.99 


500 

6.69 

4.65 

3.82 

3.36 

3.05 

2.84 

2.68 

2.55 

2.44 

2.36 

2.28 

2.22 

2.17 

2.12 

2.07 

2.04 2.00 1.97 

1000 

6.66 

4.63 

3.80 

3.34 

3.04 

2.82 

2.66 

2.53 

2.43 

2.34 

2.27 

2.20 

2.15 

2.10 

2.06 

2.02 1.98 

1.95 


• 

6.63 

4.61 

3.78 

3.32 

3.02 

2.80 

2.64 

2.51 

2.41 

2.32 

2.2S 2.18 

2.13 

2.08 

2.04 

2.00 1.97 

1.98 


Example; P{Fm^ < 3<M) ~ 99%. 

Example: * 1/8.36 • 0.187. 





POINT OF THE F DISTBIBUTKM)! 


Degrees of freedom for the numerator (n) 


19 20 22 24 26 2S 30 35 40 45 50 00 80 100 200 500 « 


eeo osi 

6Si 

6SS 

Multiply the numbert o/ the first row (,rt •• I) by W. 

eu ess ese ess eea eso eao esi ess 

eas 

eas 

eae 

ear 

1 


09.4 90.4 

99.5 

90.5 

00.5 

99.5 

90.5 

99.5 

99.5 

99.5 

99.S 

99.5 

99.5 99.5 

99.5 

99.5 

99.5 

2 


26.7 26.7 

26.6 

26.6 

26.6 

26^ 

26.5 

26.5 

26.4 

26.4 

26.4 

26.3 

26.3 

26.2 

26.2 

26.1 

26.1 

S 


14.0 14.0 

14.0 

13.0 

13.0 

13.9 

13.8 

13.8 

13.7 

13 7 

13.7 

13.7 

13.6 

13.6 

13.5 

13.5 

13.5 

4 


9.58 0.55 

9.51 

9.47 

0.43 

9.40 

9.38 

9.33 9.20 

0.26 9.24 

9.20 

9.16 9.13 

9.08 

9.04 

9.02 

6 


7.42 7.40 

7.35 

7.31 

7.28 

7.25 

7.23 

7.18 7.14 

7.11 

7.09 

7.06 

7.01 

6.99 

6.93 

6.90 

6.88 

6 


6.18 6.16 

6.11 

6.07 

6.04 

6.02 

5.99 

5.94 5.01 

5.88 5.86 

5 82 

5.78 

5.75 

5.70 

5.67 

5.65 

7 


5..38 5.36 

5.32 

5.28 

5.25 

5 22 

5.20 

6.15 

5.12 

5.09 

5.07 

5.03 

4.99 

4.96 

4.91 

4.68 

4.86 

8 


4.83 4.81 

4.77 

4.73 

4.70 

4.67 

4.65 

4.60 

4.57 

4.54 

4.52 

4.48 

4.44 

4.42 

4.36 

4.33 

4.31 

9 


4.43 4.41 

4.36 

4.33 

4.30 

4.27 

4.25 

4.20 4.17 

4.14 

4.12 

4.08 

4.04 

4 01 

3.96 

3 93 

3.91 

10 


4.12 4.10 

4.06 

4.02 

3.99 

3.06 

3.04 

3.89 

3.86 

3.83 

3 81 

3.78 

3.73 

3.71 

3.66 

3.62 

3.60 

11 


3.88 3.86 

3.82 

3.78 

3.75 

3.72 

3.70 

3.65 

3.62 

3.59 

3.57 

3.54 

3.49 

3.47 

3.41 

3.38 

3.36 

12 


3.60 3.66 

3.62 

3.59 

3.56 

3.53 

3.51 

3.46 

3.43 

3.40 

3 38 

3.34 

3.30 

3 27 

3.22 

3.19 

3.17 

13 


3.53 3.51 

3.46 

3.43 

3.40 

3.37 

3.35 

3.30 

3.27 

3.24 

3.22 

3.18 

3.14 

3.11 

3.06 

3.03 

3.00 

14 


3.40 3.37 

3.33 

3.29 

3.26 

3.24 

3.21 

3.17 

3.13 

.8.10 

3.08 

3.05 

3.00 

2.98 

2.92 

2.89 

2.87 

15 


3.28 3.26 

3.22 

3.18 

3.15 

3.12 

3.10 

3.0."> 

3.02 

2.99 

2.97 

2.93 

2.89 2.86 

2.81 

2.78 

2.75 

16 


3.18 3.16 

3.12 

3.08 

3.05 

3.03 

3.00 

2.96 

2.92 

2.89 2.87 

2 83 

2.79 

2.76 

2.71 

2.68 

2.65 

17 


3.10 3.08 

3.03 

3.00 

2.97 

2.94 

2.92 

2.87 

2.84 

2.81 

2.78 

2.75 

2 70 

2.68 

2.62 

2.59 

2.57 

18 


3.03 3.00 

2.96 

2.92 

2.89 

2.87 

2%0 

2.84 

2.80 

2.76 

2.73 

2.71 

2.67 

2.63 

2.60 

2.55 

2.51 

2.49 

19 


2.96 2.94 

2.90 

2.86 

2.83 

2.78 

2.73 

2.69 

2.67 

2.64 

2.61 

2.56 2.54 

2.48 

2.44 

2.42 

20 

M 

2.00 2.88 

2.84 

2.80 

2.77 

2.74 

2.72 

2.67 

2.64 

2.61 

2.58 

2.55 

2.50 

2.48 

2.42 

2..3S 

2.3t. 

21 


2.85 2.83 

2 78 

2.75 

2.72 

2.69 

2.67 

2.62 

2.58 

2.55 

2 53 

2.50 

2.45 

2.42 

2.36 

2.33 

2 31 

22 

i 

2.80 2.78 

2.74 

2.70 

2.67 

2.64 

2.62 

2.57 

2.54 

2.51 

2.48 

2.45 

2.40 2.37 

2..82 

2.28 

2.26 

23 

60 

2.76 2.74 

2.70 

2.66 

2.G3 

2.60 

2.58 

2.53 

2.49 

2:46 

2.44 

2.40 

2.36 

2.33 

2.27 

2.24 

2.21 

24 

O 

2.72 2.70 

2.66 

2.62 

2.59 

2.56 

2.54 

2.49 

2.45 

2.42 

2.40 

2.36 

2.32 

2.29 

2.23 

2.19 

2.17 

25 

■a 

o 

a 

2.60 2.66 

2.62 

2.58 

2.55 

2.53 

2.50 

2.43 

2.42 

2.39 

2.36 

2.33 

2.28 

2.25 

2.19 

2.16 

2.13 

26 

2.66 2.63 

2..59 

2.55 

2.52 

2.49 

2.47 

2 42 

2.38 

2.35 

2.33 

2.29 

2.25 

2.22 

2 16 

2.12 

2.10 

27 

9 

2.63 2.60 

2.56 

2.52 

2.49 

2.46 

2.44 

2.39 

2.35 

2.32 

2.30 

2.26 

2.22 

2.19 

2.13 

2.09 

2.06 

28 

O* 

2.60 2.57 

2.53 

2.49 

2.46 

2.44 

2.41 

2.36 

2.33 

2.30 

2.27 

2.23 

2.19 

2.16 

2.10 

2.06 

2.03 

29 

CT 

2.57 2.55 

2.51 

2.47 

2.44 

2.41 

2.39 

2.34 

2.30 

2.27 

2.25 

2.21 

2.16 

2.13 

2.07 

2.03 

2.01 

30 

a. 

2.53 2.50 

2.46 

2.42 

2.39 

2 ■i6 

2 34 

2.29 

2.25 

2.22 

2.20 

2.16 

2.11 

2.08 

2.02 

1.98 

1.96 

32 

(0 

a 

o 

2.49 2.46 

2.42 

2.38 

2.35 

2 12 

2.30 

2.25 

2.21 

2.18 

2.16 

2.12 

2.07 

2.04 

1.98 

1.94 

1.91 

34 

§ 

2.45 2.43 

2.38 

2.35 

2.32 

2.2'* 

2.26 

2.21 

2.17 

2 14 

2.12 

2.08 

2.03 

2.00 

1.94 

1.90 

1.87 

36 

5’ 

2.42 2.40 

2.35 

2.32 

2.28 

2.26 

2.23 

2.18 

2.14 

2.11 

2.09 

2.05 

2.00 

1.97 

1.90 

1.86 

1.84 

38 

s 

2.30 2.37 

2.33 

2.29 

2.26 

2.23 

2 20 

2.15 

2.11 

2.08 

2.06 

2.02 

1.97 

1.94 

1.87 

i.s:^ 

1.80 

40 

n 

2.37 2.34 

2..30 

2.26 

2.23 

2.20 

2.18 

2.13 

2.09 

2.06 

2.03 

1.99 

1.94 

1.91 

1.85 

1.80 

1.78 

42 


2.35 2.32 

2.28 

2 24 

2.21 

2.18 

2.15 

2.10 

2.06 

2.03 

2.01 

1.97 

1.92 

1.89 

1.82 

1.78 

1.75 

44 


2.33 2.30 

2.26 

2.22 

2.19 

2.16 

2.13 

2.08 2.04 

2.01 

1.99 

1.95 

1.90 

1.86 

1.80 

1.75 

1.73 

46 


2.31 2.28 

2.24 

2.20 

2.17 

2.14 

2.12 

2.06 

2.02 

1.99 

1.07 

1.93 

1.88 

1.84 

1.78 

1.73 

1.70 

48 


2.30 2.27 

2.22 

2.18 

2.15 

2.12 

2.10 

2.05 

2.01 

1.97 

1.95 

1.91 

1.86 

1.82 

1.76 

1.71 

1.6S 

50 


2.25 2.23 

2.18 

2.15 

2.11 

2.08 

2.06 

2.01 

1.97 

1.93 

1.91 

1.87 

1.81 

1.78 

1.71 

1.67 

1.64 

55 


2.22 2.20 

2.15 

2.12 

2.08 

2.05 

2.03 

1.98 

1.04 

1.00 

1.88 

1.84 

1.78 

1.75 

1.68 

1.63 

1.60 

60 


2.20 2.17 

2.13 

2.09 

2.06 

2.03 

2.00 

1.95 

1.91 

l.SST 1.85 

1.81 

1.75 

1.72 

1.65 

1.60 

1.57 

65 


2.18 2.15 

2.11 

2.07 

2.03 

2.01 

1.08 

1.93 

1.89 

1.85 

1.83 

1.78 

1.73 

1.70 

1.62 

1.57 

1.64 

70 


2.14 2.12 

2.07 

2.03 

2.00 

1.97 

1.94 

1.89 

1.85 

1.81 

1.79 

1.75 

1.69 

1,66 

1.58 

1.53 

1.49 

so 


2.11 2.09 

2.04 

2.00 

1.97 

1.94 

1.92 

1.86 

1.82 

1.79 

1.76 

1.72 

1.66 

1.62 

1.54 

1.49 

1.46 

90 


2.09 2.07 

2.02 

1.98 

1.04 

1.92 

1.89 

1.84 

1.80 

1.76 

1.73 

1.69 

1.63 

1.60 

1.52 

1.47 

1.43 

100 


2.05 2.03 

1.98 

1.94 

1.91 

1.88 

1.85 

1.80 

1.76 

1.72 

1.69 

1.65 

1.59 

1.65 

1.47 

1.41 

1.37 

125 


2.03 2.00 

1.96 

1.92 

1.88 

1.85 

1.83 

1.77 

1.73 

1.69 

1.66 

1.62 

1.56 

1.52 

1.43 

1.38 

1.33 

150 


2.00 1.97 

1.93 

1.89 

1.85 

1.82 

1.79 

1.74 

1.69 

1.66 

1.63 

1.68 

1.52 

1.48 

1.39 

1.33 

1.28 

200 


1.97 1.04 

1.89 

1.85 

1.82 

1.79 

1.76 

1.71 

1.66 

1.62 

1.59 

1.55 

1.48 

1.44 

1.35 

1.28 

1.22 

300 


1.94 1.02 

1.87 

1.83 

1.79 

1.76 

1.74 

1.68 

1.03 

1.60 

1.56 

1.52 

1.45 

1.41 

1.31 

1.23 

1.16 

600 


1.92 1.90 

1.85 

1.81 

1.77 

1.74 

1.72 

1.66 

1.61 

1.57 

1.54 

1.50 

1.43 

1.38 

1.28 

1.19 

1.11 

1000 


1.90 1.88 

1.8S 

1.70 

1.76 

1.72 

1.70 

1.64 

1.59 

1.55 

1.52 

1.47 

1.40 

1.36 

1.25 

1,16 

1.00 




Approximate formula for w \ 
and Kf larger than 30: / * 


2.0206 
V^T- 1.40 


- 1.073 (i - ;J). where 1 “ + ^)' 


Ml 




TABLB 13.27 iCantinued) 0.5 pebcsktagib 

Table of 


Degraea of fraadom for tha numerator (n) 

6 e 7 8 9 10 11 12 13 14 16 


tee eoo ete 

198 199 199 199 199 
55.6 40.8 47.5 46.2 45.4 
31.3 26.3 24.3 23.2 22.5 
22.8 18.3 16.5 15.6 14.9 


Multiply lh« numiere «/ Me fir*t row (n ■■ /} fry 100. 

ees est es4 esr es» eu e 4 e e 4 $ eu t4S ej^e 

109 190 199 190 109 
44.8 44.4 44.1 43.9 43.7 
22.0 21.6 21.4 21.1 21.0 
14.5 14.2 14.0 13.8 13.0 


199 199 199 109 109 

43.5 43.4 43.3 43.2 43.1 
20.8 20.7 20.6 20.5 20.4 

13.5 13.4 13.3 13.2 13.1 


6 

7 

8 
9 

10 


18.6 14.5 12.0 12.0 11.5 
16.2 12.4 10.0 10.0 9.52 

14.7 11.0 9.60 8.81 8.30 
13.6 10.1 8.72 7.96 7.47 

12.8 9.43 8.08 7.34 6.87 


11.1 10.8 10.6 10.4 10.2 

0.16 8.80 8.68 8.51 8.38 

7.95 7.69 7.50 7.34 7.21 

7.13 6.88 6.69 6.54 6.42 

6.54 6.30 6.12 5.97 5.85 


10.1 10.0 9.95 9.88 0.81 

8.27 8.18 8.10 8.03 7.07 

7.10 7.01 6.94 6.87 6.84 

6.31 6.23 6.15 6.09 6.03 

5.75 5.66 5.59 5.53 5.47 


11 

12 

13 

14 

15 


16 

17 

IS 

10 

20 


21 

22 

23 


I 

1 24 
S 25 


26 

27 

28 

29 

30 



42 

44 

46 

48 

60 


12.2 8.01 7.60 6.88 6.42 

11.8 8.51 7.23 6.52 6.07 

11.4 8.19 6.93 6.23 5.79 

11.1 7.92 6.68 6.00 5.56 

10.8 7.70 6.48 5.80 5.37 

10.6 7.51 6.30 5.64 5.21 

10.4 7.35 6.16 5.50 5.07 

10.2 7.21 6.03 5.37 4.96 
10.1 7.09 5.92 6.27 4.85 
0.94 6.99 5.82 5.17 4.76 

9.83 6.89 5.73 5.09 4.68 

9.73 6.81 5.65 5.02 4.61 

9.63 6.73 5.58 4.95 4.54 
9.55 6.66 5.52 4.80 4.49 
9.48 6.60 5.46 4.84 4.43 

9.41 6.54 5.41 4.79 4.38 
9.34 6.49 5.36 4.74 4.34 
9.28 6.44 5.32 4.70 4.30 
9.2a6.40 5.28 4.66 4.26 
9.18 6.35 5.24 4 62 4.23 

9 09 r,.28 5.17 4.56 4.17 
9 01 6.2' 5.11 4..V> 4 11 
8.94 6.10 .5.06 4.46 4.06 
8.88 6.11 5.02 4.41 4.02 

8.83 6.07 4.08 4.37 3.99 

8.78 6.03 4.94 4.34 3.95 

8.74 5.99 4.01 4.31 3.92 
8.70 5.96 4.88 4.28 3.90 
8.66 5.93 4.85 4.25 3.87 

8.63 5.90 4.83 4.23 3.85 


6.10 5.86 5.68 5.54 5.42 

5.76 5.52 5.35 5.20 5.09 

5.48 5.25 5.08 4.94 4.82 

5.26 5.03 4.86 4.72 4.60 
5.07 4.85 4.67 4.54 4.42 

4.91 4.69 4.52 4.38 4.27 

4.78 4.56 4.30 4.25 4.14 
4.66 4.44 4.28 4.14 4.03 
4.56 4.34 4.18 4.04 3.93 
4.47 4.26 4.09 3.96 3.85 

4.39 4.18 4.01 3.88 3.77 
4.32 4.11 3.94 3.81 3.70 

4.26 4.05 3.88 3.75 3.64 
4.20 3.99 3.83 3.69 3.59 
4.15 3.94 3.78 3.64 3.54 

4.10 3.89 3.73 3.60 3.49 

4.06 3.8.'. 3.69 .3.56 3.45 
4 02 .’... I 65 3..‘i2 3.41 
3 9S .3.77 .3 61 3.48 3.38 
3 8.74 3.58 3.45 3.34 

3.89 3.68 3..52 3..39 3.29 
3.84 3.63 3.47 3.34 3.24 

3.79 3.58 3.42 3.30 3.19 
3.75 3.54 3.39 3.25 3.15 
3.71 3.51 3.35 3.22 3.12 

3.68 3.48 3.32 3.10 3.09 
3.65 3.45 3.29 3.16 3.06 
3.62 3.42 3.26 3.14 3.03 
3.60 3.40 3.24 3.11 3.01 
3.58 3.38 3.22 3.09 2.99 


5.32 5.24 6.16 5.10 5.05 
4.99 4.91 4.84 4.77 4.72 
4.72 4.64 4.57 4.51 4.46 
4.51 4.43 4.36 4.30 4.25 

4.33 4.25 4.18 4.12 4.07 

4.18 4.10 4.03 3.97 3.92 
4.05 3.97 3.90 3.84 3.79 

3.94 3.86 3.79 3.73 3.68 
3.84 3.76 5.70 3.64 3.59 
3.76 3.68 3.61 3.55 3.50 

3.68 3.60 3.54 3.48 3.43 
3.61 3.54 3.47 3.41 3.36 
3..55 3.47 3.41 3.35 3.30 
3.50 3.42 3.35 3.30 3.25 
3.45 3.37 3.30 3.26 3.20 

3.40 3.33 3.26 3.20 3.15 
3.36 3.28 3.22 3.16 3.11 
3.32 3.25 3.18 3.12 3.07 
3.20 3.21 3.15 3.09 3.04 
3.25 3.18 3.11 3.06 3.01 

3.20 3.12 3.06 3.00 2.95 
3.15 3.07 3.01 2.95 2.90 
3.10 3.03 2.96 2.90-2.85 
3.06 2.99 2.92 2.87 2.82 
3.03 2.95 2.89 2.83 2.78 

3.00 2.92 2.86 2.80 2.75 
2.97 2.89 2.83 2.77 2.72 

2.94 2.87 2.80 2.75 2.70 
2.92 2.85 2.78 2.72 2.67 
2.90 2.82 2.76 2.70 2.65 


55 

60 

65 

70 

80 


8.55 5.84 4.77 4.18 3.80 
8.49 5.80 4.73 4.14 3.76 
8.44 5.75 4.68 4.11 3.73 
8.40 5,72 4.65 4.08 3.70 
8.33 5.67 4.61 4.03 3.65 


3.53 3.33 3.17 3.05 2.94 

3.49 3.29 3.13 3.01 2.90 

3.46 3.26 3.10 2.08 2.87 

3.43 3.23 3.08 2.95 2.85 

3.39 3.19 3.03 2.91 2.80 


2.85 2.78 2.71 2.66 2.61 
2.82 2.74 2.68 2.62 2.57 
2.79 2.71 2.05 2.59 2.54 
2.76 2.68 2.62 2.56 2.51 
2.72 2.64 2.58 2.52 2.47 


90 

100 

125 

150 

200 


8.28 5.62 4.57 3.99 3.82 

8.24 5.59 4.54 3.96 3.69 

8.17 5.53 4.49 3.91 3.54 

8.12 5.49 4.45 3.88 3.5l 

8.06 5.44 4.41 3.84 3.47 


3.35 3.15 3.00 2.87 2.77 

3.33 3.13 2.97 2.85 2.74 

3.28 3.08 2.93 2.80 2.70 

3.25 3.05 2.89 2.77 2.67 

3.21 3.01 2.85 2.73 2.63 


2.68 2.61 2.54 2.49 2.44 
2.06 2.58 2.52 2.40 2.41 
2.61 2.54 2.47 2.42 2.37 
2.58 2.51 2.44 2.38 2.33 
2.54 2.47 2.40 2.35 2.30 


300 

600 

1000 


8.<fo 

7.95 

7.92 


7.M 


5.39 4.37 3.80 3.43 3.17 
6.36 4.33 3.76 3.40 3.14 
5.33 4.31 3.74 3.87 3.11 
5.30 4.28 3.72 3.35 3.09 


2.97 2.81 2.09 2.59 2.51 2.43 2.37 

2.94 2.79 2.66 2.56 2.48 2.40 2.34 

2.92 2.77 2.64 2.54 2.46 2.38 2.32 

2.90 2.74 2.62 2.52 2.43 2.36 2.29 


2.31 3.20 
2.28 2.23 
2.26 2.21 
2.24 2.19 


16 

17 

18 

347 


•48 

199 

199 

199 

43.0 

42.9 

42.9 

20.4 

20.8 

20.3 

13.1 

13.0 

13.0 

9.76 

9.71 

9.66 

7.93 

7.87 

7.88 

6.76 

6.72 

6.68 

5.98 

6.94 

5.90 

5.42 

5.38 

6.34 

5.00 

4.96 

4.92 

4.67 

4.63 

4.59 

4.41 

4.37 

4.38 

4.20 

4.16 

4.12 

4.02 

8.98 

3.96 

8.87 

3.83 

3.80 

3.75 

3.71 

3.67 

8.64 

3.60 

8.56 

3.54 

3.50 

3.46 

3.46 

3.42 

3.38 

3.38 

3.34 

3.31 

3.31 

3.27 

3.24 

3.25 

3.21 

3.18 

3.20 

3.16 

8.12 

3.15 

3.11 

3.08 

3.11 

3,07 

3.03 

3.07 

3.03 

2.99 

3.03 

2.99 

2.95 

2.99 

2.95 

2.92 

2.96 

2.92 

2.89 

2.90 

2.86 

2.83 

2.85 

2.81 

2.78 

2.81 

2.77 

2.73 

2.77 

2.73 

2.70 

2.74 

2.70 

2.66 

2.71 

2.67 

2.63 

2.08 

2.64 

2.60 

2.65 

2.61 

2.68 

2.63 

2.69 

2.65 

2.61 

ci 

2.53 

2.56 

2.52 

2.49 

2.63 

2.49 

2.45 

2.49 

2.45 

2.42 

2.47 

2.43 

2.89 

2.43 

2.39 

2.35 

2.39 

2.35 

2.32 

2.37 

2.38 

2.29 

2.32 

2.28 2.24 

2.29 

2.25 2.2\ 


2.25 2.21 2.18 

2.21 2.17 2.14 
2.19 2.14 2.11 
2.16 2.12 3.09 
2.14 2.10 2.06 


Example: < 4.09J — 99.6%. 

Exampla: " 1/6.61 « O.Ul. 

MS 




PpiNT Of THE F mSTBIBUnON 


Degrees of freedom for the numeretor (n) 

19 30 22 24 26 28 30 36 40 45 SO 60 80 100 200 500 • 


Multiply the number * of tkt firtt rote Cn •• 1 ) by tOO . 


<43 <43 

< 4 ^ 

<49 

eso 

eso 

eso 

esi 

esi 

ese 

ese 

ess 

ess 

ess 

esi 

es4 

ess 

1 


100 100 

109 

109 

109 

199 

109 

199 

109 

109 

199 

109 

109 

109 

190 

200 

200 

2 


43.8 43.8 

42.7 

42.6 42.6 

42.5 42.5 

42.4 42.3 

42.3 

42.2 

42.1 

42.1 

42.0 41.9 

41.9 

41.8 

3 


20.2 30.2 

20.1 

20.0 20.0 

19.9 

19.0 

19.8 

19.8 

19.7 

19.7 

19.6 

10.5 

19.6 

19.4 

19.4 

19.3 

4 


12.0 12.9 

12.8 

12.8 

12.7 

12.7 

12.7 

12.6 

12.5 

12.6 

12.5 

12.4 

12.3 

12.3 

12.2 

12.2 

12.1 

5 


0.62 0.69 

0.53 9.47 9.43 9.39 9.36 

9.29 

9.24 

9.20 9.17 

9.12 

9.06 9.03 8.05 

8.01 

8.^8 

6 


7.70 7.75 

7.60 

7.64 

7.60 7.57 

7.53 

7.47 

7.42 7.38 7.35 

7.31 

7.25 7.22 7.15 

7.10 

7.08 

7 


6.64 6.61 

6.65 6.50 6.46 

6.43 

6.40 

6.33 6.29 

6.25 

6.22 

6.18 

6.12 6.09 

6.02 

5.98 

5.95 

8 


6.86 5.83 

6.78 

5.73 

5.69 

5 65 

5.62 

5.56 

5.52 

5.48 

5.45 

5.41 

5.36 

5.32 

5.26 

5.21 

6.19 

9 


6.30 5.27 

5.22 

5.17 

5.13 

5.10 5.07 

5.01 

4.97 4.93 

4.90 

4.86 

4.80 4.77 

4.71 

4.67 

4.64 

10 


4.89 4.86 

4.80 

4.76 4.72 

4.68 

4.65 

4.60 4.55 4.62 

4.49 

4.44 

4.39 4.36 4.29 

4.25 

4.23 

11 


4.56 4.53 

4.48 4.43 

4.39 

4.36 4.33 

4.27 

4.23 

4.19 

4.17 

4.12 

4.07 

4.04 

3.97 

3.93 

3.00 

12 


4.30 4.27 

4.22 

4.17 

4.13 

4.10 4.07 

4.01 

3.97 

3.04 

3.91 

3.87 

3.81 

3.78 

3.71 

3.67 

3.65 

13 


4.09 4.06 

4.01 

3.96 

3.92 3.89 

3.86 

3.80 3.76 

3.73 

3.70 

3.66 

3.60 3.57 

3.50 

3.46 

3.44 

14 


3.01 3.88 

3.83 

3.79 

3.75 

3.72 

3.69 

3.63 

3.68 3.55 3.52 

3.48 

3.43 3.39 

3.33 

3.29 

3.26 

15 


8.76 3.73 

3.68 3.64 

3.60 

3.57 

3.54 

3.48 3.44 

3.40 

3.37 

3.33 

3.28 3.25 

3.18 

3.14 

j 

3.11 j 

16 


3.64 3.61 

3.56 

3.51 

3.47 

3.44 

3.41 

3.35 3.31 

3.28 

3.25 

3.21 

3.15 3.12 

3.05 

3.01 

^.98 

17 


3.53 3.50 

3.45 3.40 

3.36 

3.33 

3.30 

3.25 3.20 3.17 

3.14 

3.10 

3.04 

3.01 

2.94 

2.90 

2.87 

18 


3.43 3.40 

3.35 

3.31 

3.27 

3.24 

3.21 

3.15 

3.11 

3.07 

3.04 

3.00 

2.95 2.91 

2.85 

2.80 

2.78 

19 


3.35 3.32 

3.27 

3.22 3.18 3 . t 5 3.12 

8.07 

3.02 

2.99 

2.06 

2.02 

2.86 

2.83 

2.76 

2.72 

2.69 

20 

S ’ 

3.27 3.24 

3.19 

3.15 

3.11 

3.08 3.05 

2.99 

2.95 

2.91 

2.88 

2.84 

2.78 2.75 

2.68 

2.64 

2.61 

21 

3.20 3.18 

3.12 

3.08 

3.04 

3.01 

2.98 

2.92 

2.88 

2.84 

2.82 

2.77 

2.72 

2.69 

2.62 

2.37 

2.55 

22 

H 

3.15 3.12 

3.06 

3.02 

2.98 

2.95 

2.92 

2.86 

2.82 

2.78 

2.76 

2.71 

2.06 

2.62 

2 ..' i 6 

2.51 

2.48 

23 

s 

3.09 3.06 

3.01 

2.97 

2.93 

2.90 

2.87 

2.81 

2.77 

2.73 

2.70 

2.66 

2.60 

2.57 

2.50 

2.46 

2.43 

24 

a 

3.04 3.01 

2.96 2.92 

2.88 

2.85 2.82 

2.76 

2.72 2.68 2.65 

2.61 

2.55 

2.52 

2.45 

2.41 

2.38 

25 

Ml 

■1 

g 

3.00 2.97 

2.92 2.87 

2.83 

2.80 2.77 

2.72 

2.67 

2.64 

2.61 

2.56 

2.51 

2.47 

2.40 

2.36 

2.33 

26 

2 . 

o 

2.06 2.93 

2.88 

2.83 

2.79 

2.76 

2.73 

2.67 

2.63 

2.59 

2.57 

2.52 

2.47 

2.43 

2.36 

2.32 

2.29 

27 

3 

2.92 2.89 

2.84 

2.79 

2.76 

2.72 

2.69 

2.64 

2.59 

2.56 

2.53 

2.48 

2.43 

2.39 

2.32 

2.28 

2.25 

28 

? 

2.88 2.86 

2.80 

2.76 

2.72 

2.69 

2.66 

2.60 

2.56 

2.52 

2.49 

2.45 

2.39 

2.36 

2.28 

2.24 

2.21 

29 


2.85 2.82 

2.77 

2.73 

2.69 

2.66 

2.63 

2.57 

2.52 

2.40 

2.46 

2.42 

2.36 

2.32 

2.23 

2.21 

24 » 

30 

cr 

A. 

2.80 2.77 

2.71 

2.67 

2.63 

2.60 2.67 

2.51 

2.47 

2.43 

2.40 

2.36 

2.30 

2.26 

2.19 

2.15 

2.11 

32 

9 

9 

(g 

2.75 2.72 

2.66 

2.62 

2.58 

2.55 

2.52 

2.46 

2.42 

2.38 

2.35 

2.30 

2.25 

2.21 

2.14 

2.09 

2.06 

34 

g . 

3.70 2.67 

2.62 

2.58 

2..54 

2.50 

2.48 

2.42 

2.37 

2.33 

2.30 

2.26 

2.20 

2.17 

2.09 

2.04 

2.01 

36 

a 

2.66 2.63 

2.58 

2.54 

2.50 2.47 

2.44 

2.38 

2.33 

2.29 

2.27 

2.22 

2.16 

2.12 

2.05 

2.00 

1.97 

38 

9 

g 

3.63 2.60 

2.55 2.50 

2.46 

2.43 

2.40 

2.34 

2.30 

2.26 

2.23 

2.18 

2.12 

2.09 

2.01 

1.06 

1.93 

40 

2! 

2.60 2.57 

2.52 

2.47 

2.43 

2.40 

2.37 

2.31 

2.26 

2.28 

2.20 

2.13 

2.09 

2.06 

1.98 

1.03 

1.90 

42 

J, 

2.67 2.64 

2.49 

2.44 

2.40 2.37 

2.34 

2.28 

2.24 

2.20 

2.17 2.12 

2.06 

2.03 

1.95 

1.90 

1.87 

44 


2.54 2.51 

2.46 

2.42 

2.38 

2.34 

2.32 

2.26 

2.21 

2.17 

2.14 

2.10 

2.04 

2.00 

1.92 

1.87 

1.84 

46 


2.52 2.49 

2.44 

2.39 

2.36 

2.32 

2.29 

2.23 

2.10 2.15 2.12 

2.07 

2.01 

1.97 

1.89 

1.84 

1.81 

48 


2.50 2.47 

2.42 2.37 

2.33 2.30 2.27 

2.21 

2.16 

2.13 

2.10 

2.05 

1.99 

1.95 

1.87 

1.82 

1.79 

50 


2.45 2.42 

2.37 

2.33 

2.29 2.26 2.23 

2.16 

2.12 2.08 

2.05 

2.00 

1.94 

1.00 

1.82 

1.77 

1.73 

65 


2.42 2.30 

2.33 

2.20 

2.25 

2.22 

2.19 

2.13 

2.08 

2.04 

2.01 

1.96 

1.90 

1.86 

1.78 

1.73 

1.69 

60 


2.30 2.36 

2.30 

2.26 

2.22 

2.19 

2.16 

2.09 

2.05 

2.01 

1.98 

l.Pf 

1.87 

1.83 

1.74 

1.69 

1.66 

65 


2.86 2.33 

2.28 

2.23 

2.19 

2.16 

2.13 

2.07 

2.02 

1.98 

1.95 

1.90 

1.84 

1.80 

1.71 

1.66 

1.62 

70 


2.32 2.29 

2.23 

2.19 

2.15 

2.11 

2.08 

2.02 

1.97 

1.93 

1.90 

1.85 

1.79 

1.75 

1.66 

1.60 

1.56 

80 


2.28 2.25 

2.20 2.15 

2.12 

2.08 

2.05 

1.99 

1.04 

1.90 

1.87 

1.82 

1.76 

1.71 

1.62 

1.56 

1.52 

90 


2.26 2.23 

2.17 2.13 

2.09 2.05 

2.02 

1.96 

1.91 

1.87 

1.84 

1.79 

1.72 

1.68 

1.59 

1.53 

1.40 

100 


2.21 2.18 

2.13 

2.08 

2.04 

2.01 

1.98 

1.91 

1.86 

1.82 

1.79 

1.74 

1.67 

1.-63 

1.53 

1.47 

1.42 

125 


2.18 2.15 

2.10 

2.05 

2.01 

1.98 

1.94 

1.88 

1.83 

1.79 

1.76 

1.70 

1.63 

1.50 

1.49 

1.42 

1.37 

150 


2.14 2.11 

2.06 

2.01 

1.97 

1.94 

1.91 

1.84 

1.79 

1.75 

1.71 

1.66 

1.59 

1.54 

1.44 

1.37 

1.31 

200 


2.10 2.07 

2.02 

1.97 

1.93 

1.00 

1.87 

1.80 

1.75 

1.71 

1.67 

1.61 

1.54 

1.50 

1.39 

1.31 

1.25 

300 


2.07 2.04 

1.00 

1.04 

1.90 

1.87 

1.84 

1.77 

1.72 

1.67 

1.64 

1.58 

1.51 

1.46 

1.35 

1.26 

1.18 
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2.05 2.02 

1.97 

1.92 

1.88 

1.84 

1.81 

1.75 

1.69 

1.65 

1.61 

1.56 

1.48 

1.43 

1.31 

1.22 

1.13 

1000 


2.03 2.00 

1.95 

1.90 

1.86 

1.82 

1.79 

1.72 

1.67 

1.63 

1.59 

1.53 

1.45 

1.40 

1.28 

1.17 

1.00 

«» 



Approsimete formula for *i \ ,_ - ^ 

^ n larger than 30: ) = 


2.2373 
v'a - 1.61 
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Example: < 5.441 •• 99.9%. 

Example: f.tM.t.at ■» “ 1/10.5 » 0.095. 

-Mil= - 1.672 (} - i). where -J - |(i + -')• 
v'a — 2.09 *'*■' * 2 Vn n/ 


Approximate formula for n \ . „ „ 

and n larger than 30 : / '®*“ 




4.11 pboblems or es'itmatioa: confidence intekvals 

A common statistical problem is to estimate parameters on the basis 
of a sample. A single number (e.g., a sample mean) is occasionally 
adequate but usually it is desirable to give an indication of the reliability of 
these estimates and present an interval that may be said to be “likely" to 
contain the'true value. More precisely, an interval is said to be a confidence 
interval of size (1 — a) if in the long run 100(1 — «)% of intervals constructed 
in this way contain the true value. 

For example, suppose we are interested in estimating the mean breaking 
strength of 1040 carbon steel; ten specimens are tested. One possibility would 



4.11} 


INOUSTRIAI. STATISTICS 


MS 



FIG. 13.39 OPERATIXG CHARACTEttlNTirS uF THE 
two-sidei)*F te.'st fok a i.evel. of sig¬ 
nificance EQUAL TO 0.05. 


FIG. 13.40 OPERATING CHARACTERISTICS OF THE 
TWO-SIDED F TEST FOR A LEVEL OF SIG¬ 
NIFICANCE EQUAL TO 0.01. 
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Reproduced by permission from "Operating Character¬ 
istics for the Common Statistical Tests of Significance" 
by Charles D. Ferris, Frank E. Grubbs, Chalmers L. 
Weaver, Annah of Mathematical Statistia, June, 1946. 

FIG. 13.41 OPERATING CHARACTERISTICp OF THE 
ONE-SIDED F TEST FOR A LEVEli OF SIG¬ 
NIFICANCE EQUAL TO 0 . 05 , 


FIG. 13.42 OPERATING CHARACTERISTICS OF THE 
ONE-SIDED F TEST FOR A LEVEL OF SIG¬ 
NIFICANCE EQUAL TO 0 . 01 . 
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be to present tne average of these numbers as an estimate of tibe mean break¬ 
ing strength, and this is the best estimate if a single number is desired. 
However, this single number may by chance depart substantially from the 
true mean value, and no indication of the magnitude of the departure is 
available. For many purposes, a more useful estimate is an interval which 
contains the true value with high probability. 

Procedures for calculating confidence intervals most likely to arise in prac¬ 
tical work are given in Table 13.28; these intervals usually involve percentage 
points of the standard distributions that are presented in Tables 13.3, 13.25, 
and 13.26. The notation for the percentage points is explained in Table 13.28. 

5. CURVE FITTING 
5.1 INTRODUCTION 

It is common practice for engineers to represent relationships by means 
of graphs. Although these graphs are depicted as smooth curves, rarely 
do the experimental points lie on the fitted curves. This is usually explained 
by the fact that the experimental points are chance, variables. The usual 
procedures are to plot the points and (1) connect all the points as in Fig. 
13.43; (2) fair the best line in by eye as in Fig. 13.44; (3) fair the best curve 
in by eye as in Fig. 13.45. 



FIG. 13.43 RELATION BETWEEN X AND y OBTAINED BY CONNECTING POINTS. 



FIG. 13*44 RELATION BETWEEN X AND y OBTAINED BY DRAWING IN BEST LINE 

BY EYE. 



y 



FIO. 13.45 HELATION BETWEEN X AND y OBTAINED BY DRAWING IN BEST CURVE 

BY EYE. 


It is useful to discuss these three methods when there is a priori knowledge 
that the plotted relation is linear and when the plotted relation is curvilinear. 

If there is an underlying linear relationship, procedure (1) has serious 
implications. In the first place, the problem is really to obtain the best esti¬ 
mate of the true underlying relationship (the word estimate is used because 
on the basis of a sample the true relationship is never obtained). The pro¬ 
cedure pictured in Fig. 13.43 does not represent a linear relationship, and it 
is intuitively evident that the best estimate of a straight line should be a 
straight line. Furthermore, the performance of another experiment with 
the same variables would lead to a completely different graph. Very little 
confidence can be placed in curves that will differ radically with the perform¬ 
ance of another experiment using the same variables. Frequently, graphs 
are used for prediction purposes, and no statements about the chances of 
being right or wrong can be made if procedure (1) is used. 

The second procedure depicted in Fig. 13.44 is probably most commonly 
used. This has two serious disadvantages. Two people confronted with the 
same data will draw different lines through the points, so that there is not 
a single interpretation of the data. If these graphs are used for prediction 
purposes, the best point estimates based on the faired line will differ for 
different people. Furthermore, since fairing in a line is not an objective pro¬ 
cedure, probability statements about the slope and intercept cannot be made. 

The third procedure depicted in Fig. 13.45 can be dismissed for essentially 
the same reasons as those for procedures (1) and (2). In addition, it is again 
intuitively evident that the best estimate of a true linear relationship should 
be a straight line. 

If the underlying relationship is curvilinear, the three procedures can be 
dismissed for essentially the same reasons as discussed above. 

The method commonly used for fitting linear and curvilinear relations is 
the method of least squares. Besides the advantage of giving a unique solu¬ 
tion, i.e., a single line, this procedure has several optimum statistical prop¬ 
erties. Furthermore, with some knowledge about the underlying distribution, 
confidence statements about the parameters can be made. 

W9 
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5.2 SIMPLE LINEAR CURVE FITTING 

Two cases will be distinguished, namely, where there exists an under¬ 
lying physical linear relationship, and where there exists a degree of 
association between the variables. 

5.2.1 An underlying physical linear relationship. In this case, there is a mathe¬ 
matical relationship of the form y = Bq + BiX, which relates the variables. 
Examples of this case are the equations of physics: 

velocity = acceleration X time + initial velocity 
force « mass X acceleration 

where the intercept, in the second example, is 0. Upon accumulating data 
for such relations, all the observed points yi, yz,... ,y„ do not lie on a straight 
line because of experimental errors. However, it is reasonable to assume that 
the distribution of errors is such that for a fixed value of x, the population 
mean value of the y’s is Bo + BiX, where Bo and-Bi are the intercept and slope 
to be estimated from a sample (xi, yi), (xa, j/a),.. ., ix„, y„). Here x is the inde¬ 
pendent variable and is assumed to be known without error. From a practical 
point of view, it is sufficient to have the error in x small compared with the 
variability in y. In this section it will be assumed that Vi, Vh • • - > Vn are inde¬ 
pendent chance variables having a normal distribution♦ with mean Bo + BiX 
and standard deviation a (constant for all x,). 

5.2.2 A degree of association between chance variables x and y. Measurements 
on one variable, say x, may be relatively inexpensive compared with measure¬ 
ments on y. Consequently, one would like to predict y from a knowledge of x. 
For example, determining abrasion loss is diflBcult, whereas measuring hard¬ 
ness by means of a Rockwell hardness machine is relatively simple. There 
exists a degree of association between abrasion loss and hardness. Similarly, 
rainfall in one area is associated with rainfall in a surrounding area. From 
measurements of the amount of rainfall in one area, one would like to predict 
rainfall in the other area. 

A linear relationship exists between x and y if for a fixed x, the population 
mean value of y, given x, is of the form Bo + BiX. A sufficient condition for 
the existence of a linear relationship is that both x and y have a bivari¬ 
ate normal distribution, f The model implies that the actual observations yi, 
ysi. •., should not be on a straight line, but for fixed x, the population mean 
value of y should fall on the line Bo + B^x, where Bo and Bi are the intercept 
and slope, respectively, to be estimated from a sample (xi, yi), (x 2 , yt), ...» 
(Xn, Vn)- In^this section it will be assumed that the y’s are at least independ- 

* The equations for the least square estimates of Bo and B, do not depend on the assump¬ 
tion of normality. However, tests of hypothesis and confidence statements presented later 
do depend on this assumption. 

t If X and y are related such that x is normally distributed, the mean of y, given x, is 
a linear function of x, and the variance of y, given x, is constant, x and y are said to have 
a bivariate norina|«4istribution. 
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•ently nonnaUy distributed* with mean Bo + BiX and standard deviation o 
(for all *,).t 

Thus, returning to the abrasion loss-hardness example, if it is assumed 
that abrasion loss y and hardness x have a bivariate normal distribution, the 
average value of abrasion loss, given hardness, is Bo + Bi (hardness). 

5.3 LEAST BQUABE ESTIMATES OF Bq AND Bi 

It should be noted that the cases presented in Arts. 5.2.1 and 5.2.2 fall 
into the general model of the following: 

For fixed x, the yi, y^,... ,yn are independently normally distributed with 
mean value Bo + BiX and standard deviation a (for all x,). 

The problem is to estimate Bo and Bi by the method of least squares. De¬ 
note by bo and bi the least squares estimates of Bo and Bi, respectively. The 
line is of the form y = bo + bix and is usually referred to in statistics as a 
regression line. The least squares estimates of Bo and Bi are obtained by 
minimizing the sum of squares of the deviations about the estimated line 

n 

with respect to bo and^i, i.e., minimizing ^ {yi — y,)** The results are 

n n 

(vi - y){xi -x) Yl ~ ^ 

I »-l 1»I 

= ;; = „ 

Y (*•• ~ »)* xf - 

i»l t-1 

6o = y — biX 

5.4 SIGNIFICANCE TEST FOR Bq AND Bi 

In Art. 4 various significance tests for the mean and standard deviation 
of a normal distribution are given. In a similar manner, significance 
tests can be made for Bo and Bi, and these are outlined in Table 13.29. These 
tests depend on the assumptions mentioned above. The reader is referred to 
the discussion in Art. 4 regarding significance tests. 

5.5 POINT ESTIMATES AND CONFIDENCE INTERVALS FOR THE LINEAR MODEL 

The point estimates and intei'val estimates for the various parameters 
are given in Table 13.30. 

5.6 PREDICTING AN INTERVAL WITHIN WHICH A FUTURE OBSERVATION y* COR¬ 

RESPONDING TO X* WILL LIB 

Table 13.30 presents a confidence interval for the parameter, the 
mean value of y* corresponding to x*. It is often the case that a confi- 

* The equations for the least square estimates of Bo and Bi do not depend on the assump¬ 
tion of normality. However, tests of hypothesis and confidence statements presented later 
do depend on this assumption. 

t That X and y have a bivariate normal distribution implies this condition. 
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TABLE 13.29 SIGNIFICANCE TESTS FOB COEFFICIENTS OF BTBAIQHT LINE (Continued) 
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TABLE 13.30 ESTIMATION OF PARAMETEBS FOR LINEAR MODEL 
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denoe statement about the mean value is unimportant, whereas a probability 
statement about a future observation is relevant. For example, tensile strength 
of cement is related to the curing time (0 by: strength « This function 
is transformed by taking logarithms: 

In strength = lna--^=«lna — jSs 


where t ^ \lt, which is now linear in z and can be estimated by the method 
of least squares. The cement manufacturer is interested in the average tensile 
strength of his cement after a particular period of time, i.e., a confidence 
statement, whereas a builder is interested in the tensile strength of his partic¬ 
ular batch of cement to determine whether it will carry the required load. 
After a specified ^jeriod of time, say 28 days, the builder would like to have 
such a statement as the probability is 1 — a that the tensile strength of his 
batch of cement will lie in a specified interval. 

The following statement can be made. The probability is 1 — a that the 
value of a future observation y* corresponding to x* will lie in the interval 


&0 + db f(«/2;n-2) «vlx 


£ (x» - 


n 


1 


5.7 COBRELATION 


A measure, of the degree of association between two variables is the 
correlation coefficient p. An estimate of p is given by the sample correla¬ 
tion coefficient r, which is defined 


(«< - x){yi - y) 

1-1 

xy i; (j/i - yY 


In engineering applications, the correlation coefficient does not play a very 
important role. The correlation coefficient can be derived from the slope of 
the fitted least squares line, e.g.. 


r = 


Wz; (y, - y) 


t 


s 


Consequently it is clear that the correlation coefficient does not contain any 
additional information. However, a significance test for p = 0 is equivalent 
to testing whether Bi « 0, i.e., whether or not a linear relation is present. 
The test tor Bi » 0 is given in Table 13.29. 

To t^ the hypothesis that p »= 0, reject when 


\t\ 


r 

Vl - r* 


Vn — 2 > fa/2 


where values of 4 can be found in Table 13.25. 



TABLE 13.31 WORKSHEET FOB THE FITTING OP STRAIGHT LINES BY THE METHOD OF LEAST SQUARES 
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5J^.1 Example. A screw manufacturer is interested in giving out data to his 
customers on the relation between nominal and actual lengths. The follow¬ 
ing results were observed: 


Nominal x 


Actual 

y 

fin. 

0.262 

0.262 

0.245 


0.496 

0.512 

0.490 

i 

0.743 

0.744 

0.751 

1 

0.976 

1.010 

1.004 

U 

1.265 

1.254 

1.252 

14 

1.498 

1.518 

1.504 

U 

1.738 

1.759 

1.750 

2 

2.005 

1.992 

1.992 


In this problem, there is a definite physical relation 

actual value = Bo + Bi (nominal value) 

If the manufacturing process were perfect, it would be expected that Bo « 0 
and Bi = 1. It should be noted that without using regression, one could make 
a confidence statement about the average of length of “1-inch” screws on 
the basis of the three numbers in the table; but a much more precise state¬ 
ment can be made by using all the data, together with the fact that linear 
regression is applicable. (1) Estimate the above relation. (2) For nominal 
1-in. screws, find a confidence interval for the average actual value of screw 
length. (3) For a 1-in. screw find an interval such that the actual value will 
lie in this interval with probability 0.95. 

(1) Estimated line: y = 0.000672882 -H 0.998603x 

(2) Confidence interval for the average actual value of 1-in. screws; 

i 1. * /l 

6o + biX* db f(«/2;n-2) 

0.000672882 + 0.998603 ± 2.074 X 0.002136 
0.99485 < average actual value < 1.00371 

(3) Interval such that the probability is 0.95 that the true length of a 
1-in. screw will be in this interval: 

0.999275 ± 0.01045 X 2.074 
0.97760 < true length < 1.02095 

5.7.2 Example. The following results on the tensile strength of specimens of 
cold drawn copper have been recorded in a laboratory. 

These variables fall into the second category, namely, a degree of associa¬ 
tion between x and y. Furthermore, it is reasonable to assume that x and y 
have a bivariate normal distribution, so that the population mean value of 
y =■ Bo + BiX. Hence, it remains to find the estimated line gf *= 6o + hi* by 
the method of least squares. (1) Test the hypothesis that Ba —100,(XX). 
(2) Test the hypothesis that Bi = 1900. (3) Get 95% confidence intervals 
for Bi\ Bo; the mean value of tensile strength corresponding to a Brinell 
hardness of 105.0; and (4) Find an interval such that the probability 
is 0.95 that the value of tensile strength for a Brinell hardness of 105.0 will 
lie in this interval. 



I.7J] 


ifwusnuAi SIATtsna 


Ml 


Tensik strengUi 

(pa) 

38,871 

40,407 

39,887 

40,821 

33,701 

39,481 

33,003 

36,999 

37,632 

33,213 

33,911 

29,861 

39,451 

40,647 

35,131 


X 

Brinell hardness number 


104.2 
106.1 

105.6 

106.3 

101.7 

104.4 
102.0 

103.8 
104.0 

101.5 

101.9 

100.6 

104.9 
106.2 
103.1 


(1) H 3 rpothe 8 i 8 : Bo = —100,000; reject if 

ho + 100,000 


|<|« 

\i\ = 


V^i,[l/n + x*/i; (x, - xf] 


^ t.025.13 = 2.160 


-149,786.5 + 100,000 
11,879.8 


4.19 > 2.160 


Therefore reject the hypothesis that Bo = —100,000. 
(2) Hypothesis: B\ =» 1900; reject if 

6i - 1900 


\t\ - 


V's?lx(l/E (iC. - x)*) 
1799.025 - 1900 
114.5 


> f.025.13 = 2.160 
0.881 < 2.160 


Therefore accept the hypothesis that Bi =» 1900. 


(3) Confidence intervals: 

(a) for Bi (b) for Bo 


hi ± 


. 

(Xi - x)* 


1799.025 db 2.160(114.5) 
1551.7 < Bi < 2046.3 


6o ± t«/2;n-2 8,l.yj- + ^ 

-149,786.5 ± 2.160(11,879.8) 
-175,446.9 < Bo < -124,126.1 


i.t) for mean value of tensile strength corresponding to a Brinell hardness 
of 105.0. 


h. + 6.** ± + 

-149,786.5 + 1,799.025(105.0) ± 2.160(252.56) = 39,111.1 ± 545.53 
38,565.6 < mean value of tensile strength < .39,656.6 



TABLE 13.31b WORKSHEET FOR THE FITTING OF STRAIGHT LINES BY THE METHOD OF LEAST SQUARES 
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(d) for 4i. 


Xta/aw-S) 
13(649,546) 
5.01 ' 


X(l-a/2:«-2) 


1,685,449 > 0 * 1 , > 341,866 

(4) Interval such that the probability is 0.95 that the value of tensile strength 
for a Brinell hardness of 105.0 will be in this interval. 


6 o + 61 ®* db t(a/2;n-2)Sy\xyjl + “ + 

39,111.1 ±2.160(844.59) 

37,286.8 < tensile strength < 40,935.4 

If we wished to estimate hardness from tensile strength, we would have 
simply reversed the roles of x and y, since we are working in Case 2. 


5.8 RELATIONS BETWEEN SEVERAL VARIABLES 

In Arts. 5.1 to 5.7 the problem considered was that of finding a relation 
which would enable one to predict a variable from a knowledge of 
some one other variable. However, in many cases several factors are relevant 
to the prediction of just one variable. The relations between height and 
weight of individuals is different at different ages and different for men and 
women; an estimate of weight based on height, a^e, and sex will be better 
than one based on height alone. The relation between tensile strength and 
Rockwell hardness may depend on the deiisity of the specimens. For each 
hardness-density combination the tensile strength will vary about a certain 
mean; we are interested in a formula giving the mean for each combination. 
As in the case of a single variable, it is assumed that the variance will be the 
same for each combination. 

5.8.1 Least-squares equations. Suppose, for example, we are interested in 
predicting y, and let Xi and X 2 be the independent variables. Assume that 
the true underlying relationship is of the form 

average value of y == So + BiXi + 82 X 2 

If we denote the estimates of the S, by 6 „ the least squares estimate is y = 
ho + 61 X 1 4 - bjXi, where hi and 62 are found from the following set of equations: 

n n n 

S ~ - Xi) = 61 XI ~ “ X|) 

i~l i»l »-l 

2 (2/**“" 2 (^1* “ - *2) + 62 (^2. “ ^2)* • 

1-1 1-1 1-1 

60 “ y - hixi - 62^2 

These equations are known as normal equations and can be solved by solving 
the first for hi in terms of h% and substituting this expression for &i in the sec- 
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ond, or by any other method. In general, we might consider a regression 
equation of the sort 

average value of y ■» J5o + BiXt + + ... + 

with estimates 

y *= 60 + hiXi + baZi + ... + bkZk 

where bi, ba,... ,hk are found by the solution of a set of k simultaneous equa¬ 
tions in k unknowns. For k = 2 and 3, detailed instructions are given in 
Tables 13.34 and 13.35. 

5.9 TEST OF SIGNIFICANCE 

There are many hypotheses which we might be interested in testing, 
but the most important question is whether the independent variables 
taken as a whole lead to an improvement in our ability to forecast y. 

For k — 2. This is equivalent to testing the hypothesis that (BijJSa) = (0,0), 
i.e., mean value of y = Bq. The results may be arranged into Table 13.32, 


TABLE 13.32 ^tEGRESSION TABLE FOR k = 2 


Variation 

Sum of squares 

Degrees of freedom 

Mean square 

Due to regreseion 

biCi + 

2 

( 6 iC, + bii>t )/2 

About regression 

n 

^ (yt - ft)* 

1-1 

n -3 

n 

(-V' - - 3) 

1-1 

Total 

n 

(Vi - y)* 

n — 1 



where Ci and Ca are defined in the computational Table 13.34 and ^(y,- — jr,)® 

t— 1 

is obtained by subtraction.^ Reject the hypothesis that {Bi,Ba) = (0,0) if 

p (biCi + baCa)/2 . p 

2 {yi - yxY/{n - 3) 

1-1 

where F«; 2 .n -3 is the a percentage point of the F distribution found in Table 
13.27. 

For A- = 3. To test Ha’. {Bi,Ba,Bi) = (0,0,0), arrange the results into . 
Table 13.33, 

* The following is an identity: 

^ _ 

{y* - y)' hiCi + *>icj + (jfi - ft)* 

1-1 t-i 
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TABLE 1343 BEGBESSION TABLE FOB k = S 


Variation 

Sum of squares 

Degrees of freedom 

Mean square 

Due to regression 

hici + 6»c* 4 - 

3 

(bjCi 4- 4- &iCi)/3 

About regression 

53 (y. - ?.)* 

n — 4 

n 

53 - «‘)V(n - 4) 

t-1 

Total 

53 ~ 

i-l 

n — 1 



where ci, and Cs are defined in the computational Table 13.35 and 

n 

( 2/1 — piY is obtained by subtraction.* 

Reject the hypothesis that = (0,0,0) if 

n (5iCi 4* btCi + h^s)/S „ 

f =• ~Z ^ r«;3.fi-4 

2 “ y.)V(n - 4) 

t-i 

where Fa; 3,«-4 is the a percentage point of the F distribution found in Table 
13.27. 


5.10 NONLINEAR REGRESSION 

Nonlinear regression falls into the above model. For example, 

average value of y - Bo -j- BiZ + B 2 Z® 

Since the Z’a are fixed variables, we can write the quadratic equation in the 
form 

average value of y = Bo + BiXi + BjZj 

where Xi = Z and Xj = Z®. Hence the least squares estimate of the B’s can be 
obtained using the procedure presented above. (See Tables 13.34 and 13.35.) 

5.11 EXAMPLE 

During the years 1951 and 1952, the County of Santa Clara, in Califor¬ 
nia, contracted for a,cloud-seeding operation.! In order to evaluate the 
effectiveness of this operation, the county and the surrounding area were di- 

* The following is an identity: 

n n 

iVi - S)* - bict 4- 6ici + 6»ct + ^ (y< - J.)* 

t G. J. Lieberman, An Evaltudion of the 1961-196f Clovd Seeding Experimeni in Santa 
Clara County, Stanford Univernty, Stanford, California. 
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5.11] 

vided geographically into regions. The rainfall in the Los Gatos, Palo Alto, and 
Santa Clara (y) region was to be predicted from the rainfall in the Berkeley, 
Crockett, Oakland, San Francisco area (xi), the Merced, Modesto, and Stock- 
ton area (xj), and the Big Sur, Coalinga, King City, and Paso Robles area (xa). 
These areas were determined in such a manner that they contained long- 
record stations, and all the stations within a group were geographically located 
close to one another. In making this rainfall study, storm totals, summed 


TABLE 13.34 COMPUTATIONAL SCHEME FOR SOLVING THE NORMAL 
EQUATIONS 


y "•bo + biXi + biXt 

The nonnal equations presented in Art. 5.8 are of the form 

fliiti + Oiiftj ■■ C\\ om6i + ttab* «■ ei 

where 


Oil 


- ^ {*1. - *0* - £ 


t-i 


1-1 


1-1 


n n 

0*1 - On « (* 1 , - Sl)(* 2 . - il) * ^ *!.*». - «*!*» 

I -1 

n ft 

On - ^ (ij. - i>)* - Xa,* - nf** 


1-1 


1-1 


n n 

Cl - (xii - i\){Vi “ ^ ^uVi - n£i§ - 


ft ^ n 


Cl - ^ (Xi, - Ji)(y< 
1-1 

- 9) 

“ ^ - nlty - ~ 

operation 

bi 

&i c check 

(1) 

On 

Oil C| Oil + Oil + Cl 

(2) 

<hi 

oaa Cl Oil + 0*1 + c* 

(3) (1) repeated 

Mil 

M 12 Mil 

(4) (3) divided by an 

1 

Fi* F„ 

(5) (2) - Fi, X (3) 

0 

Mtt M 21 

(6) (5) divided by /m 
Solution 

0 

1 Vu 

(7) 

&i - 

- Fi, 

(8) 

fei - Fi, - Fiab, 

(9) bo 

"• 9 - 

■ bill — bail 


The check is started with line 3. All the operations from line 3 on are performed on the 
values in the check column. For each line, then, the sum of the entries in ail the columns 
should check with the entry in the check column. 


TABLE 13.35 COMPUTATIONAL SCHEME FOR SOLVING THE NORMAL 
EQUATIONS • 

y bo + btXi + 5 *** + btXi 
The normal equations are of the form: 

oiifei + Oiiti + Oiibi * Cl 

oaifti + otibt + “ Ci 

aii5i + ou^i + o*i6i ■■ Ci 



9M 

where 
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®“ " f*** ~ *>)* - ^ Zi,* - »f,* -- 

iZ!i 
n 

^ (arn - fi)(z,, - f,) « ^ 3 , _ ^ _ 

iTi 


Jai ■» ai2 


« ^ 
‘”1 frl 


nil* 


n 

«»-«.. 2 (,, - _ J.) . 

rTi 

n 

fla - ^ fzK - f,)(i,^ _ j,) , 3.J -- 

,»1 JW 

n ^ 

a.. « (z,. _ f,). - V - 

n 


n 

«i = X) (x, - f.)(y. - J?) = 2 z..i/, - nf,y 

»-l 

n 

C, = ^ (**• ~ *»)(y* ~ ^) = ^ Zs.y. - niiy . 

n 

~ 2 x»,yi - nitf * 


Operation 

(1) 

( 2 ) 

(3) 

(4) (1) repeated 

(5) (4) divided by ou 

(6) (2) - V» X (4) 

(7) (6) divided by /tu 

(9) (8) divided by mu 

solution 

( 10 ) 

( 11 ) 

( 12 ) 

(13) 


(>i bt 


On On 

Oil Oji 
Oil an 
Mu Ml 
1 
0 


Cl 

Ct 


0 

0 

0 


Oil 

Ott 

Oil C| 

Mu A*n 

l^ll 7,4 

Mm Ma PM 

1 Vn 7,4 

0 PM Pl4 

0 1 7,4 


Check 

Oil + 0,1 + a„ + c, 

Oil + On -f 0,1 -|- c 

0,1 + Oj, + Om + Ci 


^ 6, - 7,4 

6, - 7„ - 7„6, 

^- 7u - 6,7„ - 6,7,1 

bf g - biti - blit - bA 


should check with the entiy in the chLk’cohinin*^ """ **“ *“ 

raiafaU o™ aU thaaUtioaa within a teginn” L t W aZ'Z'«^Zl“ 
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a.ni 

average value of y = Bo 4- BiXi 4* BjXt + B*xi 
From past data, these coefficients were estimated so that 

y =» 6o 4- biXi 4- bjXa 4- baXt 

Assuming no seeding effect in the areas outside the county, the rainfall 
within the county can be predicted from the above relationship, during the 
seeding period, and compared with the actual values. If seeding is effective, 
we should expect the actual rainfall for seeded storms to exceed the predicted 
values rather consistently. 

The data is as follows: 



168 


168 

f» - 168; 

2] XuVi - 332.176316; 

V xi* - 349.784479 


168 


1 ■■ 1 

168 

ti - 1.37761; 

yj “ 251.280626; 

2^ xi,xt, - 284.67716 


1-1 


1-1 


168 


168 

ft » 1.05103; 

V Xi.yi - 315.567472; 

23 xi.xtt - 352.654387 


1-1 




168 • 


168 

*, - 1.27261; 

Vxi.* - 384.327981; 

2^ Xi^it - 270.377486 


1-1 


1-1 


168 


168 

g - 1.20063; 

V x„* - 221.509607; 

23 y.* - 296.885778 


i-l 



108 


168 


xj,* - nfi* - 

> 65.494584; 

y] xi^u “ nfi** ■■ 41.428439 

1 • 1 

les 


168 


5^ " tiiA ■■ 68.122085; 


- nil* - 35.926129 



1-1 


16S 


168 


yj XitXtf — nftft " 45.668373; 


- nil* - 77.701072 



1-1 


1«8 


168 


V Xi,y« - n*ijf 

- 54.303488; 

yj xt,yi — nfiQ — 39.281616 

iTI 


i-l 


188 




^ x»4/t - nSifr 

- 68.873775 




Operation 6i 6t 6i o Check 

(1) 66.494584 41.428439 68.122085 64.303488 219.348596 

(2) 41.428439 35.926129 46.668373 39.281616 162.304651 

(3) 58.122086 45.668373 77.701072 68.873775 240.365305 

(4) (1) repeated 66.494684 41.428439 58.122086 54.303488 219.348596 

(6) (4) divided by 

66.494584 1 0.63254766 0.88743346 0.8291294^ 3.34911046 

(6) (2) -0.63264766 

X (4) 0 9.720671 8.903390 4.932078 23.556139 

(7) (6) divided by 

9.720671 0 1 0.9159234 0.6073804 2.4233038 

(8) (3) -0.88743346 (4) 

-0.9169234fX (6) 0 0 17.966766 6.166637 24.132403 
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(9) (8) divided by 

17.966766 0 0 1 0.3431690 1.3431690 

(10) bt m 0.3431690 

(11) (i - 0.6073804 - (0.9159234)(0.3431690) 

- 0.1930639 

(12) 6, « 0.82912944 - (0.88743346) (0.3431690) 

- (0.63264756)(0.1930639; - 0.4024677 

(13) b» - 1.20063 - (0.4024677)(1.37761) - (0.1930639)(1.05103) 

- (0.3431690)(1.37761) - 0.60655 

Equation: 

$ - 0.0066 + 0.4025xt + 0.1931xt + 0.34323% 


6 . ANALYSIS OF VABIANCE 
6.1 INTRODUCTION 

In Art. 4, the problem of testing whether two means are equal was 
considered. The t test was used for making such a comparison. This 
problem is actually a special case of the more general problem of comparing 
several means. A possible solution to this general problem is to enumerate 
every possible pair, and test whether each pair differs by means of the t test. 
The disadvantage of this procedure is clear upon a little reflection. Even if 
the population mean is the same for every sample mean, we must expect that 
if there are enough sample means some will be extremely large and some 
extremely small. This will lead to one or more fictitious significant differences 
—with probability much higher than a. This distortion in the significance 
level introduces another difficulty. Suppose that the 45 possible comparisons 
among ten means have all been made, and four are significant by an 0.05 
level (test; the experimenter must now wonder which (if any) of these 4 sig¬ 
nificant differences are really indicative of true differences. 

The appropriate solution to the problem is the analysis of variance. The 
analysis of variance, however, has a much wider application than this simple 
generalization, and is probably the most powerful procedure in the field of 
experimental statistics. In this article, three problems will be treated: (1) A 
test for homogeneity of means will be given, (2) If the hypothesis of homo¬ 
geneity is rejected, a procedure for comparing the means will be given. 
(3) Estimates of the variability due to a particular effect will be found. 


6.2 ONE-WAY CLASSIFICATION 

Suppose four different quantities of carbon are to be added to a batch 
of raw ihaterial in the manufacture of steel. Six specimens are taken for 
each of the four quantities, and it is desired to determine the effect of these 
percentages on the tensile stress of the resultant steel. The data are given in 
Table 13.36. 



TABLE 13.36 TENSILE STBENGTH OF HOT ROLLED STEEL FOB DIFFERENT 
PERCENTAGE OF CARBON 


Percentage 1 0.10% 23050 36000 31100 32650 30900 31400 308«) 

Percentage 2 0.20% 41850 25650 46700 34500 36650 31450 36133 

Percentage 3 0.40% 47050 43450 43000 38650 41850 35450 41575 

Percentage 4 0.60% 49650 73900 66450 74550 62400 63750 65117 

It is reasonable to assume that the tensile strength of a specimen consists 
of the sum of two components; namely, the population mean effect attributed 
to the addition of the particular percentage of carbon, and a random effect. 
The random effects are assumed to be independently normally distributed 
with mean 0 and variance <7®. Thus, the third specimen having 0.20% of 
carbon has a tensile strength: 


46700 population mean effect due to 0.20% carbon + random effect 


All the specimens having 0.20% carbon have the same mean effect and differ 
only because of the random effect. More generally, these assumptions can be 
summarized as follows: 


where 


Xij = li + 


Xij is the outcome of the jth specimen corresponding to the tth treatment; 
i — 1, 2, .. ., f, j = 1, 2, .. ., s, 

is the population mean effect attributed to the fth treatment; 

«„ is the random effect assumed to be independently normally distributed 
with mean 0 and variance a*. 


A few words about the selection of the specimens of carbon steel to be used 
in the experiment are in order. The tensile strength of steel depends on many 
factors besides the percentage of carbon—the temperature, presence of other 
alloys, and so forth. It is important in running experiments to determine the 
effect of carbon on a particular kind of steel to make sure that differences 
which are asserted to be due to carbon do not arise from some other factors, 
say all the 0.10% carbon bars were treated at a higher temperature than the 
others. In some cases other factors which affect the steel may be isolated as 
factors in the experiment and their efffect removed by the techniques of two- 
way, three-way, and other analysis of variance techniques discussed in the 
subsequent articles. If this is not done, the specimens to be used with each 
percentage of carbon should be chosen at random with respect to the other 
factors which are not specified; this random choice will insure that the con¬ 
clusions are not vitiated by a coincidence of effects. A table of random num¬ 
bers is useful in assigning specimens to the specific treatments. , 

6.2.1 Test for homogeneity. A major problem arising in the analysis of 
variance is to test the hypothesis that r means are equal, i.e., to test whether 
all the carbon effects are the same in the example. 

This hypothesis can be written as i/o: fx = “ • • > “ fr, and may 
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be answered by making complete the analysis of variance table, Table 13.37. 
Computational procedure 

(1) Calculate totals for each treatment. 

^^2) • • • I 

(2) Calculate over-all total. 

jT “ “b jBi -f- ... + i2f 

(3) Compute crude total sum of squares. 

=«= Xu + X12 -f...+ Xti 

t~i >-i 

(4) Calculate crude sum of squares between treatments. 

Zfi? 

= (Kf + Si + ... + R^/a 

(5) Calculate correction factor due to mean = T^/rs. 

From the above quantities compute 

(6) SS. = (4) - (5) = 2 Rf/a - ^ 


(7) SS 


( 3 )-( 5 )-V vn- 


t-l jml 


r 

ra 


(8) SSt - (7) - (6) « 55 - 55, 

If f ~ - D. 

SS,/r(s - 1) 


SSi 




we reject the h 3 q>othesis 


where 

in Table 13.27. 


* f2 = fa = .. . = fr 

is the upper a percentage point of the F distribution given 


6.2.2 Tesf for comparisons of mean. If the hypothesis 

Ho’. fi “ f* fs “ • • • f*" 

is rejected, it is possible to make statements about which means differ. For 
a long time,there was no satisfactory solution to this problem. However, 
Tukey^ and Scheff^f have presented solutions whereby it becomes possible 
to make contrasts of the form - fi. Tukey’s procedure leads to prob¬ 
ability statements in the form of confidence intervals for the* contrasts 

J Tukey, Allowances for Various Types of Error Rates, unpublished invited address 
presented before a joint meeting of the Institute of Mathematical Statistics and the Eastern 
North American Region of the Biometric Society on March 19, 1952, at Blacksburg, Va. 

t H. Scbeff6, "A Method for Judging All Contrasts in the Analysb of Variance,” Bio~ 
metrika, Vol. 40, June 1953. 



TABLE 13.38 TABLE OF FACTORS c* (5% Significance Level) 



*14 


■ Hera N u the number of effects being studied 

it Thia table is taken by permission from Jwcc M. May, “Extended and Corrected Tables of the Upper Percentage Points of the Studcntited Range/’ Bumetriitt, Vol 99, 
Parts 1 and 3, May 1993, p. 193; and from H. O. Hartley. “Corrigenda to Tables of Percentage Points of the Studaitized Range," Biometrika, Vol. 40, Parts 1 end 3, June 
19S3, p. 33«. 





TABLE 13.39 TABLE OF FACTORS c* (1% Significance Level) 



fis 


* Here n is the number of effects being studied. 

* This Uble k telcen by permission from May, "Extended and Correeted Tables of the Upper Percentage Points of the Studentised Range' : and from Hartley, 
to Tables of Percentage Points of the StudentiiM Range.” 
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ffc — i’ll i.e., the probability is 1 — <* that the values f* — for all such 
contrasts (fc » i, 2,__ r; 2 » 1, 2,..., r) simultaneously satisfy 

Xk. — Xi. — c < !^k — ti < Xk — Xi. + c 

where c is a factor obtained from Table 13.38 or 13.39 depending on whether 
a = 0.05 or 0.01 and from the analysis of variance table. The means are said 
to differ significantly when the appropriate confidence interval fails to in¬ 
clude 0. Furthermore, if the interval includes only positive values, the differ¬ 
ence is said to differ significantly from zero, and to be positive. Similarly, if 
the confidence interval includes only negative values, the difference is said 
to differ significantly from zero, and to be negative. If the interval includes 0, 
the means are said not to differ significantly. Summarizing then, the F test 
is made for the homogeneity of the means. If this hypothesis is rejected, 
Tukey’s procedure is applied to determine which of the means differ. 

A possible short-cut method for detennining the homogeneity of all the 
treatment effects is to check whether X^ax — Xtam. db c includes 0. If this 
contrast includes 0, every other contrast of this type includes 0, and hence 
all the treatment effects are called equal. If the above contrast fails to include 
zero, the corresponding treatment effects, and perhaps others, differ signifi¬ 
cantly. This short-cut method has a level of significance exactly equal to a. 
However, the data in the analysis of variance table are necessary for deter¬ 
mining the factor c, and for other results, so that this table should be com¬ 
pleted regardless. 

The factor c can be obtained from the data in the analysis of variance 
table and Table 13.38 or 13.39 depending on the level of significance. Table 
13.38 or 13.39 is entered with the indices degrees of freedom and the number 
of treatments studied (r). The proper degrees of freedom are those corre¬ 
sponding to the degrees of freedom of the within treatments source in the 
analysis of variance table, i.e., r(s — 1). The factor c* is read from the table; 
c IB obtained from c = c* Vss;/S. 

Scheff^’s procedure also leads to confidence statements and if we apply 
his test when the F test of homogeneity is rejected, the level of significance 
is preserved. On the other hand, if we apply Tukey’s test when the F test 
of homogeneity is rejected, we increase the significance level slightly. How¬ 
ever, if the only type of comparison of interest has the form f* — f j, Tukey’s 
procedure will result in shorter confidence intervals for than would 

Scheff6’s procedure.* Consequently, we are going to use the Tukey method, 
and proceed as i^ the significance level suffered a negligible increase. 

6.2.3 Estimating the variability due to the sources. In the analysis of variance 
table there is a column headed “Average mean square.” Estimates of these 
quantities are given in the column headed “Mean square.” If all the treat¬ 
ment means are equal, the entries in the “Average mean square” column 
would be v*. Consequently, it is expected, if all the means are equal, that the 
estimates given in the “Mean square” column will be close together. On the 

* If other type of contrasts are also desired, e.g., (fi + ft + f»)/3 — (f4 + f• + f»)/3, 
Scheff^’s proeeditre should be used. 
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other hand, if the treatments are in fact different, then the average value of 
the mean square for treatments will be increased by [s/(r — 1)] X) (f< ■*” f)*> 
which will tend to Increase the value of F, leading to a significant result and 
the detection of the differences. 

6.2.4 Example. Returning to the data on the tensile strength of carbon 
steel, the complete analysis of variance table is as follows: 


ANALYSIS OP VARIANCE TABLE FOR TENSILE STRENGTlt 


Source 

Sum of 
squares 

Degrees 

of 

freedom 

Mean 

square 

Average 

mean 

square 

Test 

Between treatments 

4,111,498,600 

3 

1,370,499,533 


F - 31.576 

Within treatments 

868,060,.500 

20 

43,403,025 



Total 

4.979.559,100 

23 

216,.502,670 




The completed computational procedure is given below: 

(1) Ri, Ri,..,,Rr^ 185,100; 216,800; 249,450; 390,700 

4 

(2) T = Ri = 185,100 + 216,800 + 249,450 + 390,700 = 1,042,050 

(3) 2 S “ (23,050)* + (36,000)* + ... + (63,750)* 

1-1 j-i 

= 50,224,067,500 


(4) 


1-1 
6 " 


(185,100)* + (216,800)* + (249,450)* + (390,700)* 

6 


(5) 


JI2 

M '' 

( 6 ) SSi 

(7) SS 


= 49,356,007,000 
1,085,868,202,500 
24 


45,244,508,400 


49,356,007,000 - 45,244,508,400 = 4,111,498,600 
50,224,067,500 - 45,244,508,400 = 4,979,559,100 


(8) SS 2 “ 4,979,559,100 - 4,111,498,600 = 868,060,500 


Since F.o5;3.2o 3.10 and F = 31.576 > 3.10, the hypothesis that 

= f, = is rejected and we conclude that the tensile strengths 
differ. In order to determine the magnitude of these differences, we compute 
c for r =* 4, r(s — 1) = 20. Here c* — 3.96, where the factor 3.96’s obtained 
from Table 13.38. 

Therefore, c 3.96(2689) =» 10,648, and any two means differing by this 
much differ significantly at a * 0.05. Thus the following differences are 
significant. 

0.60 from 0.40 
0.60 from 0.20 
0.60 from 0.10 
0.40 from 0.10 
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Confidence intervals of size 0.95 for the differences can be given, e.g., the 
confidence intervd for difference — f .10 is: 


so that 
Similarly 
so that 


■^.60 — ^.10 i c =® 34,267 ± 10,648 
23,619 < r.ao - f.w < 44,915 
X .0 - X.40 ± c = 23,542 dr 10,648 
12,894 < f.M - f.4o < 34,190 


6.2.5 Randomization tests in the analysis of variance. It has been empha* 
sized in the discussion of the i test in the analysis of variance that the random 
effects are assumed to be normally and independently distributed. These 
tests actually have a wider justification if they are considered special cases 
of what are called permutation tests. Suppose, for example, we are interested 
in testing the difference between two effects, say percentage of carbon, and 
suppose that the experimenter takes eight samples (let them be named 
o, h, c, etc.) and chooses four with a table of random numbers to receive 
treatment A and the other four treatment B. The results of this experiment 
are: 

A B 

a 2 f 17 

15 e 19 

b 10 c 18 

d 9 9 12 

He could test the hypothesis that there is no difference between treatments 

by calculating a I test or an F test, or consider it a one-way analysis of vari¬ 
ance, calculating an F with 1 and 6 degrees of freedom; the value of F is 6 
in this problem. Suppose he is interested in a level of significance of 0.05. 
Even if he is unwilling to assume normality, he can obtain a test of the hy¬ 
pothesis as follows: Consider all possible pairs of samples that can be formed 
with the eight numbers above; there are (t) = 70 different ways for the ex¬ 
periment to turn out (one for each way of selecting 4 of the eight numbers 
for treatment A). If there is no difference between treatments, each of these 
outcomes is equally likely. Suppose we adopt the procedure that we will 
reject the hypothesis of equality of treatments if we have one of the samples 
with the four largest differences in the mean; the probability of rejection 
when the hypothesis is true is 4/70 = 0.057, since ail 70 possibilities are 
equally likely. If the hypothesis is false, large differences are more likely. 

A partial list of the 70 outcomes (starting with most extreme'dnes) is: 


difference in means 



A 



B 



■H 

1 

F 

2 

9 10 

12 

15 

17 

18 

19 

-9 1 

14.84 

15 

17 18 

19 

2 

9 

10 

12 

+9 / 

2 

0 10 

15 

12 

17 

18 

19 

-7.6 1 

6.00 

12 

17 18 

10 

2 

9 

10 

15 

+7.5/ 
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differeoce in meant 



A 




B 




2 

9 

10 

17 

12 

15 

18 

19 

-6.5 

12 

IS 

18 

19 

2 

9 

10 

17 

+6.5 

2 

9 

12 

15 

10 

17 

18 

19 

-6.5 

10 

17 

18 

19 

2 

9 

12 

15 

+6.5 


Observe that only 4 of the 70 possibilities give values of F as large as that in 
the particular sample obtained. 

The significance level of the test is 0.057. If F =» 6 is looked up in the table 
it is seen to be significant at the 0.05 level (using the assumption of normality). 

This kind of test is called a randomization test. It has the drawback that 
for medium or large-sized samples the computational burden is enormous. 
For example, if there are 20 objects divided at random into two groups of 
10, then the number of possibilities is (lo) » 184,756, and listing the 5% 
most extreme cases would be prohibitive. 

Both numerical and analytical investigations* have shown, however, 
that for medium and large samples, the distribution of F obtained through 
enumeration of the possibilities is closely approximated by the tabulated F 
distribution. So wit^put assuming normality we can test the hypothesis of 
no treatment effects by making a randomization test, but instead of exactly 
evaluating the significance level by actual counting we content ourselves 
with an approximate evaluation, as yielded by the F tables. 


6.3 TWO-WAY CLASSIFICATION 

The reader is advised to read the section on the one-way classification 
before going on to this section. Experiments can be conducted in such 
a way as to study the effects of several variables in the same experiment. For 
each variable a number of levels may be chosen fqr study. When observations 
are made for all possible combinations of levels the experiment is called a 
factorial experiment. This section is concerned with a factorial experiment 
where the effects of two variables at several levels are to be studied. For 
example, W. J. Youdenf reports the following experiment. Counts are made 
on four samples of radium. If the four specimens are run consecutively, the 
four counts may be called experiment 1. The experiment may be repeated as 
often as desired, varying the order of the specimens at random in each ex¬ 
periment. The results of this investigation are given in Table 13.40 where the 
data are given as the net counting rates less 25.00. The experimenter is inter¬ 
ested in knowing whether these samples of radium are different. However, 
it is possible that the line voltage or other conditions that influence the 
counting rate varies from experiment to experiment. 

* The agreement between the two values 0.06 and 0.057 above is not merely by coin- 
eidence. 

t W. J. Youden, "The Interpretation of Chemical Data,” Induttrial Quaiity Control, 
May 1052. 



TABLB 13.40 'miW COUKTIKO SATB8 Um 25.Q0 


Specimen 

number 

t 

Experiment number 


Specimen 

average 

1 

2 

3 

4 

1 

1.46 

2.00 

1.48 

1.51 

1.61 

2 

2.58 

3.03 

2.82 

2.90 

2.83 

3 

4.15 

4.61 

4.31 

4.13 

4.30 

4 

4.54 

4.52 

4.53 

4.15 

4.44 

Experiment 

average 

3.18 

3.54 

3.28 

3.17 



Thus the model can be written 

Xtj = I'tj -{- t = 1, 2, 3, 4j j = 1, 2, 3, 4 

where 

Xti is the counting rate of the ith specimen in the jth experiment; 
f „ is the population mean counting rate of the ith specimen in the jih ex¬ 
periment; 

is the random effect assumed to be normally independently distributed 
with mean 0 and variance <r*. ' 

6.3.1 interaction. Before proceeding to make inferences about the structure 
of the it is useful to refer to Table 13.41, which is a table of population 
means. 


TABLE 13.41 TABLE OF POPULATION MEANS FOB COUNTING RATES 


Specimen 

number 

Experiment number 

Specimen 

mean 

Differences 

n 

2 

3 

4 

1 


fi* 

fii 

fu 

n 

fi. — f. . 

2 


rn 

f** 

tu 

r* 

“ f». ~ f.. 

3 


Tw 


ri4 

fi. 


4 

fti 

U 

r« 

f44 

r4 

*>4 =■ f4. — f. . 

Experiment 







mean 

f 1 

ft 

r.i 

f4 

r.. 


Differences 

= f 1 - r 

- f * - f 

7* •= f 1 - f . 

1 

'V 

1 

w 




Here i*,-. = 



can be written 



4 4 

t-1 i-1 


iii *=* f. ■+■ (fi. — .) + (f,y — f. .) + iXa — — f.y + f. .) 

= f. . + + 7y + no 

where — f-f f,. and is known as the interaction term. We 

say that an interaction between two effects, and 7 y, exists if the joint 

*20 
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effect ci tiie two taken nmultaneously ia different frcnn the sum tiieir 
separate effects. Thus either lye or muriatic acid may be an effective cleanser, 
but taken together they are ineffective, and would be said to interact. Or 
again, suppose there are five machines together with four workmen and it is 
desired to test whether machines differ in the number of units produced per 
day. It is quite possible that the second man may work better on the third 
machine than any other machine because he has worked for 20 years on such 
a machine. The resultant increased production cannot be assumed to be a 
characteristic of this man or of this particular machine, but a combination 
of only this man with only this machine, and we would say that interaction 
was present. In the counting rate problem we expect any cause raising the 
reading for one specimen in an experiment to raise all readings similarly, 
and so we may confidently assume the interactions between experiments and 
specimens to be zero, i.e., = 0 for all i and j. 

Returning to the table of means, we find the following linear relationships: 


= 0; 2^ yf 

t-i }-i 



0; y ] tfij — Oj va — 0 

t-1 J-1 


Furthermore, instead of the original 16 means, we have introduced new 
parameters which will supply the results. By writing = T,. + ^, + Ti + 
we can write the mean for the iih specimen and jth experiment as a constant, 
f. ., plus an effect due to the ith specimen which is constant over all columns, 
plus an effect due to the jfth experiment which is constant over all rows, 
7 j, plus the interaction between the ith specimen and jth experiment. Testing 
whether (1) the specimens are homogeneous, (2) the experiments are homo¬ 
geneous, and (3) whether there is any interaction is equivalent to testing; 


(1) ^ = <03 = ^4 = 0; 

(2) 7i = Ya = 73 = 74 * 0; 

(3) U.7 = 0 


for all % and j. 


6.4 TWO-WAV CLASSIFICATION—ONE OBSERVATION PER CELL AND NO INTER¬ 
ACTION ASSUMED 

In order to make an analysis with only one observation per cell it is 
necessary to assume that the interaction is 0. The model is as follows: 

Xii =* f.. + + 73 + 

where 

Xii is the outcome of the experiment using the tth row effect andjth column 
effect, t s* 1, 2, ..., r; j 1, 2, .. ., s; 
f.. is a general mean; 

r 

fPi is the effect of adding the ith row treatment; V - 0; 
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ry is the effect of ashling the^th column treatment; 2 y, " 0; 

is the random ^ect, which is independently normally distributed with 
mean 0 and variance 

d.4.1 Tests for homogeneity. Complete the following analysis of variance 
table (Table 13.42): 

Computational procedure for analysis of variance table is: 

(1) Calculate row totals: 

Rit • • • > 

(2) Calculate column totals: 

Cl, Cj, • • •, c# 

(3) Calculate over-all total: 

r =* iZi "f" Ri *!■••• 4" Rr 

(4) Calculate crude total sum of squares: 

V V n = -SHfi + + ... + X* 

(6) Calculate crude sum of squares between rows: 

-(R5 + fl3+ • •+«;)/« 

»-l • 

(6) Calculate crude sum of squares between columns: 

« (C? + C1 +,.. + C!)/r 

f=i ’ 

(7) Calculate correction factor due to mean * r*/r«. 

From the above quantities compute 

(8) SS, = (6) - (7) - - r/n 

1-1 ^ 

r ni 

(9) SS, . (5) - (7) =. X; . - 


(10) SS - (4) - c) - 2 n - T'/r, 

(11) SSt « (10) - (9) - (8) = 55 - 55a - SS, 


If 


F, 


554/(s ~ 1) 




SSt/ir - 1)(» - 1) 55; 

we reject the hypothesis that there is no column effect, i.e., 

yi * ys “ yi * ... - y. » 0 



TABLE 13.42 ANALYSIS OP VARIANCE TABLE, TWO-WAY CLASSIFICATION, ONE OBSERVATION PER CELL 









I 


lt^‘ 

jT 

t 

■i 


993 
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where !)(«<» t) is the upper a percentage point of the F distribution 

given in Table 13.27. 


„ p _ SS,/( r ~ 1) ^ r, 

“ SSt/{r - 1 )(« ~ 1 ) SS; - 

we reject the hypothesis that there is no row effect, i.e., 


where Fa;r-i,(r-i)(«-i) is the upper a percentage point of the F distribution 
given in Table 13.27. 

6.4.2 Tests for comparison of mean effect. If the hypothesis that there is no 
row effects or no column effects, or both, is rejected, Tukey’s method can 
again be applied to get confidence intervals on the difference between two 
row effects or two column effects. The probability is 1 — a that the value 
(vk — vi) for all such contrasts (for fc = 1, 2, . .., r; 1 = 1, 2, ..., r) simul¬ 
taneously satisfy 

y^k, — Xl. ““ C < < X*. — + C 

and the probability is 1 — a that the values ( 7 „ — y,) for aU such contrasts 

(for m = 1, 2, ..., s; n =s 1, 2, . .., s) simultaneously'satisfy 

X.m — — c < 7* — 7, < X.m — ^.n + C 


Again two mean effects are judged significantly different when 0 is not in¬ 
cluded in the confidence interval. 

The factor c for row effects and for column effects is obtained from the 
analysis of variance table and from Table 13.38 or Table 13.39 depending 
on the level of significance. Table 13.38 or 13.39 is entered with the indices 
degrees of freedom, and the number of row effects being studied (r) if row 
effects are of interest. The proper degrees of freedom are those corresponding 
to the degrees of freedom of the residual source in the analysis of variance 
table, i.e., (r — l)(s — 1). The factor c* is read from the table, and 

c (for rows) = c*\^SSI/s 

Similarly, if column effects are of interest, the table is entered with indices 
degrees of freedom and the number of column effects being studied (s). The 
factor c* is read from the table and 

c (for columns) => c* V SSl/r 

6.4.3 Estimatmg the variability due to the sources. If there were no row ef¬ 
fects and no column effects, the column headed “Average mean square” 
in the analysis of variance table would contain ir* for the row source entry 
and <r* for the column source entry. The residual entry is always a*. The 
entry for the* residual source, SSI, in the “Mean square” column estimates 
ff*. nie values in the “Mean square” column for row effects, SSI, and col¬ 
umn effects, 5^4, estimate the corresponding value in the “Average mean 
square” column. The value of SS* is an estimate of the total variability 
of the process (cpitesponding to the “Average mean square” entry). Since 
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[(r ~ l)/«](ss; - SSi) is an estimate of ^ and [(« - l)/r](55: - 

• .-1 

is an estimate of , t^e contribution of these main effects to the total 

j-i 

variability of the process can be estimated. 

In some investigations, concern with reducing the total variability around 
the general mean is paramount. In such a case, this kind of analysis can be 
of value in determining the relative sizes of various contributions to the 
variability. In many other experiments, differences around the general mean 
are more to be identified than reduced, and this kind of analysis is irrelevant. 

Many experiments which can be handled as a two-way analysis of variance 
might alternatively be attacked as a simpler one-way analysis of variance. 
For example, in the experiment on radium counts, rows correspond to speci¬ 
mens (difference among which we wish to estimate) and columns to experi¬ 
ments, where each specimen is handled in each experiment; this is a two-way 
plan. Alternatively, we could simply take 16 readings in random order, with 
each specimen being measured four times. The analysis of this second plan 
is arithmetically easier but it would seem to be a less precise experiment. 
Using the data and information given in the “Average mean square” column 
we can estimate the increase in precision resulting from using the two-way 
plan. This is done in the following way. 

Calculate 5*95 + [r/(rs — l)]^yj. This is an estimate of what the residual 
mean square would be had the experiment been done as a one-way analysis 
of variance. Clearly, if 53 7 * is large this means that the residual mean square 
for the one-way plan would be inflated from the value obtained by using the 
two-way plan. The ratio 

_ SSI + \r/irs - 1)1 Z yf 

® “ ss; 

is called the efficiency of the two-way plan relative to the one-way plan. 
And we can say approximately that for the same precision as that given by 
n observations in the two-way plan, e X n would be needed for a one-way 
plan. 

6.4.4 Example. Let us return to the example of the counting rates for differ¬ 
ent specimens of radium using different experiments. The completed analysis 
of variance table is obtained by following the computational procedure. 

( 1 ) Ri, Rz, Rz, R* » 6.45, 11.33, 17.20, 17.74 

( 2 ) Cl, Cz, C 3 , C 4 = 12.73, 14.16, 13.14, 12.69 

(3) T = 6.45 -H 11.33 -j- 17.20 + 17.74 = 52.72 

(4) S Z + . . . + (4.15)* 

= 195.6948 

/cA (6.45)* -1- (11.33)* -1- (17,20)* -K17.741* 

2 -/ 4 “ 4 

nr ^ 


195.1298 



t«.44 
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« 174.06355 

(7) T»/16 « (52.72)V16 = 173.7124 

(8) SSi * 174.06355 - 173.7124 = 0.3512 

(9) 553 = 195.1298 - 173.7124 - 21.4174 

(10) 55 =» 195.6948 - 173.7124 = 21.9824 

(11) 55s = 21.9824 - 21.4174 - 0.3512 = 0.2138. 




TABLE 13.43 COMPLETED ANALYSIS OF VARIANCE TABLE FOR COUNTING 
RATE PROBLEM 


Source 

Sum of 
squares 

Degrees of 
freedom 

Mean 

square 

Test 

Between experiments 

0.3512 

3 

0.1171 

Ft - 4.93 

Between specimens 

21.4174 

3 

7.1391 

Ft - 300.5 

Residual 

0.2138 

9 



Tot&l 

21.9824 

15 

1.4655 



F.0bii,9 3.86 


Consequently, we conclude that the specimen effects differ significantly, and 
the experiment effects also differ significantly. Hence, determining the largest 
effects is in order. 

For experiments and from Table 13.38 for a — 0.05 and for r = 4, « = 4. 

c* =« 4.42 

so that _ 

c * 4A2yl^ =» 0.3408 

Making the comparison between the second and fourth experiment effect, 
(3.54 - 3.17) - 0.34 < 72 - 74 < (3.54 - 3.17) + 0.34 
0.03 < 71 - 74 < 0.71 

It is evident that they differ significantly. Furthermore* the difference 7 * — 74 
can be said to lie between 0.03 and 0.71. 

It is evident by inspection that the only other significant difference is 
between 72 and 71 Hence we can conclude that experiment 2 produced an 
effect on the counting rate which was significantly different from the others. 
For specimens, c* also equals 4.42, so that c is again 0.3408. 

Making t}ie compailson between the third and fourth specimen effects, 

(4.44 - 4.30) - 0.34 < iPt - ^ < (4.44 - 4.30) + 0.34 
-0.20 < v »4 - «»i < 0.48 

It appears that these two specimens do not differ. From inspection of the data, 
it is evident tha^ these are the only two specimens that do not differ signifi- 
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cftntly. The difference between ^cimen effect 4 and specunen effect 1 can 
be said to lie between 2.49 and 3.17, i.e., 

2.49 < v»4 - ^ < 3.17 


6.4.5 Estimates of variability. The estimate of 


4^ 




yf 


j-i 




is 0.1171. The estimate of is 0.0238. Hence, the estimate of ^ yf is 

1(0.1171 - 0.0238) = 0.0699 
Similarly, the estimate of 


4^ 




<pt 


is 7.1391. Hence the estimate of ^ <Pi is 

• 1(7.1391 - 0.0238) = 5.3364 

We may now compute the value of 

SS'i + —^ E yf = 0.0238 + 77 ^, - 7 (0.0699) = 0.0424 

rs — 1 — 1 

and the efficiency of the two-way plan used, relative to a one-way plan (where 
the 16 readings would not be taken in sets of four) is: 0.0424/0.0238 = 1.78, 
which means that about 16 X 1.78 = 29 observations taken in random order 
would be needed to give as precise results as those obtained by using the 
two-way plan. 


6.5 TWO-WAY CLASSIFICATION—MORE THAN ONE OBSERVATION PER CELL— 
INTERACTION 

The model is as follows: 

Xijk = f. . + ^, + Yy + + «i;fc 

where 

Xiik is the outcome of the A:th experiment using the tth row effect and jth 
column effect, i == 1, 2, . .. , r;^ = 1, 2, . . . , s; fc = 1, 2, . .. , v; 
f. . is a general mean; 

r 

tpi is the effect of adding the tth row treatment, ^ = 0; 

t-i 

Yy is the effect of adding the jth column treatment, Yy = 0; * 

ilij is the interaction of the ith row treatment with the jth column treatment, 

r * 

^ Viy " 0, ^ “ 0; 
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Cvt ia the rand<nn effect which is independently nonnally (hstributed with 
mean 0 and variance a^. 

d.5.1 Tests for homogeneity. Complete Table 13.44. Computational proce* 
dure for analysis of variance table: 

(1) Calculate row totals: 

Rif Rif . * * 9 Rf 

(2) Calculate column totals: 

Cl, Cj,. •. 9 c» 

(3) Calculate within cell totals: 


W|l9 ^Vtf • • • 9 ^rt 

(4) Calculate over-all total: 

T “ ^1 -f- Rt -f- ... -b f2r 


(5) Calculate crude sum of squares: 

E E E-J%-x?„ + Jr!„ + ... + xi. 

*>■1 Jial 

(6) Calculate crude sum of squares between columns: 

^ rv TV 

(7) Calculate crude sum of squares between rows: 

Y = (fi? + + . ■. + Rf) 

^ 8 V 

(8) Calculate crude sum of squares between cells: 


^ ^ — (^^1 "b 4* • • • Wri) 


EE? = 


{9) Calculate correction factor due to mean / / sv 
From the above quantities compute: 

(X0)5S.-(6)-<9)-|:S-£ 

(n)SS..(7)-(9)H|;f-~ 

(12) as, - (5) - (8) 

-EE EJfJ*-E E*^/' 

*"1 i —1 *•! *•! j —i 

(13) S8 - (5) - (9) 




_ — 

•-1 *-l 


n 

rtv 


TABLE 13.44 ANALYSIS OF VARIANCE TABLE—^TWO-WAY CLASSIFICATION—INTERACTION 
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<li) SS, (13) (12) - (11) - (10) 

^JSS - SSi- SSi- SSt 

If there is mofe one observation per cell and it is assumed before the 
experiment i» performed that the interaction is zero, the interaction and within 
cells sums of squares are combined into a new row, where » SS^ + SSt. 


Source 

Sum of 
squares 

Degrees of 
freedom 

Mean square 

Average 

mean 

square 

Residual 

OBH 

(r - l)(s - D + 

r«(i; — 1) = 

rw — r — « + 1 

iS5'i/{r«p — r — « + 1) 

a* 


In all formulas, SSi and SS\ are replaced by SS[ and (851*, respectively. 

In making tests of significance, when interaction may be present, it is, 
important to first test for interaction. 

If Ft = 555/551 > wc rcject the hypothesis that there 

is no interaction present, i.e., that ij,, = 0 for all i, j, where Fa.(r-i)<«-i),«(»-!) 
is the upper a percentage point of the F distribution given in Table 13.27. 

If this hypothesis is rejected, the tests for significance of row effects and 
column effects are meaningless under the present formulation of the problem. 
For example, suppose there is interaction present between workmen and 
machines, and suppose that there are also significant machine effects. If a 
particular machine effect is positive, and interaction is present, there is no 
guarantee that this machine will produce more units consistently. Yet, this 
is what is implied by saying that this machine has a positive effect. Conse¬ 
quently, if interaction is present, tests for row effects and column effects are 
irrelevant. 

If the hypothesis that there is no interaction is accepted, we reject the 
hypothesis that there are no column effects, i.e., 

7i 72 = 7» = • • • = Y* = 0 

if F4 - 55;/55l > 

We reject the hypothesis that there are no row effects, i.e., 

fpl ^ = <P» <Pr 0 

if F| =® SSn/SSi > FaiT-iMv-t)- 

6.5,2 Tests for comparison of mean effects. If the interactions are not signifi¬ 
cant, the procedure for comparing row or column effects is exactly the same 
as for the two-way classification with one observation per cell except for the 
foUowmg changes. 

Tha factor c for row effects and for column effects is obtained from the 
analysis of variance table and from Table 13.38 or Table 13.39, depending 
on level of significance. Table 13.38 or 13.39 is entered with the indices 
degrees of freedom, and the number of row effects being studied (r) if row 











fSI 


ma] motmtiAi tfATtina 

effects are of interest. Tire proper d^recs of freedran are those corresponding 
to the degrees of freedom of the within cell sonree in the analysis of variance 
table, i.e., rs(y — 1). The factor e* is read from the table and 

c (for rows) = e*VsS[/vs 

Similarly, if column effects are of interest, the table is entered with im^tes 
degrees of freedom, and the number of column effects being studied (s). 
The factor c* is read from the table and 

c (for columns) = c*‘>/SSl/vr 

Of course, for finding confidence intervals, the calculated terms that are. 
of inteiest are X,-. . and X.y.. 

6.5.3 tistimating the variability due to the sources. In many problems to which 
this experimental plan is applicable the main concern is with estimating the 
size of row effect differences, column effect differences, and magnitudes of 
interactions. However, if the investigation is principally concerned with 
estimating the relative sizes of contributions to the total variance around 
the general mean, these can be estimated. 

The column of the^analysis of variance table headed “Mean square” is an 
estimate of the corresponding entry in the column headed “Average mean 

r g 

semare.” Consequently, we can calculate estimates of ^ yf, and 

t-i 1-1 

t 

t—i 1—1 

estimate of ^ y} = (jSSJ — S5I) * 


estimate of ^ ^ = (SS^ — SSI) 

i-l 


r — 1 


sv 


estimate of ^ = (.SSl — SSI) ^ ^ ^ 

t^i j^i 

We cannot appropriately calculate the efficiency of this design to a one¬ 
way plan, since the two plans are not really comparable; the information on 
interactions cannot be obtained from the one-way plan. 

6.5.4 Example. Youden* reports the following experiment to determine 
the effect of time of aging in the strength of cement. Twm mixes of cement 
were prepared and 6 specimens were made from each mix. Three specimens 
from each mix were tested after three days and after seven days. Interaction 
cannot be ignored since it is quite possible that the two mixes might not 
differ after a short period of time, but would after a longer period. This is 
equivalent to saying that the effect of an additional period of time is different 
for the two mixes, ie., interaction is present. The test specimens are 2-in. 
cubes that jdelded under the indicated loads, which are in units of 10 lb. 

♦ W. J. Youden, StaMicdl Methodt for Cherniy (New York. John WUey & Sons, Inc., 
1961), pp. 64-65. 



TABLB 13.45 YIELD LOADS FOB CEMENT SPECIMENS 



3-day test 

7-dsy test 

z 

Mix 1 


979 



674 

1038 

841.7 


648 

1051 


Mix 2 

661 

1070 



624 

1066 

854.3 


. 652 

1053 


X, 

653.2 

1042.8 



The following computations lead to the Analysis of Variance Table. 

(1) Ru Ri =» 5050, 5126 

(2) Cl, Cz = 3919, 6257 

(3) Wu, Wti, Wi2, Wn =» 1982, 1937, 3068, 3189 

(4) T = 5050 + 5126 = 10,176 

(5) 2 L L “ (660)* + (674)* 4-... + (1053)* 

».i j-i fli 

= 9,091,732 

Q ^ g9. 19). + (6257 1» _ ^ 

( 7 ) 11 - (50 5g )V-f . g.26) . - _ 3 


1-1 
2 2 


/QN (1982)* + (1937)* + (3068)* + (3189) * 

3 "3 

= 9,087,546 

(9) ~ = ^ 8,629,248 

(10) SSa * 9,084,768 - 8,629,248 = 455,520 

(11) SSi « 8,629,729 - 8,629,248 = 481 

( 12 ) SSi * 9,091,732 - 9,087,546 = 4,186 

(13) SS = 9,091,732 - 8,629,248 « 462,484 

(14) 55, = 462,484 - 4,186 - 481 - 455,520 = 2,297 


ANALYSIS OF VARIANCE TABLE FOB YIELD LOADS ON CEMENT SPECIMENS 


Source 

Sum of 
squares 

Degrees of 
freedom 

Mean 

square 

Test 

Betweo) 

455,520 

1 

455,520 

F - 870.54 

Between ndxes 

481 

1 

481 

F - 0.919 

InteraetioD 

2,297 

1 

2,297 

F - 4.39 

Wtthui cells 

4,186 

8 

523.25 


Total 

462,484 

11 

42,044 



fSS 






























INMUnUM. IfATitTMn •» 

The F values in the table for interaction and mixes is well below the critical 
5% value tm 1 and 8 degrees oS freedom, i.e., F,o 6 ;i ,8 « 5.32. Hence it is con¬ 
cluded that the data do not give sufficient evidence of the presence of inter¬ 
action or any mix effect. On the other hand, the F test for times is significant, 
so that it is concluded that there is an effect from the additional four days of 
aging. Furthermore, a comparison of the column means indicates that 

~ ^.1 c < yt — yi < X.i — X.i + c 
or 


(1042.8 — 653.2) — 30.4 « 359.2 < mean effect for 7 days — mean effect 

for 3 days 

< (1042.8 - 653.2) + 30.4 » 420.0 

where e is obtained from Table 13.38, using as indices: 8 = 2; degrees of free¬ 
dom = r 8 (t; — 1) = 8 ; c* = 3.26; so that 

c = 30.4 

In this problem we are not interested in finding the contributions of the 
main effects to the total variability about the mean. However, for illustrative 
purposes, we calculate the estimates of the magnitude of the main effects and 
interactions. 


estimate of time effects 

Z yj = iss: - SS{) 


8—1 


rv 


1 AtlA QQft 711 

- (455,520 - 523.25) ^ = 75,832.79 

estimate of mix effects 

L ipj = (5s; - SS\) = (481 - 523.25) | 

= 0 since 51 ^ > 0 
estimate of interaction effects 

1 


L L 17*0 = (ss; - ss\) ^ 


(2297 - 523.25) _ 1773.75 ^ ^5 

3 3 


6.6 THREE-WAY CLASSIFICATION 

The reader is cautioned to read the section on two-way classification, 
since the present article is merely a simple extension. The model is as 
follows: 

Xtjki *“ f. .. + IP* + + Xi + + Mi* + Pii* + e<i*i 

where 

Xijki is the outcome of the 2 th experiment using the ith treatment of fac¬ 
tor A, the ith treatment of factor B, and the A;th treatment of factor C; 
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TABLE 13.46 analysis OF FABtANCE TABLE. 


Source 

Sum of squam 

Degrees ot freedom 

Between treatments of 
factor C 

( 

55»-r«o^(X t - X )• 

i - 1 

Between treatments of 
factor S 

8 

554 - rtt; ^ (X , - X )* 

8 — 1 

Between treatments of 
factor A 

r 

55, - 8tv - X )* 

r — 1 

Interaction AB 

r F 

55,'** “ ^ 2] (Xi, - X. - X, + X )* 

1-1j-i 

(r - 1)(8 - 1) 

Interaction AC 

r t 

55/*^ - ts ^ (X. * - X, - X * + X )’ 

i=i *-i 

(r - l)ft - 1) 

Interaction BC 

^ t 

55, - w^J](X,*-X, -Xi+X )* 

j-l k^\ 

(8-i)a-i) 

Interaction ABC 

55, " Z Z L ~ - X. t - X ,* 

1-1 j — 1 t—1 

+ X. +X, +X * - X )> 

ir - m - l)a - I) 

Within cells 

r > 1 V 

55, = 2] y] y] y;(x»,*,-x.;*)* 

/Ti iTi i-i 

rsUv — 1) 

Total 

i»i j.i k’-i 1-1 

1 

rsip — 1 


in this table 


Xijkl/rit, X I -ttt Xijkl/rtv 


,.l j.l 

I V 


!• 1 ilr« 1 1 1 

1 « 


^ ^ Xtjkl/dv, Xj =* Xi)kl/tt 


jml i.t {.1 


t-l j.I 


« V 

1^. t " Xykl/$v; 








f 




A-l 



X.... 


.3r^/rrii 
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THREE-WAY CLASSIFICATION, INTERACTION 



i - 1, 2,..., r; J = 1, 2, ..., fc = 1, 2, i = 1, 2,..., t>; 

f.. . is a general mean; 

f 

(Px is the effect of adding the ith treatment of factor A, ^ «= 0; 

t * 

7 y is the effect of adding the jith treatment of factor B, Ty =» 0; 

t 

\k is the effect of adding the A:th treatment of factor C, ^ Xt » 0; 
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Ha is the interacticm of the tth treatment of factor A with the jth treatment 

r 9 

of factor -B, 2 2 = 0; 

i -1 

is the interaction of the tth treatment of factor A with the ibth treatment 

r I 

of factor ^ - 0; 






M/ft is the interaction of the ^'th treatment of factor B with the A;th treatment 

« i 

of factor C, = 2^ My* = 0; 

y-i *-i 

Pijk is the interaction of the ith treatment of factor A, thejth treatment of fac- 

r « < 

tor B, and the fcth treatment of factor C, ^ pijk = 2^ Piy* = 2^ Piy* = 0; 

f^l k^i 

tijki is the random effect, which is independently normally distributed with 
mean 0 and variance <r*. 

6.6.1 Tests for homogeneity. Complete the analysis of variance table (Table 
13.46). 

Computational procedure for the Analysis of Variance Table. For simplicity 
let r — 2, s » 4, t = 3, V = 2, and the data will appear in a table such as 
Table 13.47. 


TABLE 13.47 EXAMPLE OF DATA FOR THREE-WAT CLASSIFICATION 




Bx 




1 

i 

Xuii 

Ami 

Ami 

Ami 


1 

1 

Xim 

Am* 

Am* 

Ai41» 

4. 

C, 

Xnu 

Ami 

Ami 

Ai42I 


Aim 

Am* 

Am* 

A 14*1 


m 

Aim 

Ami 

Ami 

Alui 


B 

All** 

Am* 

A im 

A|4IS 


H 

A*ui 

Ami 

A*iii 

A*41i 


m 

A»ii* 

Am* 

A,si* 

As411 

4, 

Ct 

A*iji 

A***i 

Asm 

A*4S1 

Ajm 

A**ii 

Asm 

A*4ai 


c. 

Aim 

Ami 

Ami 

.Vs4Sl 


1 

Alin 

A***) 

A*an 

A*4a 


Form Tables 13.48, 13.49, and 13.50. 


For Table 13.48: 

(1) Calculate total = •+■ X 2 *** 

^ 4 3 s 


E E E E^<»- 

t-i y-i *-i 


(2) Calculate crude sum of squares and divide by the number of original 
individuals that have been summed to give the individuals in tiiis table: 


Xu** d" Jifa-'-*’ H“ ... “f- X\k** 


3 4 






TABLE 13.48 TABLE FOB FACTOBS A AND B 



Bt 

B, 

B, 

Bt 

Totals 


Xu** »■ total of 
all X’b whose 
first two sub¬ 
scripts are 1,1 

X12** •" total of 
all X'b whose 
first two sub¬ 
scripts are 1,2 

Xl 3 ** * totsJ of 
all X’b whose 
first two sub¬ 
scripts are 1,3 

Xi 4 ** ■> total of 
all X'b whose 
first two sub¬ 
scripts are 1,4 

Xi*** 

A, 

X21** ■■ total of 
all X’b whose 
first two sub¬ 
scripts are 2,1 

X22** ■“ total of 
all X’b whose 
first two sub¬ 
scripts are 2,2 

^23++ *“ total of 
all X’s whose 
first two sub¬ 
scripts are 2,3 

X24** •" total of 
all X’s whose 
first two sub¬ 
scripts are 2,4 

X2*** 

Totals: 


X* 2 ** 

X* 3 ** 

X* 4 ** 



TABLE 13.49 TABLE FOR FACTORS B AND C 



Bi 

Bt 

Bt 

Bt 

Totab 

Cl 

X+ 11 + — total of 
all X’b whose 
second sub¬ 
script is 1 and 
third is 1 

X*2i* »■ total of 
all X’b whose 
second sub¬ 
script is 2 and 
third is 1 

X+31+ =■ total of 
all .Y’s whose 
second sub¬ 
script is 3 and 
third is 1 

X+ 41 + ■« total of 
ail X’b whose 
second sub¬ 
script is 4 and 
third is 1 

X++1+ 

c, 

X+ 12 + * total of 
all X’s whose 
second sub¬ 
script is 1 and 

third is 2 

. 

X+ 22 + total of 
all X'b whose 
second sub¬ 
script is 2 and 
third is 2 

X+ 32 + = total of 
all X’b whose 
second sub¬ 
script is 3 and 
third is 2 

X+42^ = total of 
all X’s whose 
second sub¬ 
script is 4 and 
thii^ is 2 

X++2* 

Ct 

Jr+i3+ ■“ total of 
all X'b whose 
second sub¬ 
script is 1 and 
third is 3 

X* 23 * “ total of 
all X’b whose 
second sub¬ 
script is 2 and 
third is 3 

X+ 33 + =* total of 
all X’s whose 
second sub¬ 
script is 3 and 
third is 3 

X+ 43 + “ total of 
all X’b whose 
second sub¬ 
script is 4 and 
third is 3 

X++3+ 

Totals: 

X+1+* 

X* 2 ** 

X+3+* 

X* 4 ** 



TABLE 13.50 TABLE FOR FACTORS A AND C 



Cl 

c. 


Totals 

At 

Xm+ total of all 
X’b whose first sub¬ 
script is 1 and third 
is 1 

Xi* 2 * total of all 
X’s whose first sub¬ 
script is 1 and third 
is 2 

Xi-^ 3 + total of all 
X’s whose first sub¬ 
script is 1 and third 
is 3 

Xi+++ 

At 

X 2 + 1 * total of all 
X's whose first sub¬ 
script is 2 and third 
is 1 

X 2 '* 2 ^ Si total of all 
X’b whose first sub¬ 
script is 2 and third 
is2 

X 2 + 3 * total of all 
X’s whose first sub¬ 
script is 2 and third 
is 3 

X2++^ 

Totals: 

X**\* 

X++2* 

X++3+ 



9S7 
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(3) Calculate crude sum of squares between rows and divide by the number 
of original individuals that have been summed to give the row totals: 


Xj*** -b 

A' 24 “ 24 


(4) Calculate crude sum of squares between columns and divide by number 
of original individuals that have been summed to give the column total: 

12 “ 12 

(5) Calculate correction factor due to mean which is total squared divided 
by total number of observations: 

(i)» _ (LLLL 

48 48 


From the above factors computet 

(6) (2) - (5) 

(7) SS, = (3) - (5) - • 

(9) SS$‘ = (6) - (7) - (8) 

In a similar manner, using the other two tables, the following can be 
computed: 

(10) SSi 

( 11 ) ssr 

(12) SSr 

To get the remaining factors: 

(13) Calculate within cell totals from original data: 


‘Wm, . . . , Wm 

(14) Calculate crude sum of squares between cells and divide by number of 
observations per cell: 

^ ^ _ ^’iii 'b + > • • -b 

,«1 i=i fc4l 2 2 


(15) Calculate crude sum of squares: 


2 E ^ + -Hm + ... + XJu, 


Frtnn the above quantities compute: 

( 16 ) ss. - (IS) - (14) = LEEE XU - 
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(17) SS - (15) - (5) - ZZZZ 

(18) ^SS- SS, - SS, - 55a - 55^* - 55^^ - 55^ - 55i 
- (17) ~ (10) - (8) - (7) - (9) - (11) - (12) - (16) 

In making tests of significance when interaction may be present, it is 
important to test first for interaction between ABC. 

If = 552**^/551 > Fa;(r_i)(i-.i)(«_i),„<(#-!) we reject the hypothesis 
that there is no interaction between ABC present, i.e., that pi>* « 0 for all 
ijk. 

If this hypothesis is rejected, the tests for significance of effects A, effects B, 
and effects C are again meaningless under the present formulation of the prob¬ 
lem (see Art. 6.5.1 for a discussion). 

If is not rejected, we make tests for interaction between AB, BC, 
and AC. 

If F#* = 55^*’/55I > we reject the hypothesis that 

there is no interaction between AB present, i.e., that ijo = 0 for all t, j. 

If Fi^ = SSi^/SSl > Fa-,ir -i)«-i).rae(.-i) we reject the hypothesis that 
there is no interaction between AC present, i.e., that = 0 for all t, fc. 

If Fz^ - SSz^/SS\ > wc rejcct the hypothesis that 

there is no interaction between BC present, i.e., that njk — 0 for all j, fc. 

The presence of interaction between any two effects eliminates the need 
for tests of significance for these effects, since such a test is meaningless 
under the present formulation. 

If all four types of interaction may be present, it is necessary that there 
be more than one observation per cell to make the necessary tests. However, 
if it is assumed that the interaction between ABC is 0, i.e., p,jk = 0 for all 
ijk, a test can be formulated when there is only one observation in each cell, 
i.e., t> = 1. The sources “within cells” and “interaction ABC" are eliminated 
in the analysis of variance table. It is replaced by the source “residual.” 


Source 

Sum of squares 

Degrees of freedom 

Mean square 

Average 

mean 

square 

Residual 


(r - l)(s - l)(f - 1) 

SS'\ - 

a* 


>.i >.i it.i 

(Z,*.- Z-,*. 

— ^.fk. + . . + X,,. . 

+ — X. . . .)• 


ss\ 

(r - l)(a - m - 1) 

i 



All the tests are then made with the new source residual (550- For ease of 
computation SSi is obtained by subtraction. 

Returning to tests of significance, if the interaction terms are nonsignificant, 
the tests for effects A, B, and C are made in the usual manner. 







INOUITRfAl STATItTWt 


[«AS 

6.6.2 Tests for coni|iar!son of mean effects. If the intemciions are nonsignifi¬ 
cant, the procedure for comparing effects for factor A, effects for factor B, 
and effects for factor C is exactly the same as that given for the two-way 
classification except for the following changes. 

The value of c for factor A, for factor B, and for factor C is obtained from 
the analysis of variance table and from Table 13.38 or Table 13.39 depending 
on the level of significance. Table 13.38 or 13.39 is entered, using as indices 
the degrees of freedom, and the number of A effects being studied (r) if A 
effects are of interest. The proper degrees of freedom are those corresponding 
to the degrees of freedom of the within cells source in the analysis of variance 
table, i.e., rstiv — 1). The factor c* is read from the table, and 

c (for A effects) = c*VSSl/vst 

Similarly, if B effects are of interest, the table is entered with indices degrees 
of freedom and the number of B effects being studied (s). The factor c* is 
read from the table, and 

c (for B effects) = c*VSSI/vrt 

If C effects are of interest, the table is entered with in^ces degrees of free¬ 
dom and the number of C effects being studied (/). The factor c* is read from 
the table, and 

c (for C effects) = c*y/SS\/v'i8 

Of course, in considering confidence intervals, the calculated terms that 
are of interest are Xi. . X.,. and X. .t.. 

6.6.3 Estimating the variability due to the sources. Estimates of the entries in 
the “Average mean square” column are obtained from the “Mean square” 
column. Hence estimates of 


and 2 : 2 : 

iTi y-i 

estimate of 
estimate of 
estimate of 
estimate of 
estimate of 


E 


r « 


r t 


r t 


<Pt 


hml ia.lfc'al 


Piit can be calculated. 

23 = (ss; - SSI) * 


r 


«-l 


stv 


J' yj = (SS: - SSI) * * 

1-1 


rtv 


V x! = (ss; - SSI) ‘ ' 

k-l 


rav 


EE ril = (SSt‘^ - SSi) 




1-1 ;-l 
r t 


tv 


£ y; if4 = (sst‘^ - SSI) ^ ^ 


i-l k-l 
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estimate of T] ^ « (SSf^ - SS[) ~ 

/rl m rv 

estimate of E S S ^ ~ ~~ -l^ 

»r! /ii jftrl V 

6.6.4 Example. An electronic manufacturer was having difficulty with a 
particular type of tube, where the mutual conductance was running below 
the bogie value. Actually this tube is interchangeable in radio sets with an 
alternate. An experiment was performed to determine the effect of the exhaust 
variables, plate temperature, and filament lighting on the electrical character¬ 
istics of the tubes. Two levels of plate temperature and four levels of filament 
lighting current were used. 


TRANSCONDUCTANCB 




Filament lighting conditions 



Lx 

L» 

L, 

L 4 



3774 

4710 

4176 



Tube 

4364 

4180 

4140 


• 


4374 

4514 

4398 

3964 

Plate temperature Ti 


4138 

4276 

4228 

4292 


Alt. 

4503 

4168 

4670 

4386 



4352 

4244 

4280 

466C 



4216 

3828 

4122 

4484 


Tube 

4524 

4170 

4280 

4332 



4136 

4180 

4226 


Plate temperature Tt 


4074 

4224 

4108 

4326 


Alt. 

4030 

3922 

4070 

4312 



4350 

4146 

3940 

4426 


The analysis of variance table is completed by following the prescribed 
procedure. 


TABLE FOR FACTORS: TEMPERATURE AND LIGHTING CONDITIONS 



Lx 

Lt 

L, 

Lx 

Xi*** 

Tx 

25,505 

26,092 

25,792 

26,378 

103,767 

Tt 

25,330 

24,470 

24,746 

26,270 

100,816 

X*i** 

50,835 

.50,562 

50,538 

52,648 



( 1 ) Xi*** + X 2 *** “ 103,767 + 100,816 = 204,583 

( 25 . 505 )* + ( 26 . 092 )» + ... + ( 26 . 270 )» 
6 " 6 


872 , 531,808 
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(3) t - Qmj37 J ^ ^( mAW . 872,144,006 

(50.835)« + (50,562)« + (50,538)» + (52.64 8)* 

^ ,4l 12 ““ 12 

« 872,217,868 

(5) ^ ( 204J8 3} ^ ^ 871,962,581 

(6) (2) - (5) = 872,531,808 - 871,962,581 = 569,227 

(7) SS> » 872,144,006 - 871,962,581 = 181,425 

(8) SSt = 872,217,868 - 871,962,581 = 255,287 

(9) GSt^ = 569,227 - 255,287 ~ 181,425 = 132,515 


TABLE FOR FACTORS: TUBE AND LIGHTING CONDITIONS 



Li 

L, 

L» 

L, 

X**k* 

Tube 

25,388 

25,582 

25,342 

26,240 

102,552 

Alternate 

25,447 

24,980 

25,796 

26,408 

102,031 

X^j** 

50,835 

50,562 

50,538 

52,648 



(1) X**i* + = 102,552 + 102,031 » 204,583 

^ - (25,3 88)» + (25,5 82)^ + . . ■ + (26,408)« 

2^ Zj Q 6 

*-l jml ^ 

= 872,252,486 

(3) ^ . Q^52)1^102M)‘ . 871,968,236 

^ - (50.835)^ + (50,562)« + (50,538)=» + (52,648) * 
W 12 “ 12 ‘ 

» 872,217,868 

(5) fs " 

(6) (2) - (5) = 874,252,486 - 871,962,581 = 289,905 

(7) SSt = 871,968,236 - 871,962,581 = 5655^ 

(8) SSi = 872,217,868 - 871,962,581 = 255,287 

(9) -SSr = 289,905 - 5655 - 255,287 * 28,963t 


* 'rhis result is denoted by (10) in the computational procedure, 
t This result is denoted by (11) in the computational procedure. 
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TABUS FOB FACTORS, TUBBS, AND TEMPEKATURBS 



Tube 

Alternate 


T, 

51,664 

52,103 

103,767 

T, 

50,888 

49,928 

100,816 

X**k* 

102,552 

102,031 



(1) + Xi*** = 103,767 -{- 100,816 = 204,583 

(•X\ V V ^ - (51.664)* + (52,103)^’ + (50,888)^ + (49,928)* 

12 

= 872,190,435 

(3) = QOWMOMIB)* . 872,144,006 

(4) . (102,^2)i^^031i* ^ ^ 3^3 236 


(5) 


( 1 )* 

48 


(20^W ^ 871,962,581 


(6) (2) - (5) = 872,190,435 - 871,962,581 = 227,854 

(7) SSi = 872,144,006 - 871,962,581 = 181,425 

(8) SSt = 871,968,236 - 871,962,581 = 5655 

(9) = 227,854 - 181,425 - 5655 = 40,774^ 

(13) Will, Wii2, . . . , W248 = 12,512; 13,404;. .. ; 13,064 

(14) y y = (12,512)* + (13,404)* +. . . + (i 3 , 064 )« 

i^Ti iTi 3 3 

= 872,772,468 


(15) E E E E = (3774)* + (4364)* + . . . + (4426)* 

1-1 1-1 Jb-l I-l 

= 873,947,177 

(16) SSi = 873,947,177 - 872,772,468 = 1,179,709 

(17) SS = 873,947,177 - 871,962,581 = 1,984,596 

(18) = 1,984,596 - 5,655 - 255,287 - 181,425 

- 132,515 - 40,774 - 28,963 - 1,174,709 = 16.5,268 


The analysis of variance table reveals that only plate conditions give 
significant results. For plate temperatures, 

Xi. . . = 4323.6 and X*. . . = 4200.7 

From Table 13.38, for 32 degrees of freedom and r *= 2, c* = 2.88, so that 
c « 112.8. Hence, 


* Thia result is denoted by (12) in the computational procedure. 
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ANALYSIS OF VARIANCE TABLE FOB ELECTRONIC TUBE EXPERIMENT 


Source 

Sum 

of 

squares 

Degrees 

of 

freedom 

Mean 

square 

Average 

mean 

square 

Test 

Between tube or 
alternate 

5,655 

1 

5,655 


F - 0.154 
< F.06:1.32 

Between plate 
temperatures 

181,425 

1 

181,425 


F - 4.94 
> F.06;1.82 

Between lighting 
conditions 

255,287 

3 

85,095.7 


F » 2.32 

< ^’.05;3.32 

Interaction lighting 
conditions and plate 
temperatures 

132,515 

3 

44,171.7 


F - 1.20 

< F.06:3.32 

Interaction lighting 
conditions and tube 
or alternate 

28,963 

3 

9,654.3 


F - 0.260 

< F.05;3.33 

Interaction tube or 
alternate and plate 
temperatures 

40,774 

1 

40,774 

• 

F - 1.11 

< /^.05;1,32 

Interaction plate 
temperatures, lighting 
conditions and tube 
or alternate 

165,268 

3 

55,089.3 


F - 1.50 
< F.0SiZ,32 

Within cells 

1,174,709 

32 

36,710 



Total 

1,984,596 
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(4323.6 - 4200.7) - 112.8 = 10.1 < Ti effect - effect 

< (4323.6 - 4200.7) + 112.8 « 235.7 

Thus to increase the mutual conductance, the tubes can be manufactured 
under plate temperature T\. 

6.7 LATIN SQUARE 

In a three-way classification with four levels for each factor, there must 
be 4’ » 64 observations taken in order to analyze the experiment. 
Furthermore, it may be impossible to obtain observations for all combina¬ 
tions of all levels of the factors. For example, suppose that in the counting 
rate problem discussed in Arts. 6.3 and 6.4.4 there was an additional factor, 
order, besides the factors, specimens and experiments, i.e., a short-time 
effect may exist. It is impossible to obtain observations for aU combinations 
of all levels, since only one specimen can be measured first in the first experi¬ 
ment. (It must be remembered that experiments were actually long-time 
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differenoes.) The difficulty Is met by setting up the procedure so that all 
factors appear at the same number of levels. This procedure is an arrange¬ 
ment of the levels into a Latin square, which is simply a square array of 
letters such that every letter appears once and only once in every row and 
column. 


TABLE 13.51 LATIN SQUARE TABLE 


1 

2 

Row factor 

3 

4 


Column factor 
12 3 4 


A 

C 

B 

D 

B 

D 

A 

C 

D 

A 

C 

B 

C 

B 

D 

A 


We can identify the letters with the four specimens. The column factor 
is the experiment and*the row factor is the order. Thus the third specimen (C) 
is used second during the fourth experiment. Note that only 16 observations 
are required compared with the 64 if the factorial design were used (if it 
could be used). This saving is at the expense of a loss in degrees of freedom 
for estimating <r*. Furthermore, the analysis of such a Latin square design 
requires that there be no interactions present. In spite of these two draw¬ 
backs, the Latin square, when applicable, is of great importance from the 
point of view of industrial experimentation. 

The general model is 

** f. . . + ^* + + X(t) + €0(k) 

where the subscript i refers to rows, j to columns, and k to lettere in the 
square. The k is enclosed in parentheses to indicate that it is not independent 
of t and j. Then 

Xif(k) is the outcome of the experiment using the tth row effect, jth column 
effect, and (fc)th letter effect, t «■ 1, 2, ..., n;j = 1, 2, ..., n; k = 1, 2, 

... f tif 

. is a general mean; 

n 

is the effect of adding the ith row treatment, ^<pi = 0; 

n 

yj is the effect of adding the jfth column treatment, ^ Ty == 0; 

y-i 

n • 

X<*) is the effect of adding the (k)th. letter treatment, ^ X(*) *» 0; 

(fc)-i 

is the random effect which is independently normally distributed with 
mean 0 and variance or*. 
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67.\ Tests for homogeneity. Compute the following anal3rsi8 of 
table (Table 13.52). Computational procedure is as follows: 

(1) Calculate row totals: 

Rif Rif • • • t Rn 

(2) Calculate column totals: 

Cl, Ci, ..., Cn 

(3) Calculate letter totals: 

Li, Li, ,.., Ln 

(4) Calculate over-all total: 

T — Ri -h Ri Rn 

(5) Calculate crude sum of squares: 

E E-yi® = n + +... + n; 

i-i i-i 

(6) Calculate crude sum of squares between rows: 


^ ^Ldb-^Li.' • ■ Rn 

(7) Calculate crude sum of squares between columns: 


^Cl 
/=1 « 


C?-H Cl + ... + C2 


n 


(8) Calculate crude sum of squares between letters: 


n Tj 


E kii 

Th 

(fc)-l 


Li -{• lA lA 


n 


(9) Calculate correction factor due to mean 
From the quantities above compute: 


T*/n*. 


(10) SS. = (8) - (9) - ^ 

(fc) - 1 ” ” 


" ^3 rpi 

(11) SS. - (7) - (9) = E ^ 

» p2 rpi 

(12) SS..(6)-(9) = ga_^ 

« 

(13) SS - (5) - (9) - E EXi«, - ^ 

t-1 i-1 ” 

(14) SSi - (13) - (12) - (11) - (10) - - SSi - SSi - 55* 


CS.7.1 

variance 



TABLE 13.52 ANALYSIS OF VARIANCE TABLE, LATIN SQUARE 
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If F$ » SSl/SSi > Fa;n.i,(n-i)()i~ 3 } we reject the hypothesis that there 
are no letter effects, i.e., that 

X(i) “ Xcj) ■•...» X(ii) * 0 

If Fi « SSl/S^ > F«;H_i,(n-i)(ii- 2 ) we reject the hypothesis that there 
are no column effects, i.e., that 

7i = 7« = .. • “ 7» = 0 

If Ft “ SSa/SSa > Fa;n_i,(„_i)(„_ 2 ) we reject the hypothesis that there 
are no row effects, i.e., that 

=*•••“ <Pi» " 0 

6.7.2 Tests for comparison of mean effects. The procedure for comparing let¬ 
ter effects, row effects, and column effects is exactly the same as for the two- 
way classification except for the following changes. 

The factor c for ail three effects is obtained from the analysis of variance 
table and from Table 13.38 or 13.39, depending on the level of significance. 
Table 13.38 or 13.39 is entered, using as indices the degrees of freedom, and 
the number of levels of each factor (n). The proper degrees of freedom are 
those corresponding to the degrees of freedom of the residual source in the 
analysis of variance table, i.e., (n — l)(n — 2). 

The factor c* is read from the table for all three effects, and c is obtained 
from c — c*\^SSa/n. Of course, for finding confidence intervals, the calcu¬ 
lated terms that are of interest are X,., Xj, and X(t). 

6.7.3 Estimating the voriability due to the sources. Estimates of the entries in 
the “Average mean square” column are obtained from the “Mean square” 

n n n 

column. Hence estimates of ^ yf, and Y] X?*) can be calculated. 

»-i i-i (*)-i 

estimate of = (SSi - SSi) 

i=i ” 

E yj = (Ss: - SSi) 

f=i ” 

^ X?*, = (SSI - ss;) 

Often an experiment which can be treated as a Latin square might alter¬ 
natively be attacked as a two-way plan, neglecting either the row or column 
grouping. For example, the counting rate problem has already been presented 
where the specimens were measured in random order in each experiment. 
We mi|^t hope to increase the precision by requiring that each specimen be 
measured ffrst in one experiment, second in another, third in another, and 
fourth in another. This experimental plan is a more complicated one to carry 
out, and it will be worth while to assess how much the precision is increased 
.as a guide in deciding how future investigations of a similar sort should be 
conducted. 


estimate of 
estimate of 
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The efficiency is calculated as: 

* “ ss; 

when the row grouping is neglected and 

s5; + ~t|;^ 

when the column grouping is neglected. 

We can say appro-ximately that for the same precision as that given by the 
n* observations in the Latin square, e X n* would be needed for a two-way 
plan. 

6.7,4 Example. Consider the problem of the net counting rates described 
at the beginning of the article, where the factor “order” has been included. 
The letters represent specimens. The data are: 


TABLE 13.53 NET COUNTING BATES LESS 25.00 



The analysis of variance table is obtained by following the computational 
procedure. 

(1) El, Rt, Rz, Rt « 13.04, 12.71, 13.75, 13.22 

(2) Cl, Cz, Cz, C« - 12.73, 14.16, 13.1,4, 12.69 

(3) La„ L{„, L(„, L(4) » 6.45, 11.33, 17.20, 17.74 

(4) T - 13.04 + 12.71 + 13.75 + 13.22 = 52.72 

(») L Z - (1-46)* + (4.61)* + ... + (1.51)* 

*•1 i-l 


« 195.6948 
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(8) _ (6.45)« + (n.33)-+ (17.20)» + (17.74)« _ ^^98 

(9) r>/n’ - 173.7124 

ID 

(10) SSi * 195.1298 - 173.7124 = 21.4174 

(11) SSi = 174.06355 - 173.7124 = 0.3512 

(12) SSz * 173.8542 - 173.7124 - 0.1418 

(13) SS = 195.6948 - 173.7124 = 21.9824 

(14) SSi = 21.9824 - 21.4174 - 0.3512 - 0.1418 - 0.0720 


ANALYSIS OF VARIANCE TABLE FOR LATIN SQUARE DESIGN 
OF THE COUNTING RATE EXPERIMENT 



Sum 

of 

squares 

Degrees 

of 

freedom 

Mean 

square 

Average 

mean 

square 

Test 

Between letters (specimens) 

21.4174 

3 

7.1391 



Between columns 
(experiments) 

0.3612 

3 

0.11707° 



Between rows (order) 

0.1418 

3 

0.0473 

■Bl 


Residual 

0.0720 

6 

0.0120 



Totals 

21.9824 

15 

1.4655 




For a critical value F.o 5 ; 3.6 = 4.76, we see that the data indicate that both 
the specimens and experiments reveal signiBcant differences. To judge which 
specimens differ, we enter Table 13.38 with n = 4 and degrees of freedom *= 6, 
and c* = 4.90, so that 

c = 4.90 X iVo.0120 » 0.2695 

and we can make such statements as: specimen 1 differs from specimen 2, 3, 
and 4; specimen 2 also differs from specimen 3 and 4; and furthermore with 
a confidence level of 0.95 we can make such statements as 

(4.44 — 1.61) — 0.27 = 2.56 < mean effect of specimen 4 — mean effect of 

specimen 1 

< (4.44 - 1.61) + 0.27 - 3.10 

Similarly experiment 2 differs from experiment 1 and from experiment 4. 
To estimate the magnitude of the main effects we find 

for specimens, “ (7.1391 — 0.0120)| = 5.3453 

for experiments, 21 "tf (0.11707 — 0.0120)f = 0.08690 

for order, E ^ (0.0473 - 0.0l20)i - 0.0265 
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We can compute now the efficiency of the Latin square relative to the two- 
way plan for these data where order is ignored. 


0.0120 + (0.0265) 

0.0120 


1.74 


This indicates tliat we have increased our information per observation by 
more than half, by taking account of order (in addition to experiments) in 
the design. 

In the earlier treatment of these data, using only a two-way analysis, the 
value of c for getting confidence intervals was 0.34; in the present analysis 
the value of c is 0.27, which exhibits tangibly the gain resulting from the 
use of the Latin square design. 


6.8 COMPONENTS OF VARIANCE MODEL 

Throughout this article we have treated the problem where each ob¬ 
servation is composed of two components, namely, the unknown mean 
of the population froifi which the observation is drawn and which is common 
to all observations within a set, and the deviation from this mean. Depending 
on the number of factors involved, each set mean could be further subdivided, 
and tests made on the component parts. 

For example, in a small laboratory four thermometers are used inter¬ 
changeably to make all temperature measurements. A natural question to 
ask is whether these thermometers differ. The model can be described as an 
observation consisting of a mean value common to a particular thermometer, 
and a deviation from this mean. Observations on a thermometer at the same 
temperature differ only because of these random deviations. A difference in 
thermometers is equivalent to speaking of a difference in the thermometer 
means. The techniques described above handle such problems. 

However, it is po.ssible that the problem at hand does not fit this model. 
For example, suppose that there are hundreds of thermometers used inter¬ 
changeably to make temperature measurements. To perform an experiment 
with all the thermometers is too costly, and a random sample of 4 theiroom- 
eters is drawn to determine whether thermometers differ. Naturally, the 
experimental results will depend heavily on which thermometers are chosen. 
Yet inferences are to be made about all the thermometers in the laboratory. 
The measurement may be considered as consisting of the two random com¬ 
ponents: (1) the deviation of the thermometer measurement from the mean 
value (rf the particular thermometer used, and (2) the deviation of the ther¬ 
mometer mean from the over-all mean of all the thermometers in the labora¬ 
tory. 

We are interested in determining not whether these particular thermom¬ 
eters chosen at random differ, but whether all the thermometers in the 
laboratory, of which these particular four thermometers are samples, differ. 
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Another way of expwesfflng this is to determine whether the deviation of the 
populaticm means the different thermometers from the over-all mean are 
lero, i.e., the thermometer variance is zero. This type of problem can be 
characterized in that each observation is regarded as the sum of three com¬ 
ponents, namely, an unknown constant, the mean, which is common to all 
observations, and two random components which give rise to the total vari¬ 
ability; one component producing the variation within the sets of observa¬ 
tions, and the other producing the variation between the sets of observations. 

Although it is important to distinguish between the two models formally, 
the analysis of variance table, computations, and procedures for significance 
tests are identical in both cases, with the following exceptions: (1) The col¬ 
umn in the analysis of variance table headed “Average mean square" is re¬ 
placed by a column headed “Components of variance." For example. Table 
13.42 for the two-way classification would have the following entry 

Sources Components of variance 

Between rows: o* + 

Between columns: -^ 

Residual: 

« 

The entries in the “Mean square" column are now estimates of the entries 
in the column headed “Components of variance," so that ofrows) and 
can be estimated. (2) If the possibility of interactions are allowed in the 
model, the sum of squares for main effects are usually compared with the 
proper interaction sum of squares in tests of significance. For example, for 
the two-way classification, with interaction, the test for interaction is still 
Ft *» SSt/SSi. However, the test for column effects involves SSl/SSi, and 
the test for row effects involves SSl/SSl. 


6.9 habtley’s test fob homogeneity of vabunces ’ 

Since a primary assumption in the analysis of variance is that the 
within-group variability be constant for all groups, we may wish to 
test the hypothesis that or? = <ra **...=» a*. 

The following test, known as Hartley’s Fmn. test, will be suitable for the 
purpose. 

Reject the hypothesis that the variances are equal when 

Tj _ largest sf . „ 
smallest s? "" “ 

where 

. _ ^ (X, — x.)« _ ^ n nXf 

and n «■ number of observations within each group (assumed the same for 
each group). Values of are found in Table 13.54 by entering with n and k 
(the number oi variances being considered). 
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TABLE 13.54 UPPER PERCENTAGE POINTS OP THE RATIO IN 

A SET OF k MEAN SQUARES, EACH BASED ON fl OBSERVA¬ 
TIONS (Normal variation assumed)* 


(a) 5% points 


X 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

3 

39.0 

87.5 

142 

202 

266 

333 

403 

475 

550 

626 

704 

4 

15.4 

27.8 

39.2 

50.7 

62.0 

72.9 

83.5 

93.9 

104 

114 

124 

5 

9.60 

15.5 

20.6 

25.2 

29.5 

33.6 

37.5 

41.1 

44.6 

48.0 

51.4 

6 

7.15 

10.8 

13.7 

16.3 

18.7 

20.8 

22.9 

24.7 

26.5 

28.2 

29.9 

7 

5.82 

8.38 

10.4 

12.1 

13.7 

15.0 

16.3 

17.5 

18.6 

19.7 

20.7 

8 

4.99 

6.94 

8.44 

9.70 

10.8 

11.8 

12.7 

13.5 

14.3 

15.1 

16.8 

9 

4.43 

6.00 

7.18 

8.12 

9.03 

9.78 

10.5 

11.1 

11.7 

12.2 

12.7 

10 

4.03 

5.34 

6.31 

7.11 

7.80 

8.41 

8.95 

9.45 

9.91 

10.3 

10.7 

11 

3.72 

4.85 

5.67 

6.34 

6.92 

7.42 

7.87 

8.28 

8.66 

9.01 

9.34 

13 

3.28 

4.16 

. 4.79 

5.30 

5.72 

6.09 

6.42 

6.72 

7.00 

7.25 

7.48 

16 

2,86 

3.54 

4.01 

4.37 

4.68 

4.95 

5.19 

5.40 

5.59 

5.77 

5.93 

21 

2.46 

2.95 

3.29 

3.54 

3.76 

3.94 

4.10 

4.24 

4.37 

4.49 

4.59 

31 

2.07 

2.40 

2.61 

2.78 

2.91 

3.02 

3.12 

3.21 

3.29 

3.36 

3.39 

61 

1.67 

1.85 

1.96 

2.04 

2.11 

2.17 

2.22 

2.26 

2.30 

2.33 

2.36 

00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 


(b) 1 % points 


X 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

3 

199 

448 

729 

1036 

1362 

1705 

2063 

2432 

2813 

3204 

3605 

4 

47.5 

85 

120 

151 

184 

216 

249 

281 

310 

337 

361 

5 

23.2 

37 

49 

59 

69 

79 

89 

97 

106 

113 

120 

6 

14.9 

22 

28 

33 

38 

42 

46 

50 

64 

67 

60 

7 

11.1 

15.5 

19.1 

22 

25 

27 

30 

32 

34 

36 

37 

8 

8.89 

12.1 

14.5 

16.5 

18.4 

20 

22 

23 

24 

26 

27 

9 

7.50 

9.9 

11.7 

13.2 

14.5 

15.8 

16.9 

17.9 

18.9 

19.8 

21 

10 

6.54 

8.5 

9.9 

11.1 

12.1 

13.1 

13.9 

14.7 

15.3 

16.0 

16.6 

11 

5.85 

7.4 

8.6 

9.6 

10.4 

11.1 

11.8 

12.4 

12.9 

13.4 

13.9 

13 

4.91 

6.1 

6.9 

7.6 

8.2 

8.7 

9.1 

9.5 

9.9 

10.2 

10.6 

16 

4.07 

4.9 

6.5 

6.0 

6.4 

6.7 

7.1 

7.3 

7.6 

7.8 

8.0 

21 

3.32 

3.8 

4.3 

4.6 

4.9 

5.1 

6.3 

5.5 

5.6 

5.8 

6.9 

31 

2.63 

3.0 

3.3 

3.4 

3.6 

3.7 

3.8 

8.9 

4.0, 

4.1 

4.2 

61 

1.96 

2.2 

2.3 

2.4 

2.4 

2.5 

2.5 

2.6 

2.6 

2.7 

2.7 

«0 

1.00 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 


_, _ (rom H, A. David, “Upper 5 and 1 , Points of the Maximum F>Rstio.’’ 

Miomelrika, Vci. 39, Farts and 4, DeoemW 1952, p. 434. 
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7. ANALYSIS Of ENUMERATION DATA—CHI-SQUABE TESTS 
7.1 INTRODUCTION 

The problems considered in Art. 4 dealt with the measurements on 
certain variables; there are many experiments in which we count the 
number of cases which fall into specified categories. For example, we may 
record the number of defective items produced by various machines, the 
number of errors made by several operators, the number of hits and misses 
made by several firing control devices, the number of accidents as a function 
of the shift. 

We will assume that each sample observation must fall into one and only 
one of k categories; let Oi, O 2 , . . . , 0* be the observed frequencies for each 
category. We are interested in testing hypothe.ses about the true relative 
frequencies. 



Ob.served 

Theoretical 

Category 

frequency 

frequency 

1 

0, 

Ei 

2 

0, 

Ei 

C 

k 

b* 



The test statistic is 

, (0, - e.)’ 

* .S E. 

which for large enough samples has an approximate distribution with a 
number of degrees of freedom which depends on how the data are used in 
computing the E,.* Several problems of this sort are described in the following 
articles. 


7.2 THE HYPOTHESIS COMPLETELY SPECIFIES THE RELATIVE FREQUENCIES OF 
THE CATEGORIES 

Consider pi, p 2 , ..., p*, where p,- is the true relative frequency of 
the tth category. In this type of problem, the theoretical frequencies 
are calculated from the formula Ei = Npi and the x* statistic has k — I 
degrees of freedom. 

7.2.1 Example. The total number of defective units in a day’s production 
was tabulated by shifts. 


The following rules of thumb can be used to assess adequacy of sample size; 

1 . If X* has from 2 to 15 degrees of freedom, all E, should be at least 2.5. 

2. If is computed from a 2 X 2 table (which will be discussed below), all Ei should 
be at least 5; however, if all but one of them is at least 5, the remaining one may be as 
femail as 1 with little distortion in significance level 
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Observed Theoretical 

frequency frequency 

Shift 1: 20 26.67 

Shift 2: 36 26.67 

Shift 3: 24 26.67 


It is of interest to see whether the variation from shift is due to chance 
or whether there is a real difference in the occurrence of defectives. That is, 
we test the hypothesis that the true relative frequencies of defectives are the 
same on all shifts, i.e., pi = P 2 = p* = Our test statistic is 

, (20 - 26.67)^ (36 - 26.67) ^ (24 - 26.67)» 

^ “ 26.67 “*■ 26.67 26.67 

_ 44.4889 87.0489 7.1289 

26.67 ■*” 26.67 26.67 

= 1.6681 + 3.2639 4- 0.26730 = 5.1993 < xofi:a 

Therefore we accept the hypothesis and conclude that the data do not indicate 
that the frequencies differ. 


7.3 TEST OF INDBPBfiPENCE IN A TWO-WAY CLASSIFICATION 


Often frequency data are tabulated according to two criteria, with a 
view toward testing whether the criteria are associated. Consider the 
following analysis of the 157 machine breakdowns during a given quarter. 


NUMBER OF BREAKDOWNS 


Machine 



A 

B 

C 

D 

Total per shift 

Shift 1 

10 

6 

12 

13 

41 

Shift 2 

10 

12 

19 

21 

62 

Shift 3 

13 

10 

13 

18 

54 

Total per machine 

33 

28 

44 

52 

157 


We are interested in whether the same percentage of breakdowns occur on 
each machine during each shift or whether there is some difference due 
perhaps to untrained operators or other factors peculiar to a given shift. 

If the number of breakdowns are independent of shifts and machines, the 
probability of a breakdown occurring in the first shift and in the first machine 
can be estimated as • 


Pu 


IL V ^ 

157 ^ 157 


0.05489 


If there are 157 breakdowns, the expected number of breakdowns on this 
shift and machines is estimated as 


En = 157 X pii = 8.6177 
Similarly for the third shift and second machine 

p” - i X § = 

Esa == Pj2 X 157 ** 9.6306 
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This is done for aH categories, and 

’ * (0,, - g.,)‘ 


zr 

1-1 ;-l 


E 


w 


(10- 8 6177)» (6-7.3120)* (1 8 - 17.885)* 

8.6177 7.3120 +•••■»■ 17.835 " -^02 


This is to be compared with the x* statistic given in Table 13.26 for 
(3 — 1)(4 — 1) — 6 degrees of freedom, i.e., xo#,0 * 12.6. Hence we accept 
the hypothesis and conclude that the data do not indicate different per¬ 
centages of breakdowns on each machine during each shift. In general, for 
an r by s table, we have 


X* 


-EE 

1-1 j-i 


(Oy 


which has an approximate x* distribution with (r — l)(s — 1) degrees of 
freedom. 


7.4 COMPUTING FOBM FOE TEST OF INDEPENDENCE IN A 2 BY 2 TABLE 

An important special case of the test of independence arises when both 
criteria of classification have two categories; the data may be repre¬ 
sented in a 2 by 2 table. The data may be represented in the following way: 


First Criteria 


Second 

a 

b 

a -|“ h 

criteria 

c 

d 

<• + d 


a + c 

b + d 



In this case the chi-square statistic which has one degree of freedom may be 
written 

j ^ (ad — hcy(a -f b -f c -f- d) 

^ “ (a + b){a -f c)(6 + d){c -|- d) 

7.4.1 Example. From the following data, determine whether the same 
percentage of breakdowns occur on each machine using material from each 
supplier. 


NUMBER OF MACHINE BREAKDOW’NS 


Machine 

1 

Supplier A 

Supplier B 


I 

4 

9 

13 

11 

15 

3 

18 


19 

12 

31 
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. (12 - 135)«(31) 

^ (13)(19)(12)(18) 


8.8 > jd»:t - 3.84 


Therefore, we reject the hypothesis that the percentage of breakdowns is the 
same for each machine using material from each supplier. 


7.5 COMPARISON OF TWO PEBCENTAGBS 

A problem which in many cases is equivalent to the test of independence 
in a 2 by 2 table is the problem of testing equality of two percentages. 
Suppose, following Wallis,* we have the following data on two fire control 
devices. 



Hits 

Misses 


Old 

3 

197 

200 

New 

4 

196 

200 

• 

400 


Suppose we want to test the h}rpothesis that the percentage of hits is the 
same and want to reject when the new is superior, i.e., has a larger percentage 
of hits. If we let Ps be the observed proportion for the new experimental 
method, Ps be the observed proportion for the standard, and N be the num¬ 
ber of triab with each method, then 

P_ VnCPk - Ps) 

“ V(P, + Ps)[l - {Ps + Ps)/2] 


has approximately the normal distribution, and we would reject when 
U > Ka. For the above data Ps =» 0.015, Pa = 0.020, and 


V200(0.005) _ 

VO.020 + 0.015(1 - 0.035/2) 


0.3795 < 17.06 


1.645 


and we accept the h.vpothesis and conclude that the data does not reveal that 
the new device is bcLter than the old one. 

In terms of the notation of the last section, 

TT _ -f 5 + c + cl (ad — be) 

“ Via + 6)(a + c)(6 + d)(c -f d) 

If we are interested in rejecting whenever the proportions differ, we could 
reject when \U\ > Ka /2 or when C/* > A*/a. This is exactly the same as 
analyzing the data by the method in the last article. 


* Eiienhart, Haatay, and Wallis, Techniques of StcAUiunii Analysu 
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A nomogram for (tetermining sample size in problems of this sort is attached. 
It requires a guess at the true values of the percentage of hits with the stand¬ 
ard and experimental method. Detailed instructions are on the nomogram 
(Fig. 13.46). 


FIG. 13.46 NUMBER OF CASES REQUIRED FOB COM¬ 
PARING TWO PERCENTAGES. 
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Reprinted by permission from C. Etsenhart, M. W. Has* 
tay, and W. A. Wallis, Techmquea of Statmtiral Analy- 
tu (New York: Mc<3raw-Hill Book (Ikinipany, Inc., 
1947). 


Directions: 

1. Select values of a, p. Pa, and Pa (see explanation). 

2. Locate the value of a on the scale marked “a”. 

3. Locate the value of p on the scale marked “p". 

4. Locate the point at which a straight line from a to p cuts the scale 
marked "A”. 

6 . Locate the value of Pa on the scale marked "Ps”. If Ps exceeds 0.50 use 
1 — Pa and make a corresponding change of Pe to 1 — Pm. 

6 . Locate the value of Pe on the scale marked "Pe" 

7. Locate the point at which a straight line from Pa to Pe cuts the scale 
marked "B”. 

8 . Locate the point at which the scale marked "AT" is cut by a straight line 
from the point on "B" to the point on "A". The "N" scale is calibrated so 
that the required sample size N is given opposite this point. 


Explanation: 

Call the two percentages being compared the “standard” and the “experi¬ 
mental.” 
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a 18 defined as follows: We will conclude that the experimental method 
is better only if it shows in the experiment a superiority so great that 
the probability of this much superiority would be only « if the true 
long-run percentages were equal. In other words, a is the probability that we 
will erroneously judge the experimental method better when, in fact, the 
two methods are equally good. 

is the probability that we will fail to judge the experimental method 
better when, in fact, it is better. In other words, it is the probability that 
the experimental method, although actually better in the long run, will 
show a smaller superiority in the experiment than is required by the value of 
a for concluding that it is better. 

Pb is an estimate of the true long-run probability for the standard method. 
This estimate can be based on prior experience, scientific judgment, etc. 

Pb is an estimate of the true long-run probability for the experimental 
method. This estimate may be determined like that for Pg; or it may be the 
smallest figure above Pg for which it would be important to detect the 
superiority. For example, if Pg = 0.10, and if it would be important to detect 
any superiority of mere than 50 per cent, we set P® = 0.15. 


N is the number of trials with each method required in the experiment, as 
given by the formula 



/ Ka + Kp 

Varc sin v^s — arc sin \/Fe 


) 


a 


where Kt is given by 


OO tS 



and angles are measured in radians. 



WyStt H. LcWiSf Manager of Quality control at 
the Ontario, California, Plant of the General Electric 
Company, Small Appliance Division, has been given 
credit for initiating and operating the first successful 
statistical quality control program on the West Coast. 
The success of this program had an important influence 
on the establishment of the War Pr^uction Board’s 
training program in statistical quality control during 
World War II. The exceptional growth of statistical 
quality control in American industry was greatly influ* 
enced by this training program. 

For his work of outstanding merit in 1952, Mr. Lewis 
received the General Electric Company’s Charles A. 
Coffin Award, the Company’s highest honor to em¬ 
ployees. Mr. Lewis has actively promoted quality con¬ 
trol through his service in the American Society for 
Quality Control. He was secretary of the Los Angeles 
Section for several years, its chairman in 1950-51, and 
Western Regional Director and Director of the National 
organization. He has presented a number of papers at 
the national conventions and in many local sections. 
He has served on the Brumbaugh Award Committee 
and the Nominating Committee. 

A native of Pasadena, Mr. Lewis received the B.S. 
degree in chemical engineering from the California In¬ 
stitute of Technology in 1933. He was employed as a 
Junior Chemical Engineer by the American Potash and 
Chemical Corporation at Trona from 1934 to 1937. He 
moved to the Sunkist Orange By-products plant at 
Ontario, as Pectin Plant Supervisor and Senior Chemi¬ 
cal Engineer. At the outbreak of World War II, he 
sought a position where he could directly contribute to 
war production, and became associated with the On¬ 
tario Plant, General Electric Company. His first assign¬ 
ment was inspection planning, which led to later assign¬ 
ments in quality controL 
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1. FUNCTION AND RESPONSI¬ 
BILITIES 

1.1 INSPECTION 

As long as man has made things, 
he has had some objective in mind. 
When his work is completed, he deter¬ 
mines if he has accomplished his objec¬ 
tive, and if the article serves its intended 
purpose. The latter act typifies the in¬ 
spection act. 

In modern manufacturing, the inspec¬ 
tion function is determining the accepta¬ 
bility of the manufactured article. Gen¬ 
erally, the acceptability is defined by 
the specification. (In some cases, ac¬ 
ceptability is determined on a lot* basis 
rather than item by item. If the lot is 
defective, it is rejected for sorting and 
correction by the manufacturing group.) 

1.2 QUALITY CONTROL 

The quality control function in¬ 
cludes the inspection function, but 
it goes much further. It is based on 
the concept that the making of unac¬ 
ceptable parts or products can be largely 
prevented. Statistical analysis of inspec¬ 
tion data, commonly called statistical 

*A lot is a group of parts or specimens 
presented for inspection at any one time. 


quality control, is valuable in accom¬ 
plishing this objective. A lessening of 
scrap, rework, complaints, and so on, is 
a source of cost reduction. The economic 
aspects of quality should therefore be 
viewed as a major part of quality con¬ 
trol. We may then say that the function 
of quality control is to coordinate {^the 
quality control efforts in the manufac¬ 
turing organization in such fashion as to 
carry on production at the most eco¬ 
nomical levels that will yield ftdl cus¬ 
tomer satisfaction.) Various specific re¬ 
sponsibilities essential to the execution 
of this principal function by the person 
responsible for quality control are listed 
below. (Many of these responsibilities 
will of necessity have to be delegated to 
various individuals within the quality 
control organization, depending upon 
the size of the operation.) 

1. Recommend and establish quality 
control objectives, plans, and proce¬ 
dures. 

2. Recommend and establish organi¬ 
zation structure; define the function, 
responsibilities, authority, and account¬ 
ability for each position. 

3. Select and train personnel. 

4. Supervise, provide leadership, and 
build individual and team morale in the 
unit. 

5. Control unit operations by co- 
o]}erating in establishing performance 
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standards, appraidng performance 
against standards, and taldng corrective 
action. 

6. Assure adherence to established 
policies. 

.7. Review new designs for adequacy 
froW the quality standpoint and ap¬ 
prove where appropriate. 

8. Establish inspection and test 
speETfications and procedures to insure 
maintenance of quality. 

9. Cooperate with purchasing sec¬ 
tion to establish vendor-consumer rela¬ 
tionship that will insure purchased ma¬ 
terials that meet specifications. 

a. Provide rating sheet of vendors 
with respect to quality. 

b. Promote certification of materials 
by vendors with respect to quality. 

10. Provide the manufacturing group 
with statistical quality control charts 
and other devices for control of manu¬ 
facturing processes. 

11. Analyze inspection data to pro¬ 
vide process control. 

12. Conduct quality appraisals of final 
pro'Suct to assure maintenance of prod¬ 
uct quality standards. 

13. Conduct life tests on final prod¬ 
uct. 

14. Gather and analyze complaint 
data from the field to measure degree 
of customer satisfaction. 

15. Design experiments for engineer¬ 
ing section to obtain maximum informa¬ 
tion with minimum expense. 

16. Educate all groups in methods 
of accomplishing quality production. 

17. Effect quality-mindedness at all 
levels in all sections. 

18. Establish quality specification and 
sampling inspection plans for purchased* 
and piece parts. 

19. Review and approve, where ap¬ 
propriate, all deviations from specifica¬ 
tion. 

20. Review and approve, where ap¬ 
propriate, part tools, dies, and molds, 
and recommend improvements or 
changes. 

21. Conduct packaging tests to insure 
that the final product will arrive in the 
customer’s hands in a satisfactory condi¬ 
tion. 
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22. Observe all pilot runs and analyze 
re^ts to serve as basis for making nec¬ 
essary quality improvements. 

23. Where quality difficulties occur in 
th^actory, recommend needed changes 
and improvements in design, methods, 
or tooling to respective persons in 
charge of these functions. Follow up to 
insure approved changes are made 
promptly. 

24. Obtain necessary data by means 
of chemical and physical .tests to insure 
proper control of material properties 
for both purchased and processed items. 

25. Determine the assignable cause 
when parts or processes are “out of con¬ 
trol.” 

26. * Procure and maintain test and 
inspection equipment to meet plant pro¬ 
duction requirements. 

27. * Prepare test and inspection re¬ 
ports required by management. 

2 . OBGANIZATION 

2.1 PURPOSE OF ORGANIZING 

The purpose of organizing is to 
establish a relationship between 
the numerous industrial functions so 
that they will aid one another in reach¬ 
ing the common goal, eliminating fric¬ 
tion and cross purposes. Organizing es¬ 
tablishes lines of authority and responsi¬ 
bility. Where should the inspection and 
quality control functions fit into the 
organization to help other functions 
accomplish these purposes? 


2.2 LOCATION IN THE ORGANIZATION: 
LARGE CORPORATION 

In a large organization that manu¬ 
factures a diversity of products at 
several different locations, the entire 
quality activity may be the sole re¬ 
sponsibility of one of the vi*je-presidents. 
It may also be one of the responaibili- 

* In an organization where the inq[>ec- 
tion function is separate from the quality 
control function, these responsibilities are 
usually assigned to the chief inspector. 
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FIO. 14.1 ORGANIZATION CHART—LARGE CORPORA¬ 
TION. 


ties of the vice-president in charge of 
engineering and manufacturing activi¬ 
ties. At this level, only broad policy with 
regard to the quality function is estab¬ 
lished. These policies are sometimes es¬ 
tablished by an advisory staff to the 
president of the company. This general 
type of organization is illustrated in 
Fig. 14.1. 


2.3 LOCATION IN THE ORGANIZATION*: 
SMALLER ENTERPRISE OR OPER¬ 
ATING GROUP 

Even in a large corporation, there 
are individual manufacturing 
groups or divisions that are usually 
headed by a manager. Within such an 
organization, there are several iK>ssible 
locatitms for'inspection and quality con¬ 
trol. ifi some cases, inspection is made 
a,distinct section apart from quality 
control (see Art. 2.5). Often the two are 
combined in a siagle unit. 

Where quality }& mportant, the qual¬ 


ity function should report either directly 
to the general manager (works man¬ 
ager) or to the manager of engineering. 
It is considered poor policy to have the 
quality function report to the plant 
superintendent or to the position re¬ 
sponsible for manufacturing. The indi¬ 
vidual responsible for meeting produc¬ 
tion schedules is too likely to have 
his judgment on quality matters biased 
by the pressures for low-cost produc¬ 
tion under which he constantly oper¬ 
ates. 

Figure 14.2 shows the position of the 
quality control section in the organiza¬ 
tion of the individual plants of a large 
corporation or in the organization of the 
smaller manufacturing enterprise. 


2.4 SEPARATION OF QUALITY CONTROL 
AND INSPECTION IN THE ORGAN¬ 
IZATION 

In Figs. 14.1 and 14.2 it was as¬ 
sumed that the inspection unit 
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FIG. 14.2 ORGANIZATION CHART—PLANT LEVEL, 
QUALITY CONTROL A DEPARTMENT. 


was a part of the quality control depart¬ 
ment or section. (In some organizations, 
the major designation is “inspection de¬ 
partment” and the statistical quality 
control group is a part of the inspection 
department.) Not infrequently, quality 
control and inspection are completely 
separated. Such an arrangement over¬ 
comes the danger that the chief inspec¬ 
tor will become so busy with the day-to- 
day operation of the inspection depart¬ 
ment that “he doesn’t have the time to 
develop the use of modem quality con¬ 
trol techniques.” If % quality control 
engineer can quietly go aside and do 
some inspection planning and analysis of 
inspection results for the chief inspector 
and the factory organization, there is a 
much better chance of obtaining the 
full benefits of a quality control pro¬ 
gram. Obviously there must be close co¬ 
operation between these two sections of 
the organization. 

Another advantage of having the 
quality control section separate is that 
it avoids any bias as far as the inspec¬ 
tion section is concerned. The quality 
control section should be just as free to 
criticize inspection as it is to criticize 
design, vendors, tooling, or any other 
phase of the business that affects qual¬ 
ity. 

Figure 14.3 shows an organization in 
which the inspection section and the 


quality control section are separated. Of 
course, se\'eral other arrangements are 
possible. 


2.5 USE OF COMMITTEES IN THE 
QUALITY ORGANIZATION 

“Quality is Everybody’s Job” is a 
quality campaign slogan with im¬ 
portant meaning. Although the quality 
function is a staff or advisory function, 
it must extend into every line of the 
organization. Various committees pro¬ 
vide an organization mechanism that 
accomplishes this purpose. Committees 
make the “in-line” parts of the organiza¬ 
tion part of the quality team. They pro¬ 
vide a common ground on which various 
parts of the organization can cooperate 
on quality matters. 

Figure 14.4 shows the make-up of 
some typical committees that cover 
various phases of the quality function. 


2.6 THE QUALITY ORGANIZATION AND 
THE MANUFACTURING FOREMAN 

The first responsibility for qual¬ 
ity and its attainment should 
rest with the manufacturing foreman. 
Any organization for quality should 
strengthen the foreman in shouldering 


FIG. 14.3 ORGANIZATION CHART—PLANT LEVEL, 
INSPECTION A DEPARTMENT, Q.C. UNDER 
ENGINEERING. 
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SUndtrds CammlUc; SM* 
vlauai uandard* on Ilnal 
product 

General Manager 

Manager of Engineering 

Chief Inspector 

Manufacturing Superintendent 
Manager of ChiaUty Control 

Salvage Committee or Maicrialt 
Review; Review* rejected material 
to decide on disposition, 1. e., 
accept on deviation, rework, 
ecrap. 

Chief Inspector 

Mansger of Quality Control 
Manager of Engineering 
Customer's Representative (nec¬ 
essary where work is performed 
tor a government agency) 

Scrap and Rework Commute*; 
Decides on corrective action to 
reduce scrap and rework coats. 
Manager of Quality Control 
Mamifaeluring Superintendent 

All General Foremen 

r' 

Quality Control Coordinating 
Cominiltee; Coordinates all 
parts of the organization In 
obtaining corrective action 
on out'Of-control processes. 
(Sometimes called the Action 
Committee.) 

General Manager (Coordination) 
Manager of Quality Control (Pre¬ 
sentation of Data) 

Manager of Engineering (Pro¬ 
duct 4)e8ign) 

Manufacturing Superintendent 
(Men and Machines) 

Manager of Methods Engin¬ 
eering (Methods & Processes) 
Chief Inspector (Inspection) 

Customer Complaint Commlilee. 
Reviews field Complainls and 
decides on corrective action. 
General Manager 

Manager of Quality Control 

Chief Inspector 

Manager of Engineering 

General Foreman of Assembly 
f^oduct Service Representative 

New Product Commiltee 

General Manager 

Manager of Engineering 

Liesign Engineers 

Manager of Methods Engineerii^ 
Manager of Quality Control 

r 


PIG. 14.4 COMMITTEES THAT SER\p THE QUALITY 
CONTROL FUNCTION. 


this responsibility. Both inspection and 
quality control are service organizations 
that are provided to aid the foreman in 
obtaining quality and in reducing costs. 


3 . PERSONNEL 

3.1 JOB specifications: inspection 

DEPARTMENT 

A job specification should outline 
the following for each position; 

1. Duties. 

2. Educational requirements. 

3. Special training. 

4. Experience requirements. 

5. Personal characteristics. 

The usual job classifications in the 
inspection section are: 

1. Chief inspector, 

2. Inspection foreman. 

3. Precision inspector. 

4. Receiving inspector. 

5. Patrol, roving, or floor inspector. 

6. Bench or crib inspector. 

7. Visual inspector. 


3.2 JOB specifications: quality 

CONTROL 

The usual job classifications in the 
quality control section are: 

1. Manager of quality control. 

2. Quality control engineer.* 

3. Factory contact engineer. 

4. Chemical and metallurgical engi¬ 
neer. 

5. Laboratory assistants. 


3.3 LIMITED PERSONNEL FOR START¬ 
ING A QUALITY CONTROL PRO¬ 
GRAM FOR THE SMALL PLANT 

Usually the inspection depiartment 
is an established and going part of 
the organization. The problem is how to 

* Space does not. permit a complete job 
specification for each job classification. 
J. M. Juran has given a complete specifi¬ 
cation for quality control engineer in hia 
Quality Control Handbook (New York: 
McGraw-Hill Book Company, Inc., 1961), 
p. 171. 
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organize to obtain benefits from modem 
quality control techniques. This is usu¬ 
ally done by choosing an engineer with 
the personal qualifications and training 
of a quality control engineer (see Art. 
3.2) or by giving an engineer special 
training in statistical quality control 
(see Art. 3.4). 

It is usually advisable to start on a 
small scale, analyzing existing inspection 
and cost data to determine those opera¬ 
tions where quality control would offer 
the greatest benefit. If a few of these 
“bad spots” are cured, with the attend¬ 
ant saving in cost, management and the 
entire manufacturing organization will 
be eager to expand the quality control 
program. It is good advice to build 
dowly but well. 


3.4 TRAINING PROGRAMS 

Various persons in the organiza¬ 
tion must be trained in certain 
fundamentals of statistical quality con¬ 
trol if the success of a quality control 
program is to be insured. This is best 
accomplished by in-plant training 
courses conducted by a qualified person 
within the organization (i.e., manager of 
quality control, quality control engi¬ 
neer) or by a qualified person outside 
the organization, such as a quality con¬ 
trol consultant or a college instructor. 
Such in-plant courses are usually sched¬ 
uled for as little as three hours of in¬ 
struction or as much as ten or 20. 

A number of educational institutions 
offer night-school classes in quality con¬ 
trol subjects. Intensive courses are of¬ 
fered at frequent intervals by several uni¬ 
versities throughout the United States. 
Information on such courses can be ob¬ 
tained from the American Society for 
Quality Control.* Announcements are 
made m the Society’s publication Indus- 

* American Society for Quality Control, 
Room 663, 60 Church Street, New York, 
N. Y. 
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trial Quality Control. These courses are 
best suited to the engineer or chief in¬ 
spector, since they involve more time 
and effort than the average factory in¬ 
spector would be willing or would need 
to spend. Statistics and statistical qual¬ 
ity control are generally included in 
college and university curricula in indus¬ 
trial engineering and industrial manage¬ 
ment, and often are available as elective 
courses for other engineering and busi¬ 
ness students. 

C. R. Scott, Jr., gives four levels of 
training and the subject matter for each 
in Juran’s Quality Control Handbook, 
pp. 173, 174. The four levels are; 

1. Top Management. 

2. Shop Supervisors. 

3. The Workmen. 

4. The Quality Control Engineer. 

In general, the following subjects are 
covered, with certain adaptations to fit 
the various levels: 

Variations 

Frequency Distribution 
Average 

Dispersion (Spread) 

Control Charts 
for Variables 
for Attributes 

Samjiling Plans 

Care must be taken with factory per¬ 
sonnel not to overemphasize statistical 
theory. A knowledge of theory is not 
necessary for understanding broad prin¬ 
ciples or for carrying out control chart 
and sampling procedures. 

Courses in advanced statistical tech¬ 
niques are offered by some educational 
institutions, usually in the form of inten¬ 
sive eight-day courses. Subject matter 
includes: 

Tests for significance. 

Analysis of variance. 

Multiple correlation. 

Design of experiments. 

Various other statistical tests and 
quality control techniliues. 

Reference should be made to the bibli¬ 
ography of this Section for suitable text- 
bool^ on quality control. 
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3.5 SELECTION OF IlfSPECTOBS 

Selection should be made with job 
specifications jn mind (see Art. 
3.2). Integrity and judgment are two 
important characteristics, and good eye¬ 
sight and visual perception are of great 
importance. Certain tests have been de¬ 
veloped to measure visual characteris¬ 
tics. Two of these are the Ortho-Rater* 
and the Drake Tests.t 


3.6 COMPENSATION FOR INSPECTORS 

In industries that use incentive 

pay for manufacturing operators, 
a problem often arises when the operator 
receives a much higher rate of pay than 
the inspector who evaluates the opera¬ 
tor’s work. This situation, m turn, 
makes it difficult to attract persons of 
high calibre to inspection jobs. Some 
companies are meeting this problem by 
introducing incentive plans for inspec¬ 
tors. Incentive plans for inspectors, and 
the various elements involved, have been 
thoroughly covered by C. R. Scott, Jr., 
in Juran’s Quality Control Handbook, 
p. 109, and by Juran in an earlier pub¬ 
lication, t 


4 , SPECIFICATIONS 

4.1 PURPOSE OF SPECIFICATIONS 

Except where someone is making 
something for his own use, there 
are at least two parties involved in the 
production process: the manufacturer 
and the consumer. The specification 
serves both parties. It defines in advance 
what the manufacturer expects to make. 

♦The Ortho-Rater <3 an optical device 
for measuring visual characteristics. Fur¬ 
ther information can be sf.cured from 
Bausch and Lomb Optical Oo., Rochester 
2, New York. 

t Drake Visual Perception Tests A and 
B are available from Mr. Charles A. Drake, 
130 Oarkey Street, Santa Cruz, California. 

t Management of Inspection and Quab- 
ily Control (New York; Harper and 
Brothers, 1945), 172. 


It defines what the consinner can expect 
to get. The specification serves as an 
agreement Ijetween manufacturer and 
consumer on the nature or characteris¬ 
tics of the product. 

4.2 RESPONSIBILITY FOR SPECIFICA¬ 

TIONS 

In our complex industrial organ¬ 
ization many parties may con¬ 
tribute to the making of a specification, 
but it is advisable to have one part of 
the organization responsible for issuing 
and revising the specifications. Usually 
this is the product engineering or design 
engineering unit. 

A convenient way for making sure 
that different parts of the organization 
have a voice in formulating the speci¬ 
fication is to set up a standards com¬ 
mittee (see Fig. 1*4.4). The action taken 
by the committee is recorded in the form 
of minutes and can be u.sed by the 
product engineering unit as authoriza¬ 
tion to issue or revise the official speci¬ 
fication. 

When the specification has been 
agreed upon by all parties involved and 
has been officially issued, it becomes the 
“law” of the industrial community. It 
must be adhered to if chaos and confu¬ 
sion are to be prevented. It is up to 
the inspection department to see that 
the specification is enforced. If for any 
reason it becomes necessary to deviate 
from the specification, the product engi¬ 
neering unit should either revise the 
specification, if appropriate, or authorize 
a temporary deviation by means of an 
alteration notice (see Art. 4.8). There 
must be only one “law.” Serious conse¬ 
quences may result if the shoj) decides 
to follow its own set of rules instead of 
the specification. 

4.3 TYPES OF SPECIFICATIONS 

Thus far in this section, when we 

have used the term “specification” 
we have been referring to the product 
specification. This is usually what is un¬ 
derstood in industrial usage. We must, 
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however, not lose idght of Uxe fact that 
there are other types of specifications 
used in industry. For example, we have: 

1. Product specification, which defines 
nature or characteristic of product, 

2. Manufacturing specification, which 
defines the process by which the product 
is to be made. 

3. Test specification, which defines the 
manner in which the product is to be 
tested. 

4. Packaging specification, which de¬ 
fines how the product is to be packed 
for safe transit to tb“ consumer. 

5. Acceptance specification, which de¬ 
fines criteria used for acceptance of the 
product, such as .sampling procedures. 

Confusion is avoided and revisions are 
more easily handled when these different 
types are brought together to form one 
all-inclusive specification. 

4.4 DRAWING VP THE SPECIFICATION 

The written specification may re¬ 
fer to blueprints, samples, color 
chips, roughness specimens, and other 
media by which quality characteristics 
can be expressed and defined. 

Specification-writing is a subject in its 
own right. Space here does not permit 
an exhaustive treatment of the subject.* 
Obviously the specification should leave 
nothing for free interjiretation. On the 
other hand, only enough detail should 
be employed to define the required char¬ 
acteristics. 

Sometimes several different methods 
of manufacture may be used to produce 
a given product characteristic. If pos¬ 
sible, it is wise to give the manufactur¬ 
ing unit latitude in choosing the method 
best suited to cost reduction and maxi¬ 
mum flexibility. Usually the design engi¬ 
neer specifies the characteristics that 
affect performance, durability, safety, 
servicing in the field, and appearance as 
it is related to public acceptance. These 
are usually referred to as functional 
requirements. Non-functional require¬ 
ments are those that affect the product 

* Those requiring a more detailed treat¬ 
ment of the subject should refer to Juran, 
Quality Control Handbook, pp. 49-52. 
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within the shop or factory. They are 
often covered by shop practice, stand¬ 
ing instructions, methods sheets, and so 
forth. More latitude usually is pcesible 
in dealing with non-fimctional require¬ 
ments. 

Special problems arise in drawing up 
specifications for bulk products, such 
as tho.se encoimtered in the chemical 
industry, for example. In such cases, the 
average and unijormity of the specified 
characteristics for the mass need to be 
considered. Tests are made on a speci¬ 
men of the bulk product. The test speci¬ 
fication should specify the manner in 
which such a specimen is obtained. The 
American Society for Testing Materials* 
(ASTM) has accomplished a consider¬ 
able degree of standardization in testing 
bulk products. 

4.5 SPECIFYING TOLERANCES 

It is practically impossible to 
manufacture one article exactly 
like another, or one batch like another. 
Variability is one of the fundamental 
concepts of modern quality control. Tol¬ 
erances on a dimension of a part tell the 
shop how small or how large the part 
may be and still fit into the assembly 
and function properly when it is related 
to the other parts in the assembly. Tol¬ 
erances are set not only on dimensions, 
but also on other quality characteristics 
as well, such as temperature, jiressure, 
and volume. Tolerances may be stated 
in several different ways: 

-f 0.006 

0.262 — 0.000 unilateral 

0.265 zt 0.003 bilateral 

0J262 — 0.268 limiting 

Usually a company standardizes on one 
system .t 

* American Society for Testing Materi¬ 
als, 1916 Race Street, Philadelphia 3, 
Pennsylvania. • 

t For a further discus.sion of tolerances, 
see Wm. H. Clapp and D. S. Clark. En~ 
yineenny Matenalu and Processes (Scran¬ 
ton, Pennsylvania: International Text¬ 
book Co., 1949), pp. 353-360. 
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The selection of tolerances is very 
important. They should not be set need¬ 
lessly tight, since the cost of manufac¬ 
ture usually rises rapidly as the toler¬ 
ance is decreased. On the other hand, the 
tolerance must be set so as to insure 
interchangeable manufacture, where pos¬ 
sible, and to assure proper function¬ 
ing of the product. Tolerances are set 
on the basis of (1) past practice, (2) 
experiment, and (3) bargaining.* Engi¬ 
neers are able to set tolerances more 
accurately if they are assured that the 
factory processes will operate in statisti¬ 
cal control and if they have available 
process or machine capability studies 
(see Art. 18). 

Tolerances may be non-numerical as 
well as numerical. In cases where color, 
texture, finish, roughness, and the like 
are involved, it is often necessary to set 
tolerances by establishing marked visual 
standards on the permissible degree of 
an unsatisfactory quality characteristic. 
Such standards are often established by 
the standards committee (see Art. 2.5), 
which decides by vote where the line 
shall be drawn. The selection of samples 
for consideration by the committee 
should cover a wide range of degree of 
the unfavorable characteristic. Although 
the manufactured parts may be divided 
into “go” and “not go,” only one stand¬ 
ard should be established to “draw a 
line.” If both a “go” and “not go” stand¬ 
ard are established, someone is bound 
to find a specimen that falls between the 
two. Confusion results. But if one stand¬ 
ard is established and is marked “go,” 
then any specimen equivalent to or bet¬ 
ter than the standard is acceptable. Con¬ 
versely, if the standard is marked “not 
go,” any specimen equivalent to or 
worse than the standard is unacceptable. 

Great care should be taken to 
preserve the standard, especially if 
the quality characteristic represented 
changes with age. If the standard is 
“kicked around” the shop, it will not 
remain a standard for long. It will prob- 
ably be n ecessary to keep a master set 

* For a full discussion of these factors, 
see Juran’s Quality Control Handbook, pp. 

58-AO. 
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of standards locked in a cabinet for 
occasional reference. Working standards 
can then be established as frequently as 
necessary by reference to the master set. 

Visual inspectors tend to “drift” from 
the standard. It is sometimes necessary 
to have the inspectors orient themselves 
several times a day by studying the 
standards. 


4.6 DESIGNATION OF CRITICAL DIMEN¬ 
SIONS 

It is often advantageous to desig¬ 
nate critical dimensions and other 
critical quality characteristics. On blue¬ 
prints this can be done by underlining 
critical dimensions or by using an aster¬ 
isk. A copy of the inspection plan for 
purchased parts is valuable for inform¬ 
ing the vendor on the relative impor¬ 
tance of the different quality character¬ 
istics that have been specified (see Art. 
12.3). 


4.7 TOLERANCE BUILDUPS IN 

ASSEMBLY 

Unless all component parts fall 

close to either the upper limit of 
tolerance or the lower limit of tolerance, 
the assembly will have a variation that 
is less than the sum of the tolerances of 
the components. Use of this fact can be 
made either to increase the tolerances of 
the component parts, thereby reducing 
manufacturing cost, or to decrease the 
tolerance of the assembly to facilitate 
further assembly or improve quality. 

The ideal case results where the di¬ 
mensions of each individual piece part 
are normally distributed about its re¬ 
spective mean and where each distribu¬ 
tion lies between its tolerance limits in 
such a way that the three sigma limits 
of the distribution correspond to the 
tolerance limits (see Section 13, Art. 
2.3.6). In such an ideal case, and where 
the parts are randomly selected, the 
Pythagorean theorem applies—i.e., the 
standard deviation of the sum of a num¬ 
ber of independent parts is equal to the 
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square root of the sum of the squares 
of the independent standard deviations. 
Expressed mathematically: 

a A = Vffi* + <rj® 4- ffs*-1- a-n* 

where 0-4 = the standard deviation 
of the assembly 
(Ti a= the standard deviation 

of the first component part 
and ffn = the standard deviation 

of the nth component part. 

Since the ideal condition described above 
is not consistently met, actual practice 
lies somewhere between the Pythagorean 
theorem and the arithmetic sum of the 
deviations or tolerances.* 


4.8 REVISION OF SPECIFICATIONS 

Changing conj^itions brought 
about by a variety of causes make 
it necessary to revise specifications from 
time to time. Although many units of 
an organization may instigate revisions, 
only one unit should be responsible for 
making them. This is usually the engi¬ 
neering unit. 

The number of parts involved and the 
frequency of changes result in numerous 
revisions to blueprints and written speci¬ 
fications. Since many units of the organi¬ 
zation are involved, and since they must 
be advised promptly and simultaneously 
of changes in specification, a convenient, 
rapid method of publishing changes is 
essential. Duplicating equipment for 
part prints and printed matter is a 
necessity. 

Prints and specifications should, of 
course, be numbered for convenience 
and reference. Moreover, the revisions 
of prints and specifications should be 
numbered and dated to assure use of 
the latest revision. This information is 
logged in a square for this purpose in the 
corner of the print. 

Changes to the master engineering 
records (prints and specifications) usu- 


♦F. S. Acion and E. G. Olds, “Toler- 
anees—Additive or Pythagorean," Indus¬ 
trial Quality Control, Vol. V, No. 3, No¬ 
vember 1948, p. 6 . 


ally involve the republishing of oonmder- 
able copy and the spending of consider¬ 
able time. Although it is a temptation 
to make changes by simple memoranda, 
difficulties will arise unless the master 
copies or tracings are kept up-to-date 

A convenient compromise that assures 
speed in making changes and at the 
same time provides a routine for chang¬ 
ing master records is the use of a stand¬ 
ard memorandum form called an “Alter¬ 
ation Notice.’’ This notice is mailed or 
delivered to all units involved, including 
the chief draftsman. The copies of the 
alteration notice then serve as an order 
to change the master records and to 
issue revised prints and specifications. 

Shop orders should show the revision 
number as well as the print number and 
specification number, to assure that the 
shop is working to the latest revision. 


5. QUALITY-MINDEDNESS 

5.T QUALITY-MINDEDNESS: AN ATTI¬ 
TUDE 

Quality-mindedness is an attitude 
toward the importance of quality. 
Attitudes can be developed or changed. 
A salesman seeks to influence our atti¬ 
tudes so that we will accept his product 
with favor. The most powerful approach 
is to show the individual how he can 
personally benefit by accepting what is 
offered. 


5.2 THE IMPORTANCE OF QUALITY- 
MINDEDNESS 

Unless all the members of the 
industrial team have the correct 
attitude toward quality, little will be 
accomplished despite excellent inspec¬ 
tion facilities and a complete quality 
control program. As a matfhr of fact, the 
quality control program is not complete 
without quality-mindedness. One often 
hears the expression “Quality control 
has to be sold.” This is true. Further¬ 
more, it has to be sold at every level in 
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the organitotion—just to manage' 
ment. 


5.3 QUALITY-MINDEDNESS IN UPPER 
MANAGEMENT 

Unless top management shows a 
perpetual interest in quality by 
word and deed, there will not be an ener¬ 
getic striving for quality out in the shop. 
Management must be sold first. 

The importance of quality, as far as 
management is concerned, is that it 
helps build a good reputation in the 
competitive market. Another good rea¬ 
son why management should want qual- 
ity-mindedness in the organization is 
that a reduction in costs can be realized 
from reduced scrap and rework, lower 
complaint costs, and so on. 

Management must offer more than lip 
service to quality. It must give sincere 
attention to quality reports and quality 
audits. If proper action is not forthcom¬ 
ing to correct out-of-control conditions 
in manufacturing departments, the man¬ 
ager must call the responsible supervi¬ 
sors into conference to assure corrective 
action. 


5.4 QUALITY-MINDEDNESS AT SUPER¬ 
VISORY LEVEL 

Management relies on the super¬ 
visor or foreman to extend the 
company policies into the shop and to 
the personnel under the foreman’s su¬ 
pervision. Here especially, actions speak 
louder than words. Does the foreman 
shut down the job that is producing de¬ 
fectives—even in the face of tight pro¬ 
duction schedules? Does he look upon 
the inspector as his helper in matters 
pertaining to quality, or does he think of 
the inspector as a policeman or as an 
obstacle? Ddes he go around to the per¬ 
sons under his supervision and discuss 
the quality of their work, compliment¬ 
ing them when it is good, suggesting im¬ 
provements when it is substandard? In 


other words, is he interested in seeing 
that his section produces a quality job? 
If so, he is quality-minded. 

Some of the larger aircraft frame 
manufacturers have installed an incen¬ 
tive plan for supervisors that provides 
for bonus based on improved perform¬ 
ance. Such quality factors as reduction 
in scrap and rework are measured and 
used in calculating the bonus. Since tiie 
supervisor finds it to his financial ad¬ 
vantage to use quality control tech¬ 
niques, he usually has a favorable atti¬ 
tude toward them. 


5.5 QUALITY-MINDEDNESS AT OPERA¬ 
TOR LEVEL 

When the individual operators are 
convinced that it is to their inter¬ 
est to produce quality work, the quality 
control program finds itself on a solid 
foundation. When the operator looks 
upon a control chart as a tool that is 
helping him to do a better job and hence 
places him in line for advancement and 
all that goes with it, you have won his 
confidence in quality. Until his confi¬ 
dence is won, he may be suspicious that 
the inspection department is a kind of 
Gestapo, and that the control chart is 
a tell-tale. He will do everything he can 
to beat the game and to sabotage the 
efforts of the quality program. The oper¬ 
ator has to have the correct attitude. 
When he does, he regains pride in work¬ 
manship and takes the rightful share of 
his responsibility for quality. 

... All - this means, in practical lan¬ 
guage, that the bulk of the gauges and 
test equipment should be in the hands 
of the operating force and 'available to 
them for deciding then and there 
whether what they are doing is meeting 
the specification limits. The use of these 
means of measurement should be urged 
on the operating force with the repeti¬ 
tion and emphasis which will make it 
second nature. Unless you know what 
you are doing, don’t do it.* 

* Juran, Management of Inspection and 
Qmlily Control, p. 210. 
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5.6 PBOMOTIKG QVALITY-MINDEDNIBS 

An occasional promotional drive 

for quality is a useful device for 
letting the man in the shop know what 
management’s attitude on quality is. 
Some promotional programs are quite 
elaborate, with such devices as beauty 
contests to choose a “quality queen,”* 
prizes for quality slogans, extra awards 
for suggestions that improve quality, 
and a special dinner for the supervisors 
as the grand finale. There is no limit to 
the sales promotional devices that can 
be used. Even a modest promotion can 
effectively use the following devices: 

1 . Short write-ups in plant paper. 

2. Cartoons in plant paper. 

3. Posters displayed in work area. 

a. General (including cartoons). 

b. How to do it better. 

c. Why do it letter. 

4. Quality Slogans. 

a. “Quality is Everybody’s Job.” 

b. “Quality must be built into the 
product, not inspected into the 
product.” 

c. “Quality you can trust.” 

5. Increased suggestion awards. 

The Anaconda Wire and Cable Com¬ 
pany* and the Ford Motor Company! 
have done outstanding promotional 
work in quality control. 


6 . QUALITY COSTS 
6.1 SCOPS 

The income of a manufacturing 
enterprise is influenced directly 
by w'hat it has to offer the consumer. On 
the other hand, if the cost of manufac¬ 
ture is so great as to permit no profit, 
the enterprise cannot exist. The funda- 

• H. E. Thompson, Quality Control Con- 
jerencn Papery, Sixth Annual Convention, 
American Society for Quality Control, pp. 
137-145. Syracuse, New York, May 1952. 

tWm. H. Smith and C. E. Burdick, 
“Ford’s Interest in Staiislical Quality 
Control," Industrial Quality Control, Vol. 
Vll, No. 3, November I95G, p. 6. 


mental element of income, cost, and 
profit are inexorably tied to quality. A 
balance has to be struck between tho 
cost of quality and the value of quality 


6.2 MEASUREMENT OF QUALITY COSTS 

Although in the preceding section 
we found that many cost elements 
have their “quality” aspects, only a few 
cost elements are considered strictly 
quality costs. These are: 

1 . Inspection. 

2. Quality Control. 

3. Spoilage. 

4. Rework. 

5. Warranty Expense. 

The first two items represent an ex¬ 
penditure by which it is hoped that the 
cost of the last three items will be 
decreased. 

Even after a satisfactory equilibrium 
has once been established between the 
two kinds of costs, certain action may be 
necessary from time to time to maintain 
the equilibrium. 

A measure of these various cost ele¬ 
ments is usually obtained in dollars, in 
order to give a somewhat direct measure 
of the effectiveness of the inspection and 
quality control functions. 

In order to get a comparative measure 
between periods with varying rates of 
production, or between various manu¬ 
facturing enterprises, quality costs are 
usually given as a ratio of dollars quality 
costs to dollars direct labor cost. This 
ratio, although fairly common in indus¬ 
try, has a serious drawback. As an in¬ 
dustry becomes more mechanized, its 
direct labor load decreases. When this 
occurs, the ratio of quality cost to direct 
labor increases, when actually no change 
has occurred in dollars of quality cost. 
This ratio is also poor for comparison 
between different types of manufacture, 
because of differences in the direct labor 
content of the product. 

A better measure is tile ratio of dollars 
quality cost to dollars output at manu¬ 
facturing cost. This includes some meas¬ 
ure of cost of quality versus value of 



974 INSPECTION AND OUALITY CONTROL 

qtiality. A number of companies are now E. L. Grant* has thoroughly discussed 
using this ratio as a measure for quality many of the economic considerations 
costs. and cost comparison problems involved 

in statistical quality control. 


6.3 INSPECTION COSTS 6.4 quality control costs 


The older measure of inspection > 
cost—i.e., the ratio of inspection 
labor to direct labor—varies widely 
throughout industry; however, as a gen¬ 
eral rule the aim is to maintain a ratio 
of approximately 0.10, or 10 per cent. 
The ratio is known to vary from 0.05 
to 0.25, depending on the type of opera¬ 
tion. 

The ratio dollars inspection cost to 
dollars manufacturing output does not 
have such widespread usage as the pre¬ 
ceding ratio; hence, its value in various 
industries is not known. In small elec¬ 
trical appliance manufacturing, it gen¬ 
erally runs from 0.5 per cent to 3 per 
cent, depending on the type of opera¬ 
tion. 

As operations become mechanized, 
and as the labor content of the product 
decreases, the ratio tends to rise. This 
rise should be met by mechanizing in¬ 
spection operations by means of auto¬ 
matic test equipment, sorting machines, 
and the like (see Art. 9.10). 

Because of the importance manage¬ 
ment attaches to keeping a low ratio, the 
costs charged to the inspection function 
are closely scrutinized. In some manu¬ 
facturing organizations, sorting costs are 
considered not as inspection costs but 
as manufacturing costs. The argument is 
■that if the manufacturing process is 
capable of the assigned job and is oper¬ 
ating in control, only a sampling inspec¬ 
tion is necessary to evaluate the quality 
of the material. This evaluation is an 
inspection function. If the manufactur¬ 
ing process is incapable of meeting re¬ 
quirements and sorting becomes neces¬ 
sary, then sorting is chargeable to manu¬ 
facturing. • 

Inspection costs are influenced to a 
great extent by inspection planning and 
by establishing economic quality levels 
throughout the process (see Art. 7). 


The ratio of statistical quality 
control costs to direct labor gen¬ 
erally varies from 0.001 to 0.005 (0.1 per 
cent to 0.5 per cent). This does not in¬ 
clude inspection personnel but does in¬ 
clude quality control engineers, analysts, 
clerks, and other personnel occupied in 
coordinating the quality control func¬ 
tion, and in analyzing and reporting 
data. Quality assurance costs are gener¬ 
ally included as part of quality control 
costs; however, in some larger corpora¬ 
tions they may be reported separately. 

I 

6.5 SPOILAGE COSTS 

Spoilage costs include labor, mate¬ 
rial, and overhead invested in the 
spoiled piece part or article. Recovery 
from sale as scrap is credited, thereby 
reducing spoilage costs. Thus spoilage 
includes only piece parts that are 
junked. If a part can be repaired, it is 
not included in spoilage. Neither does 
spoilage include gates, chips, borings, or 
skeletons (waste inherent to the process 
of fabrication). 

Spoilage ratios vary so widely 
throughout industry that comparative 
figures have little value. Usually the 
ratio is quite low for straight assembly 
operations where piece parts are pur¬ 
chased and assembled. On the other 
hand, spoilage might run high where raw 
materials are being fabricated into parts. 


6.6 REWORK COSTS 

Rework costs include the material 
and unapplied labor required to 
place the rejected part in acceptable 
condition. Rework ratios also vary 

* Statistical Quality Control, Chapter 
XVII. 
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widely, depending on the type of manu¬ 
facture; hence comparative ratios have 
little meaning except within a certain 
type of manufacture within an industry. 

6.7 WARRANTY EXPENSE 

Warranty expense is the cost of 
repairing or replacing the product 
for the customer under the terms of the 
warranty or guarantee. This generally 
includes the cost of repair parts, repair 
labor, and service overhead. Some manu¬ 
facturers limit their liability to defective 
parts only, leaving labor and service 
cost to the dealer. 

In a small percentage of complaints it 
is sometimes necessary to go beyond the 
terms of the warranty to maintain cus¬ 
tomer goodwill. The cost of this service 
is also charged to warranty costs. Care¬ 
ful judgment is necessar^r in drawing the 
line between factory responsibility and 
customer misuse or abuse. 

Warranty expense is an excellent ba¬ 
rometer for measuring the effectiveness 
of the quality control program (see Art. 
17). 

The ratio of warranty expense to 
standard manufacturing cost of sales is 
sometimes used to evaluate and compare- 
warranty expense from period to period 
or from industry to industry. If quality 
is good, one would not expect this ratio 
to exceed 2 or 3 per cent. 

7. INSPECTION PLANNING 

7.1 WHAT TO INSPECT 

As soon as the specification and 
prints are released by product en¬ 
gineering, it should be possible to start 
inspection planning. Important quality 
characteristics should be pointed up in 
the specification, and critical dimensions 
should be identified on blueprints. If 
necessary, a conference with the respon¬ 
sible design engineer should be arranged 
to define important characteristics with 
respect to both piece parts and the final 
product. 

Dimensions governing fits should be 
checked on piece parts prior to as¬ 


sembly. Inspection planning includes de¬ 
termining how a certain dimension is to 
be gaged so that proper gages can be 
ordered and procured prior to start of 
manufacture. Often the tooling and 
method of manufacture has a bearing on 
reference points, datum planes, and so 
on. The gage designer should have a 
knowledge of the tooling employed. 

Where appropriate, electrical charac¬ 
teristics of such comjionents as resistors, 
condensers, and vacuum tubes, should be 
determined as to acceptability prior to 
assembly. In general, any piece part 
that is “buried” deep in the assembly 
and difficult to replace in the assembled 
article should be inspected prior to 
assembly. In the case of complicated 
assemblies, involving sub-assemblies, it 
may prove desirable to give sub-assem¬ 
blies an operational test prior to incor¬ 
porating them in the final assembly. 

Where raw materials, piece parts, 
components, or sub-assemblies are pur¬ 
chased, at least an identifying type of 
inspection is made by the receiving in¬ 
spector. Generally lot-by-lot acceptance 
sampling is done on all purchased parts. 
Here again operational tests may be run 
on purchased sub-assemblies, particu¬ 
larly if replacing a defective sub-assem¬ 
bly in the final product is difficult or 
expensive. 

In some cases, a defective piece part 
may not be discernible in a final test or 
inspection on the complete assembly. If 
nonconformance of ihe piece part to 
specification is likely to cause early fail¬ 
ure or affect the quality of the device 
in some functional manner, prior inspec¬ 
tion of the piece part is mandatory. If 
the destructive nature of testing or high 
inspection costs make sampling inspec¬ 
tion necessary, a plan should be selected 
that will assure that lots containing an 
uneconomically high percentage of de¬ 
fectives be limited. 

7.2 WHEN TO INSPECT • 

Purchased parts and raw materi¬ 
als should be inspected when re¬ 
ceived, prior to being warehoused, 
stocked, or sent directly to assMnUy. 
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WheD a die, mold, or tool is being set 
up, first parts should be inspected and 
an “O.K, to Run” should be given when 
the first parts are proved to meet re¬ 
quirements. It is also important to check 
last parts at the completion of a nin to 
determine if any work is required for 
repair of the tool before the next run. 
Dies, tools, or molds going into storage 
should be tagged with their status. 

While a job is running, it is advisable 
to make occasional checks by means of 
patrol inspection or operator inspection. 
Checks may be made at intervals of 
several times per hour to once every few 
hours, depending on how well the proc¬ 
ess remains in control. 

Where a piece part goes through sev¬ 
eral operations, it is usually uneconomi¬ 
cal to inspect after each operation; 100 
per cent inspection after each operation 
can rarely, if ever, be justified. Even an 
acceptance-type sampling inspection 
after each operation is difficult to jus¬ 
tify. At best, only a patrol type of in¬ 
spection can be afforded. Or the operator 
should be equipped with the necessary 
gages, test facilities, and control charts 
to permit him to manufacture to speci¬ 
fication. 

It might be desirable to inspect the 
item being processed prior to a very ex¬ 
pensive operation where lack of con¬ 
formance to specification might mean 
the loss (scrapping) of the item. 

In some cases, it may be impossible to 
evaluate the quality of one operation 
until the completion of one or more sub¬ 
sequent operations. For example, the 
foundryman cannot tell if he has a sound 
casting until it is subsequently nxa- 
chined. 

In general, an inspection is made after 
a series of manufacturing operations has 
been performed. Often a logical time to 
inspect is when the piece part leaves 
one department or section and enters 
another section for further processing. 
An acceptance-type sampling inspection 
is often possible where processes are op¬ 
erating at satisfactory quality levels. 
The usual rule is to give the final as¬ 
sembly or finished product 100 per cent 
inspectiop, including a final o|)crational 


ir.» 

test. Where quality is satisfactory and 
the product is inexpensive, however, 1(K) 
per cent inspection may not be justi¬ 
fied. In such cases, at least a statistically 
sound sampling plan can be justified 
to evaluate and control final product 
quality. 


7.3 WHO SHOULD INSPECT 

Receiving inspection is usually as¬ 
signed to an individual inspector 
or inspection unit that specializes in the 
inspection of purchased parts. The imit 
is equipped with specialized gaging and 
test equipment to check conformance of 
purchased parts to specification. The 
receiving inspector should have the serv¬ 
ices of the engineering or test labora¬ 
tories to run physical, metallurgical, and 
chemical tests where required. The in¬ 
spection planning sheet should indicate 
where laboratory tests are required (see 
Art. 12.3). Laboratory results are re¬ 
ported back to the receiving inspector, 
who accepts or rejects the received ma¬ 
terial on the basis of laboratory results, 
together with other inspections that he 
has made. 

First-part and last-part inspection 
should be made by qualified precision 
inspectors. 

Periodic inspection during a run 
should be made by the operator where 
at all poffiible. If the inspection is too 
time-consuming or too specialized to 
permit the operator to discontinue the 
manufacturing operation in order to 
make the inspection, a patrol or floor 
inspector may be assigned to this activ¬ 
ity. A knowledge of the more common 
precision inspection technitjfies is usu¬ 
ally necessary. Patrol inspection or rov¬ 
ing inspection too often becomes aimless 
unless it is tied in with reports or con¬ 
trol charts. Planning should be complete 
enough to designate specifically the in¬ 
spection operations and the reporting 
expected of the patrol inspector. 

Completed lots passing from one man¬ 
ufacturing section to another or to stock 
are submitted to bench or crib inspec¬ 
tors, who perform required sampling 
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inspecticm procedures according to es¬ 
tablished quality characteristics and 
AQL (Acceptable Quality Level) values 
(see Ait. 11). 

Line or conveyor inspection usually 
employs 100 per cent visual inspection 
or testing; however, sampling plans are 
available for continuous processes.* 

7.4 WHERE TO INSPECT 

Receiving inspecting should be lo¬ 
cated at the receiving dock in such 
a manner that the parts must pass 
through a receiving and inspection room 
before being moved to storage. In the 
case of large, heavy, or bulky items, such 
as telephone poles, this will, of course, 
not be possible. Stockpiles of such items 
should be well identified to show 
whether the material is being held for 
inspection or has been re!ea.sed. 

Patrol inspection, by its very nature, 
requires the inspector to “call” periodi¬ 
cally at the machine for parts to be 
checked. He may take these to an in¬ 
spection crib for gaging or he may per¬ 
form the gaging operation at the ma¬ 
chine. The latter procedure is preferable. 
Mobile inspection bcnche.s with neces¬ 
sary surface plates and so forth are con¬ 
venient and time-saving m large estab¬ 
lishments. 

Precision inspection is located in a 
crib or an air-conditioned room. 

Inspectors engaged in acceptance sam¬ 
pling should be centralized at one or 
two locations for better supervision and 
utilization of inspection equipment. Lots 
of parts are delivered to this area. 
Proper factory lay-out will permit such 
a location to serve several manufactur¬ 
ing sections without back-hauling. The 
area should also be located so that work 
entering finished parts stores will have 
to pass through the acceptance inspec¬ 
tion area. 

In cases where 100 per cent or detailed 
inspection is required, higher inspection 
efficiency will be realized if the inspec- 

* Dodge’s AOQL Plan and the Dodge- 
Torrey Plan. See Grant, Statistical Quality 
Control, 2nd ed., pp. 3^-358. 
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tors are paced by the machine or con¬ 
veyor belt than if they remove the work 
to a bench tor inspection. 


7.5 WHAT QUALITY LEVEL? 

An important part of inspection 
planning is the establishment of 
the AQL (Acceptable Quality Level) for 
acceptance sampling for each clas.s of 
item at each inspection station. Al¬ 
though many factors may enter into 
the determination of AQL values, there 
are two primary considerations: 

1. Sampling inspection will permit 
passage of a certain small per cent de¬ 
fective if the process causes defectives 
to be present. Will these defectives be 
removed during subsequent inspection 
or assembly operations? If not, will it 
be feasible to permit these few parts to 
enter the product undetected on the 
basis of economy, safety, and quality 
reputation? 

2. If the defective part can be de¬ 
tected as a result of final inspection and 
test on the completed item, the problem 
becomes one of simple economics, i.e., 
comparing the cost of finding a defect 
with the cost of failing to find a defect. 

_ unit cost of detailed inspection 
^ unit cost of failure to find defect 

where 

p = fraction defective at break-even 
point. 

When p exceeds this ratio, it is 
cheaper to detail inspect. When p is 
less than this ratio, it is cheaper to ac¬ 
cept the defects. The AQL should be set 
somewhat tighter (lower fraction defec¬ 
tive) than p to allow for inherent risks 
in sampling when poor quality is sub¬ 
mitted. (See Section 11 on Acceptance 
Sampling.) Generally, AQL values run 
between 0.5 and 3.0 pej cent. One sur¬ 
vey* of industries using Military Stand- 

* Fay Carlson, “A Survey of the Applica¬ 
tion of MIL-STD-105A in the Aircraft 
and Associated Industries,” Quality Con¬ 
trol Conference Papers 196S, pp. 73-79. 
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ard 105A Sampling Tables showed the 
following AQL values for various classes 
of defects described as follows: 

Critical 100% Inspection 
Major 0.66% to 1.5% 

Minor A 2.5% 

Minor B 4 to 6.5% 

Where AQL values are established for 
each of a number of quality character¬ 
istics on one item, it might be possible 
for the lot in question to barely meet 
the AQL for each characteristic but 
when taken as a whole to be several per 
cent more defective than desired. Where 
this threat exists, it is advisable to 
specify not only the AQL for each qual- 
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ity characteristic, but also a limiting 
AQL for total dejects. 

7.6 INSPECTION PLAN FORMS 

When all the above planning fac¬ 
tors have been determined, the 
plan should be specified on a suitable 
form for each piece part or assembly. It 
should show opposite each manufactur¬ 
ing operation, where applicable, the 
characteristic to be inspected, the gages 
or equipment used, reports and charts 
used, and the inspection procedure. 

It is also important to have inspection 
operations appear on process lay-out 
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FIG. 14.5 REWORK AND SPOILAGE RECORD. 
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FIG. 14.6 INCOMING MATERIAL INSPECTION 
RECORD. 


cards, routing tags, and other “paper” 
governing movement of the parts 
through the factory. 


8 . INSPECTION AND QUALITY 
CONTROL REPORTS 

8.1 SCRAP AND REWORK TAGS 

Rejected lots in the factory are 
identified by a distinctive card¬ 
board ticket. One or two carbon-backed 
paper copies overlay the cardboard. The 
paper copies go to the office for account¬ 
ing and quality control use. The card» 
board ticket stays with the work. Figure 
14.5 shows a typical form for such a 
tag. 

These tags can be tabulated to form 
a weekly summary of scrap and rework 
In large installations, the summary may 
be made from key punched cards.* 

♦ Juran, Quality Control Handbook, Sec¬ 
tion 9, “Applications of Electric Account¬ 
ing Machines to Quality Control.” 


8.2 RECEIVING INSPECTION RECORDS 

Inspection records are usually filed 
by part number, by vendor, or 
both. A card file u.sing the form shown 
in Fig. 14.6 has proved convenient. 

From these cards a quarterly sum¬ 
mary can be made whereby each vendor 
is given a quality rating based on per¬ 
centage of lots accepted, or on .^ome 
other suitable measure of quality. Where 
double or multiple sampling pilans are 
used, first sample inspection results 
should be sepiarately recorded for sta¬ 
tistical analysis. To avoid “weighting” 
from lots requiring second samples, p 
charts (see Section 13, Art. 2.6) should 
be based on first samples only. The 
form shown in Fig. 14.6 was designed to 
be used with the Quality Control In¬ 
spection Plan shovra in Fig. 14.14, Art. 
12.3. 

8.3 SAMPLING INSPECTION RECORD 

A sampling inspection record for 
recording results of accepUnce 
sampling within the factory and between 
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FIG. 14.7 SAMPLING INSPECTION RECORD. 


operations or departments is shown in 
Fig. 14.7. 


8.4 PATROL INSPECTION LOG 

A patrol inspection log consists of 
a printed form headed with the 
following information; Section, Shift, 
Date, and Inspector. Required informa¬ 
tion is entered in columns headed: Part 
No., Part Name, Operation, Die Serial 
No., Time Job Was Stopped or Held Up, 
Reason, Time Released. 

In some cases, the log may consist of 
a timetable on which are entered the 
results of each call at each machine or 
process. 


8.5 FINAL INSPECTION REPORT 

In most cases, the final inspection 
report will be based on the results 
of a dotted (100 per cent) inspection of 
the final product. The form used con- 
aste of a list of classified defects for 
the specific product and a space to 


enter the total number of defects en¬ 
countered in each classification. Space 
is provided for other necessary informa¬ 
tion, such as: Section, Shift, Date, In¬ 
spector, Total Number Inspected. 


8.6 OTHER SPECIALIZED REPORTS 

There are many other kinds of 

reports by which inspection and 
quality control information is recorded 
and transmitted to individuals in the 
organization. To conserve space and 
avoid repetition, these other types of 
reports are listed below with reference 
to the articles in which they are men¬ 
tioned. 


Type oj Report Article 

Rejere-nce 

Gage Record 

9 

Record of Measurements 


(^JR) 

10 

Per Cent Defective 

10 

Quality Audit 

13 

Life Test 

14 

Salvage 

le 

Field Reports 

17 

Machine Capability 

18 
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9. MBASUBEMENTS AND GAGING 

9.1 NATURE OF MEASUREMENTS 

The specification defines the qual¬ 
ity characteristics that a product 
is to have. The presence or absence of 
the characteristic, or the degree to which 
it is present or absent, is determined by 
one or more of the human senses, i.e., 
sight, sound, feel, taste, smell. When 
the characteristic cannot be detected or 
measured directly by one of the senses, 
it is necessary to transform the charac¬ 
teristic into some phenomenon that can 
be sensed by means of suitable instru¬ 
ments, apparatus, or test equipment. 
For example, a wattmeter transforms 
watts into length (on a scale) that can 
be evaluated by sight. 

Sometimes it is possible to detect a 
characteristic but impossible to evalu¬ 
ate it by the unaided hwmaii senses to 
a sufficiently fine degree. In such cases, 
an instrument, apjiaratus, or gage may 
be used to multiply the phenomenon. 
The micrometer employs a screw to 
multiply length so that 0.001 inch be¬ 
tween the anvils is approximately 
inch on the thimble. 

Many instruments both transform 
and multiply the characteristic to be 
evaluated. 

9.2 SENSITIVITY OF MEASUREMENTS 

As a general rule of thumb, the 
instrument should be sensitive 
enough to permit dividing the total 
allowable range of the characteristic into 
tenths. For example, a 1,000-watt elec¬ 
trical heating unit with a tolerance of. 
± 50 watts would have a total allow¬ 
able range of 100 watts. The wattmeter 
should be capable of measuring down 
to 10 watts. Scale divisions should be 
at a minimum of 10-watt intervals. 

9.3 PRECISION OF MEASUREMENTS 

A measuring instrument may lack 
precision for two different reasons: 

1, Miscalibration (not properly set 
against the standard). 


2. Inability to reproduce measure¬ 
ments. 

The inaccuracy of the first classifi¬ 
cation is a constant “error” for a certain 
position on the scale of the instrument. 
It is possible to apply a “correction” to 
the reading equivalent to the error and 
of opposite sign. The error is determined 
by taking a long series of readings 
against a true standard and determining 
the average of the difference between 
the readings and the true value. 

The inaccuracy of the second classifi¬ 
cation is due to a scatter of numerous 
measurements made repeatedly under 
the same conditions on the same unit 
of product. This scatter is called the 
standard deviation of the measurement 
and may be de.signated as irmea*. (See 
Table 13.2, Section 13, for an ilJustration 
of the calculation of standard deviation.) 
The lower the standard deviation of the 
mea.suroment, the more jirocise the in¬ 
strument. In general, the standard de¬ 
viation of the measurements should not 
exceed one-tenth the standard deviation 
of the observed data. If this is the case, 
the effect on the standard deviation of 
the product is less than 1 per cent.* 

9.4 INSTRUMENT TOLERANCE; GAGE 
TOLERANCE AND WEAR ALLOW¬ 
ANCE 

In Article 9.3, we recognized that 
all measuring instruments have 
varying degrees of precision and that 
requirements for precision vary with re¬ 
gard to product tolerance. We can see 
the necessity, then, for specifying instru¬ 
ment tolerances. The 1 to 10 ratio may 
be applied as a general rule (see Art. 
9.3), but in certain fields definite toler¬ 
ances have been specified, especially in 
the field of fixed gages. 

In modern systems, the gage toler¬ 
ances are all taken inside the product 
tolerances, so that the gage-maker’s 
tolerance and the wear alkiwances on 
gages all operate to reduce the effec- 

prod. “* obo.^ “ O moos * 

Juran, Quality Control Handbook, pp. 199- 
203. 



TABLE 14.1 ARMY ORDNANCE SYSTEM FOB INSPECTION GAO^* 


Component 

Gage 



Tolerance 

Total tolerance 

Wear allowance 

Go 

Not go 

0.0005 

0.0000 

0.00005 

0.00005 

0.001 

0.0001 


0.00005 

0.002 

0.0001 


0.0001 

0,003 

0.0001 


0.0001 

0.004 

0.0002 


0.0002 

0.005 

0.0003 

0.0002 

0.0002 

0.006 

0.0004 

0.0002 

0.0002 

0.007 

0.0004 

0.0003 

0.0002 

0.008 

0.0005 

0.0003 

0.0002 

0.009 

0.0005 

0.0004 

0.0002 

0.010 

0.0005 

0.0005 

0.0003 

0.012 

0.0006 

0.0006 

0.0003 

0.014 

0.0006 

0.0008 

0 0004 

0.015 

0.0006 

0.0009 

0.0005 

0.016 

0.0006 

0.0010 

0.0005 

0.018 

0.0006 

0.0010 

0.0006 

0.02G 

0.0006 

0.0010 

0.0007 

0.022 

0.0006 

0.0010 

0.0008 

0.024 

0.0006 

0.0010 

0.0009 

0.025 and up 

0.0006 

0.0010 

0.0010 

Gagemakers’ tolerance, flush pin and adjustable snap gages 

0.0005 


0.00005 

0.00005 

0.001 


0.00005 

0.00005 

0.002 


0.0001 


0.003 


0.0001 


0.004 


0.0002 


0.010 


0.0003 


0.015 


0.0004 

0.0004 

0.020 and up 


0.0005 

0.0005 


* Wear allowances and RaRemakers’ tolerances, plain plug and plain ring inspection gages, including plain 
ring gages for major diameter of screws, and plain plug gages for minor diameter of nuts. 


tive tolerance available to the manufac¬ 
turing department. 

Tolerance values for one system de¬ 
veloped by the U. S. Army Ordnance 
are given in Table 14.1. 

Several different systems of gage toler¬ 
ances are discussed by Juran.* A good 
discussion of the American Gage Design 
Standard has been pres**nted by Ken¬ 
nedy .f 

r 

* Quality Control Handbook, pp. 204- 
210 . 

^Inspection and Gaging (New York: 
The Industrial Press, 1951), pp. 127-129. 


Most systems provide for inspection 
gages and working gages. Tolerances and 
wear allowances are allocated so that, 
under specified conditions, work ac¬ 
cepted by the working gage will be 
accepted by the inspection gage. 


9.5 gages: types and use 

Gages can be classified on the 
basis of several different factors: 
1. Type of measurement (fixed or 
variable). 
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2. Sensitivity or discrunination (0.001 
or 0.(XXX)1 inches). 

3. Method (direct, electrical indicat¬ 
ing, air indicating, optical, etc.). 

4. Characteristic being checked 
(depth, thread, spline, radius, etc.). 

There are so many kinds of gages and 
inspection equipment that space does 
not permit a detailed description of 
each and the techniques for using each.* 
(See Section 10, Tool Engineering.) 


9.6 gages; selection of fixes) gages 
vs. indicating gages 

Fixed gages (such as plain plug 
gages, ring gages, adjustable snap 
gages) merely tell whether the part is 
undersize, within limits, or oversize. On 
the other hand, indicating gages (such 
as micrometers, dial fiadicators, and so 
forth) give much more useful informa¬ 
tion, telling where the process is set and 
how much variation is occurring. Indi¬ 
cating gages are necessary for process 
control where small periodic samples 
are measured and charted (see Art. 10). 
Fixed gages are suitable for little more 
than sorting. Since modern quality con¬ 
trol emphasizes control of the process 
and avoidance of defects and sorting, 
the trend is away from fixed gages and 
toward indicating gages. Further ad¬ 
vancement will lead in the direction of 
recording and process-regulating types 
of instruments. (Such devices are al¬ 
ready well advanced in the chemical 
industry.) 


* Those interested in the details of this 
specialized field are referred to the follow¬ 
ing items; Kennedy, Inspection and Gag¬ 
ing; Leno C. Michelon, Indtistrial Inspec¬ 
tion Methods (New York: Harper and 
Brothers, 1942); Wesley Mollard, Essen¬ 
tials of Precision Inspection (New York: 
McGraw-Hill Book Company, Inc., 1944); 
Precision Measurement in the Metal 
Working Industry, Prepared by the Dept, 
of Education of International Business 
Machines Corporation (Syracuse, New 
York; Syracuse University Press, 1952). 


9.7 gages: selection of spbgiai..- 

PURPOSE vs. GENEBAL-PtTBPCMSE 

Basic inspection equipment in¬ 
cludes a surface plate, precision 
gage blocks, V-blocks, surface plate 
square, vernier height gage, and sine- 
bar. (Of course, the importance of the 
micrometer should not be overlooked as 
a basic, general-purpose, measuring de¬ 
vice.) The small job shop doing a 
variety of short-run orders would prob¬ 
ably not go much beyond this basic 
equipment. As the volume of precision 
inspection increases, it may be advisable 
to continue to adhere to general-purpose 
equipment, supplementing the basic 
equipment Mvnth dial indicator stands, 
mechanical, electrical, or air-indicating 
gages, and an optical comparator. 

In large establishments that mass- 
produce long-run orders, special-pur¬ 
pose gages can be justified by the saving 
they make in set-up time over the time 
required to set up general-purpose meas¬ 
uring equipment. Also, in order to re¬ 
duce the load on the skilled precision 
inspector, special-purpose gages can be 
placed at the disposal of the operators 
or floor inspectors. Proper instruction 
must of course be provided in the use 
of these gages. 

Even special-purpose gages should 
employ general-purpose units (dial in¬ 
dicators) where possible. This practice 
has the advantage of permitting con¬ 
version of measuring units to other jobs 
when the need for the special-purpose 
gage has passed. Such special-purpose 
gages may consist of several general- 
purpose gaging units combined to check 
several dimensions simultaneously. Fig¬ 
ure 14.8 shows an example of such 
equipment. 

Indicating bore gages, such as the 
one shown in Fig. 14.9, not only provide 
for variables measurement where attri¬ 
bute measurement was formerly used, 
but also provide a multiple-purpose 
gage. (Another advantage is that the 
variable of “feel” is taken care of by 
the spring-loaded gaging members, 
which assure a constant gaging pres- 
sure.) 








9SS 






INSKCnON AMO OUAIITY CONTIOl 


9U 


19M 


Such gages may seem expensive in¬ 
itially, but they are actually economical 
in the long run because they are useful 
indefinitely and need not be discarded 
after a product design change or the 
introduction of a new model. 


9.8 LIMITING USE OF GAGES 

In general, gages are quite ex¬ 
pensive not only from the stand¬ 
point of initial cost, but also from the 
standpoint of maintenance and use. 
Hence, they should be used only where 
necessary—^i.e., on dimensions of critical 
or major importance that are likely to 
move outside specified limits. In some 
cases, the need for a gage can be 
obviated by properly controlling tool¬ 
ing. A safeguard against nonconforming 
parts might be automatically obtained 
in subsequent operations. For example, 
a pimch press part that is to go into a 
spot-welded assembly might have a 
critical dimension checked by suitable 
blocks or pins on the welding fixture. 


9.9 GAGE AND INSTRUMENT MAINTE¬ 
NANCE 

If the accuracy of a gage cy an 
instrument is to be assured, peri¬ 
odic checking and recalibration are 
necessary. The system is set up and 
maintained as follows: 

1. Identify each instrument by num¬ 
ber. 

2. Establish a card record for each 
instrument, showing: 

a. Instrument number. 

b. Frequency of check. 

c. Calibration limits. 

d. Check results. 

e. Location. 

f. To whom assigned. 

3. Review card record to. 

a. Assure adherence to checking 
schedule. «- 

b. Locate troublesome gages or in¬ 
struments for redesign or carbide gaging 
surfaces. 

Frequency of check has to be deter¬ 


mined on the basis of aevraal oonindm- 
tions, such as: sensitivity of instrument, 
stability, frequency of use, nature of use, 
location with respect to dust, and mois¬ 
ture. Experience enables one to revise 
the schedule to assure an optimum 
checking interval. 

A convenient scheme for scheduling is 
to have indices in the card file for each 
day of the week, each day of the month, 
and each month of the year. Instru¬ 
ments or gages on a weekly schedule can 
be distributed to the days of the week, 
those on a monthly schedule to the days 
of the month, and those on a yearly 
schedule to the months of the year. 
Duplicate card files can be set up on 
the basis of gage number, others on 
basis of part number, and still others on 
basis of gage size. Such a plan \\'ill pro¬ 
vide adequate cross-indexing. 

ft 

9.10 AUTOMATIC GAGING 

In some cases, the requirements of 

a product are so stringent that 
they are far beyond the capabilities of 
the process. Such a product must be 
sorted. Good examples are the auto¬ 
matic sorting of balls for ball bearings, 
wrist pins for automobile engines, and 
rolls for roller bearings. Figure 14.10 
shows a machine for sorting roller-bear¬ 
ing rolls. 

These are merely examples that point 
the way. Mechanization of manufactur¬ 
ing processes and assemblies is going 
forward at a rapid pace. Inspection 
operations must also be mechanized to 
stay abreast of the times and to retain 
proper cost ratio. The use of photo¬ 
electric cells, selsyn motors, solenoids, 
electronic circuits, beta-rays, and a host 
of other scientific developments excites 
the imagination on what can be ac¬ 
complished in the field of automatic 
inspection. 

Already there are numerous examples 
of automatic inspection operations, such 
as the automatic stamping of an identi¬ 
fication mark (defective) on a unit that 
fails to meet certain electrical require¬ 
ments, the continuous monitoring of 
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Courtesy Federal Products Corporation. 

FIG. 14.10 AUTOMATIC GAGING OF BOLLS FOB 
BOLLEB BEABINGS. • 


sheet steel thickness by beta-rays, and 
the monitoring of enamel thickness by 
means of a magnetic circuit. Such auto¬ 
matic equipment should be checked at 
hourly intervals by running a “known” 
product through to see whether it is 
properly accepted or rejected. 


10 . PROCESS CONTROL 
10.1 OBJECTIVES OF PROCESS CONTROL 

(•The primary function of the qual¬ 
ity control activity is the preven¬ 
tion of dc/ccts.‘)\j'his function is best 
served by effective process control. If 
the process is statistically controlled at 
the proper levels with respect to the 
specification for a certain characteristic, 
no defectives will be produced—^at least 


with respect to that quality characteris¬ 
tic. Such an ideal situation would mean 
no scrap, no rework, no detailed in¬ 
spection or sorting, and product to 
specification. These are the objectives 
of process control. 


10.2 FUNDAMENTAL CONCEPTS OF 
PROCESS CONTROL 

No process can produce one unit 
exactly like another unit time 
after time. Although a process may ap¬ 
pear to be quite precise, a sensitive 
enough measurement of*a quality char¬ 
acteristic reveals an inherent variation 
in the product. This variation in the 
product is due to variation in the 
process. Even a simple process involves 
matter and energy by which some physi- 
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eal or chemical chai^ is made cm the 
article or substance being processed. 
Since there is an inherent non-uni< 
formity in matter, and since the release 
or conversion of energy is influenced by 
heat, pressure, and other variable fac¬ 
tors, it is impossible to divorce the 
process from the ever-present came 
system that brings about variability. 
Although statistical quality control rec¬ 
ognizes this inherent variability, it also 
recognizes that such variability follows 
a characteristic pattern for a given 
process and that the variation falls 
within certain limits. The process pat¬ 
tern is determined by measurements of 
the quality characteristics of the prod¬ 
uct. It is generally necessary to measure 
100 or more items to realize a sample of 
sufficient size to give a truly representa¬ 
tive pattern. In the majority of cases 
encountered in industry, this pattern 
approximates the normal frequency dis¬ 
tribution (see Section 13). 

There are two features of the fre¬ 
quency distribution (pattern) that are 
of primary interest; 

1.. The spread of measurements (also 
called “scatter” or “dispersion”). 

2. The placement of the mean or 
average with respect to some scale of 
measurement. • 

The first feature is measured by a 
statistic known as the standard devia¬ 
tion and designated by the Greek lower¬ 
case letter sigma (o-). (See Section 13.) 
This measure of spread tells us whether 
the normal process variations are such 
as to permit the manufacture of product 
within specification limits. (The total 
tolerance should be equal to or greater 
than 6(r of the process. See Art. 18, 
Process Capabilities.) 

The second feature is measured by the 
arithmetic average and is set at the 
proper level or is directed at the desired 
value. 

Besides knowing what the pattern is 
for the process, we are interested in the 
stabHUy of the pattern and hence the 
stadnlity of the process. A periodic in¬ 
crease or decrease in spread or a shift 
in mean (setting) of the process tells 
us that it is untfable. If a process is a 
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controlled process, it must be a stable 
process, (In some cases where a change 
in spread or mean can be predicted and 
adjusted for, the process can be held 
in control. An example is a shift in 
turned diameter due to tool wear. A 
periodic adjustment or sharpening of 
the tool will prevent too great a depar¬ 
ture from the desired mean.) 

When the process is stable and pro¬ 
duces a consistent, non-changing pat¬ 
tern of variation, the process is said 
to be operating under a constant came 
system.* Under these conditions, the 
process is said to be in a state of 
statistical control and its future per¬ 
formance can be predicted. If, on the 
other hand, a shift in the normal pat¬ 
tern of variation occurs, the process is 
said to be operating under an assignable 
came system. In other words, one or 
more extraneous * causes for variation 
exerted their influence on the process. 
These causes can usually be identified 
with the help of quality control charts 
that tell when the extraneous cause 
entered the system. If these charts show 
a lack of statistical control, the future 
performance of the process cannot be 
predicted and the process is said to be 
erratic or unstable. Figure 14.11 shows 
the chart patterns for various condi¬ 
tions of the process. 

10.3 QUALITY CONTROL CHARTS FOR 

PROCESS CONTROL 

The construction of 1C,R charts 

and p charts has been covered in 
Section 13, on Industrial Statistics. Con¬ 
trol chart limits formulae and factors 
were tabulated in Table 13A, page 786. 
It will be noted that the X charts for 
variables measurements use averages of 
subgroups of individual measurements. 
This practice gives greater sensitivity 
to the chart for detecting shifts in mean 
than if individual measurements were 
plotted. It has a disadvantage in that 

* Some authorities also call this a 
chance came system, on the basis that all 
variation under a constant cause system 
is due to chance variation. 
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FIG. 14.11 CHART PATTERNS FOR VARIOUS CONDI¬ 
TIONS OF THE PROCESS. 


the points on the chart show average 
measurements instead of individual 
measurements. Shop personnel are ac¬ 
customed to thinking in terms of 
individual measurements and the specifi¬ 
cation is always referred to individual 


measurements. Some quality control 
operators believe that the X,i2 chart 
should be used only as a “laboratory 
tool” for quality control analysts; others 
feel that it is a very valuable tool for 
the operator in the shop. Still others try 
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to circumvent the difficulty by using constant observation of the operator. 
“dot charts” for individual measure- If the operator is trained to take proper 
ments. However, thct>e are not nearly so action when a point falls outside control 
effective, from a statistical standpoint, limits, the control chart has served its 
as ^,R charts. purpose. It does not matter if the con- 

Certainly if the process is going to be trol limits are based on average of sub- 
effectively controlled, the operator must groups so long as correct action is ob- 
know frequently and promptly what the tained at the correct time in order to 
process is doing so that he can make maintain control of the process. A 
necessary adjustments at the proper useful device to avoid confusion between 
time. The control chart should be at the averages and individual measurements is 
location of the process and under the to cross-hatch the area outside modified 
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FIG. 14.11 CONTINUED. 


control limits* (based on the specifica¬ 
tion) and label such area “Out of 
Bounds.’’ Figure 14.12 shows such a 
chart. Although points are falling out¬ 
side statistical control limits, indicating 
a shift in mean, the prediction is that 
with R maintained the process average 
has not shifted sufficiently, as yet, to 
cause individual items to be outside 
the specification limits of 2.00-10.00 
ounces. The R chart gives a measure 
of spread for the process. It is related 
to the standard deviation of the process 
by the formula . 



where <r' = standard deviation 
_ of the process 
R == average range 
di — factor dependent on sub¬ 
group size. (See Table 13.4.) 

•Edward M. Schrock, “Modified Con¬ 
trol Limits,” Chapter XI in Quality Con¬ 
trol and Statistical Methods (New York: 
Reinhold Publishing Corporation, 1950), 
pp. 128-137. 


What has been stated for X,R charts 
as far as location of the charts is con¬ 
cerned also applies for jier cent defective 
charts (p charts), number of defectives 
chartsKpw charts), or number of defects 
per sample charts (c charts).* Unfor¬ 
tunately, the latter charts require a 
larger sample size than does the X,R 
chart to provide sufficiently accurate 
information. Because of this, points are 
usually not plotted on p charts as 
frequently as in the case of X,R charts. 
Often points on p charts are based on 
the results of the total inspection for 
the day. Production figures and number 
of rejects are not available until the end 
of the shift and go into the quality 
control office the following morning. It 
is usually noon of the day following 
production before results of that pro¬ 
duction are charted. If an investigation 
is necessary before action can be taken, 
a delay of several days may result be¬ 
fore corrective action is realized. Ob- 

•p, pn, and c charts are presented in 
Section 13 on Industrial Statistics. 
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FIG. 14.12 X, R OHART WITH CONVENTIONAL AND 
MODIFIED LIMITS (CROSS HATCHED AREA 
OUTSIDE OF MODIFIED LIMITS), 


viously the Jines of communication are 
too long and take too much time. A 
quality control indicator* has been de¬ 
veloped into which is fed continuously 
the number of units passing through an 
inspection poipt and into which the 


♦General Electric Publication, Bulletin 
GEC-6S9 (Section 687-63), General Elec¬ 
tric Ck), &henectady. New York. R. C. 
Miles, “The Quality Control Indicator," 
Industrial Quality Control, Vol. VI, No. 5, 
March 1950, p. 16. 



































FIG. 14.13 QUALITY CONTEOL PUNCH 
pn CHART. 

inspector feeds the number of rejects for 
a given characteristic by merely pressing 
a button each time a rejection for that 
characteristic occurs. An electrical meter 
on the front of the device interprets the 
data to show whether or not the process 
is operating above or below the upper 
8 ct limit of the p chart and to what de¬ 
gree. This gives instantaneous informa¬ 
tion at any time during the period df 
operation (inspection). Investigation 
and corrective action can be started at 
once when the pointer of the meter ap¬ 
proaches or exceeds the limit. 

Another device that can be used to 
speed up pn chart information is the 
punch board or peg board shown in Fig. 
14.13. A sample of fixed size is taken at 
hourly intervals from the process. The 
number of defectives found in the sam¬ 
ple is indicated by a peg moved into the 
row indicating 1, 2, 3 or whatever num¬ 
ber of defectives was found in the sam- 


Courtesy Geneial Electric Company. 

BOARD FOR 


pie. Uaually a sample of 50 or 100 items 
is taken. The central line is indicated by 
means of i/4-iiich-wide, blue-colored, 
pressure-sensitive tape. The upper con¬ 
trol limit is indicated by a i/4-inch-wide, 
red-colored, pressure-sensitive tape. 
Usually this upper limit is established 
at 2(r to increase the sensitivity of the 
chart.* (The So- limits are so wide for 
small sample sizes that the chart lacks 
sensitivity toward shifts in pn.) The 
board shown has 22 columns to provide 
hourly samples on three-shift operation 

♦ Statistically, 2<r limits would mean 
that on the average about one point in 5S) 
would be outside the 2<r limit, even though 
no assignable cause for variation was pres¬ 
ent; however, this cost for looking for 
trouble when no trouble exists is a small 
cost for increasing the sensitivity to obtain 
an indication when an assignable cause is 
present and bringing about a shift in the 
pn. 
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with time out for lunch periods. A 
permanent record can be obtained by 
placing a paper form between the alu¬ 
minum-sheet back and the Plexiglas 
front. The pegs are punches that per¬ 
forate the paper. 


10.4 SIZE OF SAMPLE 

For X,R charts, samples should 

preferably consist of a subgroup 
of 4, 5, or 6 items. Subgroup size of 2 
or 3 results in 4ack of sensitivity for the 
X chart. Subgroup size of over 10 re¬ 
sults in loss of efficiency for R in giving 
a measure of the standard deviation. A 
series of 25 subgroups should be used 
for calculation of trial control limits and 
central lines (see Section 13). Limits 
should be reviewed at the end of each 
run of 25 subgroups and adjusted until 
standard values for average and range 
can be established. Even after standard 
values are established, periodic review 
of the process against the standard 
should be made. 

For p, pn, and c charts, the samples 
should be large enough to provide So- 
control limits that have a reasonable 
degree of sensitivity. Crawford and 
Howell* have recommended t*hat the 
upper limit should not be more than 
three times the value of the average. 
By equating UCL to 3p, they derive 
the formula 



P 

where N — sample size 

p = average fraction defective 

Jurant derives another formula based 
on the criterion that the presence of no 
defects in the sf:.mple will indicate a 
significant improvement over standard, 
i.e., p — Zof, 

* James ^ Crawford and John M. 
HoweU, Engineering Statistics of Quality 
Control, 1944, University of California War 
Tramkg ESMWT 541. 

tJuran, Quality Control Handbook, p. 
394. 
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10.5 METHOD OF TAKING BAMPU^ 

Samples should be taken to ob¬ 
tain rational subgroups. A rational 
subgroup is defined as a group vnthin 
which variations may for engineering 
reasons be considered to be due to non- 
assignable chance causes only, but be- 
txoeen which there may be differences 
due to assignable causes whose presence 
is considered possible. All members of 
a subgroup should be produced under 
essentially the same conditions; hence 
items comprising the subgroup should 
be taken from a very short interval of 
time. For example, it would be prefer¬ 
able to take a sample from the product 
made during a five-minute interval 
rather than taking it at random from 
the product accumulated over an hour’s 
time. (If sampling is done for accept¬ 
ance purposes, 'rather than for control 
chart purposes, a random sample taken 
from several hours’ production is desir¬ 
able in order to represent all periods of 
production. See Acceptance Sampling, 
Art. 11.) 


10.6 FREQUENCY OF SAMPLE 

The frequency of sample depends 

on the period of time one would 
be willing to operate the process “out 
of control” without being aware that 
it was out of control. Economic con¬ 
siderations usually influence the de¬ 
cision. For example, if a sample showed 
the process to be out of control, it might 
be desirable to screen all the product 
made after the preceding sample that 
indicated that the process was in con¬ 
trol. 

Where very close control is desired, 
samples may be taken as frequently as 
every 15 minutes. Common practice is 
to sample approximately once each hour. 
For processes that have remained in 
good to excellent control over long 
periods of time, a sample taken once 
every four hours or once a shift should 
prove adequate. 
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10.7 WHO SHOULD KEEP THE CON- 10.8 HOW MANY CONTROL CHARTS? 
TBOL CHART? 


When a control chart is started, 
it is usual for a quality control 
engineer or quality control analyst to 
obtain the initial measurements, calcu¬ 
late control limits, and set up the chart. 
Also, any later revision of limits is the 
responsibility of such persons. 

Once the chart is established, either 
the operator or inspector on the job may 
obtain the measurements, make the sim¬ 
ple calculations involved, and plot the 
points. If the type of operation permits, 
it is preferable to have the operator 
run his own chart. He is more likely to 
feel that the chart is a tool to help him 
control the process rather than a device 
that gives the inspector a way of 
checking on him. Some object that the 
operator w’ould be tempted to bias 
the results to make a g<fod showing on 
the chart. An occasional audit point 
identified by the foreman or inspector 
would reveal such bias if you really 
think the operator would “cheat.” 

Another objection is that the opera¬ 
tor is hired to manufacture, not “to 
keep books.” But a little “paper work” 
might add to the interest of the job. 
Actually, to add five figures, get an 
average, subtract the smallest figure 
from the largest in a subgroup, and plot 
a point on the X chan and another on 
the R chart should take about two min¬ 
utes. By using subgroups of five, division 
can be accomplished by doubling the 
total for the subgroup and pointing off 
one place. Division could be eliminated 
entirely by setting up control limits on 
the total instead of the average. In the 
opinion of some quality control engi¬ 
neers, this procedure has the advantage 
of giving a number that does not re¬ 
semble the specified measurement; hence 
it eliminates possible confusion between 
the values for averages and for indi¬ 
vidual measurements. 

In the case of pn charts, the punch 
board can easily be kept by the operator 
—even if he has oily hands! (S^ Art. 
10.3.) 


Obviously, running a chart on 
every characteristic of every part 
and product would be nonsense. Charts 
should be run only on important charac¬ 
teristics and then only if they will “pay 
their way.” It costs money to provide 
and maintain test equipment, obtain 
measurements, calculate results, and 
plot and interpret charts. If the chart 
saves more than these costs, then it 
should be kept. If not, it should be 
eliminated. If a chart is not quite 
paying its way, it is often advisable to 
decrease the frequency of sampling to 
reduce costs rather than lose entirely the 
values the chart provides. 

10.9 PROCESS CONTROL ACTION 

Process control procedure may be 
divided into four principal steps; 

1. Decide what characteristics are to 
be controlled. 

2. Get the facts. Determine the 
process “iiattern” by measuring the 
product for characteristic under consid¬ 
eration. 

3. Analyze the data by means of 
process capability studies and statistical 
quality control charts. 

4. Talft necessary corrective action. 

Table 14.2 gives a schematic diagram 

of action to be taken depending on 
process performance versus specification. 

11. ACCEPTANCE SAMPLING 

11.1 PURPOSE OF ACCEPTANCE 
SAMPLING 

The purpose of acceptance sam¬ 
pling is to arrive at a decision with 
regard to acceptance or rejection of a 
lot, wilhout having to examine the entire 
lot. Inspection economy is thereby af¬ 
forded. 

Acceptance sampling may*be used at 
three different stages of the process: 

1. Lot-by-lot acceptance of purchased 
(incoming) materials. 



TABLE 14.2 ACTION TO BE TAKEN UNBEB CEETAIN GONDmONS OF CON-* 
TBOL AND TOLERANCE 


PROCESS 

PRODUCT 

Stability 

“Spread” with rela¬ 
tion to tolerance* 

Meets tolerance 

Does not meet tolerance 

In 

Control —1 

Variation Large —* 

No action. 

Process may be misset and 
also have too much spread. 
Reset and consider econom¬ 
ics of wider tolerances vs. 

1 

Variation Small 

Possible cost reduc¬ 
tion through less pre¬ 
cision in process. 
Widen tolerances if 
sound from engineer¬ 
ing standpoint. 

precision process vs. sorting. 
Process misset. Reset at 
proper average. Correction 
can usually be achieved 
without difficulty. 

Out of 

Control —' 

Variation Large —♦ 

Determine cause and 
eliminate if economi¬ 
cally justified. 

Process is misset, erratic, or 
both. Determine cause for 
lack of control. Consider 
economies of wider toler- 


Variation Small —» 

No action, t 

ances vs. precision process 
VA sorting. 


* "Spread'’ of process considered to be small with relation to tolerance if it is one-third or lees that of the 
total tolerance; large if over two-thirds total tolerance. 

t Even in this case it is advisable to identify the cause for lack of control so that it can be "held in check." 
An out-of-control process is unpredictable and may run for periods where the product does not meet tolerance. 


2. Acceptance of material moving 
from one manufacturing section to an¬ 
other within the factory. 

3. Acceptance of completed 'product 
for shipment to the consumer. 

11.2 TYPES OP ACCEPTANCE 
SAMPLING 

1. Attribute. Where acceptance 
criteria are based on the number 
of defectives or defects found in the 
sample. 

2. Variable. Where acceptance criteria 
are based on “mean” and “spread” of 
a number of individual measurements on 
articles making up the sample. 

11.3 ACCEPTANCE SAMPLING PLANS 

Varioils sampling plans and their 
characteristics have been discussed 
m Section 13, Industrial Statistics. A 
plan specifies a sample size for a given 
ot size and the acceptance criteria, i.e., 


number of permissible defects in the 
sample. Each sampling plan has stated 
risks. It is important that the quality 
control engineer be thoroughly familiar 
with the operating characteristics of the 
plan he is using so that he w'ill know 
the producer and consumer risks in¬ 
volved. It should be emphasized that 
the AOQ (Average Outgoing Quality) 
given by a sampling plan is a long-term 
average. Individual lots may be accepted 
which have a per cent defective con¬ 
siderably above this average, depending 
on the quality submitted. The OC curve 
(Operating Characteristic curve) gives 
this information. 

Single, double, or multiple sampling 
plans (see Section 13, Art. 3) may be 
selected to give either: 

1. Lot quality protection. 

2. Average outgoing quality protec¬ 
tion. 

The former, LTPD or pg (Lot Toler¬ 
ance Per cent Defective) corresponds to 
P« = 0.10 on the OC curve for moat 
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commercial applications. A considerable 
amount of inspection (large samples) 
are necessary to insure a low 
Average quality or average outgoing 
quality limit (AOQL) is generally the 
basis on which sampling plans are se¬ 
lected, for it is the average that is most 
generally dealt with from a cost stand¬ 
point. 


11.4 SBLECTION OF PLAN: SINGLE, 
DOUBLE, OB MULTIPLE 

After it has been decided whether 
inspection is to be on an attribute 
or variables basis, and after a decision 
has been made between lot quality pro¬ 
tection and average quality protection, 
there is still a decision as to single, dou¬ 
ble, or multiple sampling when attribute 
inspection is used. 

Single sampling is tlie most easily 
administered and the least complicated 
as far as procurement of samples is 
concerned; however, where inspection 
cost per unit is high, the smaller amount 
of sampling afforded by double and 
multiple sampling is an offsetting ad¬ 
vantage. Single sampling gives the most 
information on the quality level of the 
lot. 

When submitted quality is better than 
the AQL for the plan (as it usually 
should be), double and multiple sam¬ 
pling require a lower average amount of 
inspection than single sampling. When 
AQL values are so low as to require 
two and three multiple samples before 
acceptance, this advantage for multiple 
sampling decreases in importance. 

Double and multiple sampling have 
a psychological advantage in that they 
afford the producer a “second chance.” 

When submitted quality is consider¬ 
ably worse than the AQL, double and 
multiple sampling require less average 
inspection due to rejection on the first 
sample. 

When quality is intermediate, double 
and multiple sampling may require more 
inspection than single sampling. 

When double sampling is used, care 
should be taken that the persons who 
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use the tables understand that the 
second acceptance number is the number 
of permissible defects in the combined 
first and second sample and does not 
apply to the second sample alone. 

11.5 IMPORTANCE OF PROCESS AVia- 
AG£ 

In selecting sampling plans, it 
should be recognized that single 
sampling gives the most information 
concerning the process average that 
provides a basis for decision between 
normal, tightened, and reduced inspec¬ 
tion (see Section 13, Art. 3.83).* 

Because of the importance of the 
process average, the specified first sam¬ 
ple should be completed regardless of 
what plan was chosen and regardless of 
the fact that the rejection number may 
be reached prior to completion of in¬ 
spection for the first sample. The per¬ 
centage of defectives found in the first 
sample provides a measure or estimate 
of the process average. In double sam¬ 
pling plans, inspection may be terminated 
as soon as the rejection number is 
reached during the inspection of the 
second sample. In multiple sampling, 
inspection may be terminated during the 
second or beyond the second sample. 

A suifable record card should be pro¬ 
vided which will tabulate inspection re¬ 
sults on first samples. Figure 14.6, page 
979, shows such a record form, 

11.6 TIGHTENED INSPECTION 

Tightened inspection provides pro¬ 
tection against acceptance over an 
extended period of lots that have quality 
slightly worse than the acceptable qual¬ 
ity level (AQL). The tightened inspec¬ 
tion reduces the probability of accepting 
a lot of a given fraction defective and 
is used when it becomes apparent that 
below-standard quality is being sub¬ 
mitted (see Section 13, Ar#. 3.83). 

* For a more complete discussion of 
selection of sampling plans, see Grant, 
Statistical Quality Control, 2nd ed., pp. 
384-387. 
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11.7 REDUCED INSPECTION 

(See Section 13, Art. 3.83.) Re¬ 
duced inspection is optional. Un¬ 
less its use will actually permit a 
reduction in inspection force or permit 
the "fixed” inspection force to devote 
more time to closer inspection of critical 
characteristics, it should not be used. 
Where a large number of items may 
qualify for reduced inspection, real econ¬ 
omy may be realized and the inspection 
force may be reduced. It must be re¬ 
alized, however, that protection against 
an occasional bad lot has been greatly 
reduced through the use of reduced in¬ 
spection. 

11.8 FORMATION OF INSPECTION LOTS 

The more homogeneous the lot 

being sampled, the better chance 
that the sample will properly evaluate 
the lot. For this reason, it is advan¬ 
tageous to have the vendor or producer 
keep separate those articles that are 
produced under essentially the same 
conditions. If the product from one 
machine could be considered as a lot 
and sampled as a lot, it would be better 
than making up a lot of product from 
two or more machines. To do this re¬ 
quires a close working relationship with 
the vendor (see Art. 12.3). 

Subject to the foregoing limitations, 
inspection lots should be as large as 
possible. The large inspection lot calls 
for larger samples, which permit better 
discrimination between good lots and 
bad. Also, the sample specified for large 
lots is a smaller percentage of the total 
items submitted than is the case udth 
smaller lots. 

11.9 RANDOMNESS IN SAMPLING 

All sampling plans are based on 

the sample’s being selected in a 
random manner—i.e., all pieces in the 
lot have an equal chance of being 
selected to make up the sample. Tl^ 
calculated risks, quality limits, and so 
on, are likely to be in error unless the 
sample is a random sample. 


QUALITY CONTRCH [IIJ' 

This is one of the most important 
requirements in acceptance sampling, 
yet it is the one most often neglected. 
It takes discipline and effort to get a 
random sample. The inspection super¬ 
visor must provide means for shifting 
pallets and opening crates to insure a 
random sample.* A good disciplinary 
device is the use of a table of random 
numbers for selecting pre-numbered 
articles from the lot. 

A "sampling thief,” such as that used 
in the milling industry for sampling 
grain, is a useful device for sampling 
kegs of small rivets, nuts, bolts, screws, 
and so forth. 

11.10 PROBLEM OF RESUBMITTED LOTS 

Lots that have been rejected, re¬ 
turned to the producer for 100 
per cent inspection, and resubmitted to 
the consumer’s ‘ acceptance sampling 
should be properly identified so that: 

1. Results of inspection on 100 per 
cent detailed lots will not be included 
in process average calculations. 

2. More severe acceptance criteria 
may be used to assure that practically 
all the defectives were removed. (This 
is a requirement if the AOQL of the 
plan is to be relied upon.) 

A special problem arises if rejected 
lots are resubmitted unchanged, with¬ 
out any detailed inspection, on the 
chance that they will be accepted on 
the next sampling inspection. The only 
protection the consumer has is to insist 
upon proper identification of resub¬ 
mitted lots. This is a requirement in 
MIL-STD 105A, used for government 
procurement. 

11.11 ACCEPTANCE SAMPLING BY 
VARIABLES 

Although acceptance sampling by 
attributes has more widespread 
use, because of its simplicity, than 
acceptance sampling by variables, the 

♦ The problem of how many containers 
should be opened is discussed in Juran, 
QuaHty Control Handbook, pp. 421 and 
422, footnote. 
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latter will fill a specific need where it is 
important to measure certain specific 
quality characteristics. 

Acceptance sampling by variables has 
the following advantages over attribute 
sampling, as given by Grant:* 

1. Better quality protection with a 
small sample size. 

2. Measures degree or extent of con¬ 
formance or nonconformance. 

3. Better basis for guidance toward 
quality improvement. 

4. Better basis for giving weight to 
quality history in acceptance decisions. 

5. Errors of measurement more likely 
to be disclosed by variables information. 

Plans for acceptance sampling by 
variables are explained in Section 13, 
Arts. 3.10 to 3.15. Although the calcula¬ 
tions based on the sample measurements 
are not particularly complicated, they 
are generally more difficult than would 
be undertaken by the average inspector 
or inspection supervisor. It would be up 
to a quality control engineer or statis¬ 
tician to process the inspection results 
and reach the decision to accept or re¬ 
ject. Such a procedure offers limitations 
in industry. 

A plan that makes use of a frequency 
distribution of a sample of 50 measure¬ 
ments is the Lot Plot Plan developed 
by Shainin. This plan can be operated 
by the inspector of above-average intel¬ 
ligence and is being successfully used by 
many companies. A set of concise rules 
are given, involving calculation of 3tr 
from fl* based on 10 ^bgroups of 5 
measurements each and 7.t 

12. VENDOR RELATIONSHIPS 

• 

12.1 FACTORS INVOLVED IN CON¬ 
SUMER-VENDOR RELATIONSHIP 

Amicable relations depend on un¬ 
derstanding and agreement on 
price, delivery, and quality require- 

* Grant, Statistical Quality Control, 2nd 
ed.. p. 408. 

t For a complete presentation of this 
plan, see Dorian Shainin, “Tlie Hamilton 
Standard Lot Plot Method of Acceptance 
Sampling by Variables,” Industrial Quality 
Control, Vol. 7, No. 1. July 19§0. 16-34. 


ments. Too often the last item, quality 
requirements, has not been clearly de¬ 
fined and agreed upon. Quality require¬ 
ments should he made a •part of the 
contract agreement. 


12.2. OBJECTIVES OP A VENDOR-CON¬ 
SUMER QUALITY PROGRAM 

1. C(»t reduction. 

2. Improved delivery. 

3. Acceptable product. 

4. Rapid correction of process. 

5. Over-all economy of inspection, 

6. Agreement on disposition of non¬ 
conforming product. 

7. Mutual confidence. 


12.3 COMPONENTS OF A VENDOR-CON¬ 
SUMER QUALITY PROGRAM 

1. Clearly define quality require¬ 
ments on a realistic basis. Classify 
quality characteristics as to importance, 
and state the AQL (Acceptable Quality 
Level) for each important characteristic. 
Figure 14.14 shows a form that sets 
forth this information; this form be¬ 
comes a part of the purchase order. 

2. Aid the vendor in establishing 
effective quality control techniques for 
process control in the vendor’s plant 
(see Art. 10). 

3. The vendor, in turn, furnishes the 
consumer with process average informa¬ 
tion as a part of the quality certification 
(see Item 6 below). 

4. Vendor and consumer agree and 
standardize on gaging and testing meth¬ 
ods, and inspection procedures and 
standards, including sampling plans. 

5. Vendor agrees to "lotting” prod¬ 
uct so that one lot of product will in¬ 
clude parts that have been produced 
under essentially the same conditions. 
This procedure will facilitate later sam¬ 
pling by the consumer—and, in case of 
difficulty, will facilitate segregation of 
non-conforming lots. 

6. Vendor provides consumer with 
a Certification of Quality, which will 
convey the vendor's test results, along 
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Courteay General Electric Company. 


FIQ. 14.14 QUALITY CONTKOL INSPECTION PLAN. 


with the respective product, to the con- 
Burner. The objective is to eliminate 
unnecessary* duplication of inspection 
and testing on the part of the consumer. 
(The consumer may make occasional 
check tests to confirm the vendor’s re¬ 
sults.) 


7. The consmner accepts the ven¬ 
dor's product on the basis of a mutually 
acceptable sampling plan, sUch as MIL- 
STD 105A for Attrilmte Sampling (Sec¬ 
tion 13) or the Lot-Plot Plan for 
variables sampling (Art. 11.11 of this 
Section). 




























































114] 

8. The coneomer '‘feeds back” the 
results of his inspection to the vendor 
so that the vendor can see if test re> 
suits are m agreement. 

9. Procedures are established with 
regard to handling and financial re¬ 
sponsibility in the event that a lot re¬ 
ceived by the consumer fails to pass 
acceptance criteria; i.e., lot to be re¬ 
turned to vendor for sorting and/or 
correction, lot to be sorted by consumer 
at vendor’s expense, or other arrange¬ 
ments. 

10. Consumer agrees to absorb loss on 
few defective articles that are present 
in acceptable lots. 

11. Vendor informs consumer ol any 
necessary changes in process or substitu¬ 
tion of materials so that consumer can 
make tests and take proper precautions. 


12.4 THK consumer’s buyeb deals 
WITH the vendor 

All dealings with a given vendor 
should clear through one indi¬ 
vidual in the organization, usually a 
member of the purchasing section. The 
quality control engineer should work 
through the buyer in making contacts 
with the vendor. 


12.5 vendors’ ratings for use of 

BUYER 

Vendors are individually rated on 
the basis of the ratio or percent¬ 
age of lots accepted to total lots re¬ 
ceived. According to their quarterly 
percentage rating, vendors may be clas¬ 
sified as preferred, acceptable, proba- 
tional, or not approved. 


12.6 INSPECTION OF VENDOR’S FACIL¬ 
ITIES BY CONSUMER 

When a new vendor is being con¬ 
sidered, it is advisable for the 
buyer to arrange an inspection of the 
vendor’s facilities by the consumer’s 
quality control engineer or other repre¬ 


sentative to be assured of the adequacy 
of the vendor’s facilities to produce to 
the consumer’s requirements. 

It also proves, helpful to return the 
favor of a visit by having the vendor 
come into the consumer’s plant so that 
the vendor can see where the part goes, 
what is required of it, and how it is 
tested. 


12.7 VENDOR PRODUCT QUAUTY CON¬ 
FERENCES 

Some large companies, who have 
several hundred vendors, have 
used vendor conferences to good ad¬ 
vantage. All vendors are invited to send 
one or two representatives to a formal, 
but varied, one-day program at the con¬ 
sumer’s plant. Aims and objectives of 
the quality control program are pre¬ 
sented. A luncheon and plant visit are 
included. Such programs have been well 
received by suppliers. 


12.8 USE OF PAMPHLETS OR BRO¬ 
CHURES IN VENDOR-CON¬ 
SUMER RELATIONSHIPS 

Some large companies* have pub¬ 
lished a series of pamphlets out¬ 
lining vendor-consumer objectives and 
plans. 

On the other hand, some vendors 
through their associationsf have pub¬ 
lished pamphlets setting forth their 
limitations, extra costs for certain re¬ 
quirements, standard finish to be ex¬ 
pected, and so forth. 

Such brochures and pamphlets pro¬ 
vide an excellent medium through which 
vendor and consumer can understand 
each other’s problems and reach their 
common goal of high quality at low 
cost. 


• “Quality Level Certification,” Ford 
Motor Co., Dearborn, Michigan, 1951. 

t “Buyers' Guide for Screw Machine 
Products,” National Screw Machine Prod¬ 
ucts Assoc., 13210 Shaker Square, Cleve¬ 
land 20, Ohio, 1945. 
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13. QTJALWr AUDIT 

13.1 MEANING Of THE TEBM 
“quality audit” 

The term “quality audit” has been 
used to mean several different 
things. Without exception, it is con¬ 
sidered a part of the quality assurance 
function. Juran* uses the term to mean 
a periodic quality survey of all quality 
factors for a given product. McNairy,t 
Small,t and others have used the term 
“quality audit” to mean “An engineering 
check on the quality of product ready 
for shipment.” This is what Juran calls 
a “quality rating of outgoing product” 
or “check inspection.” 

Whether the term is used in the broad 
or the restricted sense, the importance 
of evaluating product quality from the 
standpoint of the customer is rapidly 
becoming appreciated in industry. 

13.2 actual-use tests 

The quality audit includes some 
tests not necessarily used in fac¬ 
tory inspection and test activity. Actual- 
use tests might not be practical on the 
factory test line, but certainly the qual¬ 
ity audit should include tests to see, for 
example, if a mixer really mixes heavy 
cake batter, a washing machine washes 
delicate garments, or an automobile en¬ 
dures under severe road conditions. En¬ 
durance or life tests are considered a 
part of the quality audit testing pro¬ 
gram. Life tests are discussed separately 
in Section 14. 

13.3 A quality rating plan for the 

QUALITY AUDIT 

In order to evaluate the quality 
of the product for successive pe- 

* Quality Control Handbook, p. 334. 
t J. W. McNairy, “An Appraisal of Qual¬ 
ity Control,” Industrial Quality Control, 
Vol VI, No. l,>ly 1949, 5-14. 

t Bonnie B. Small, "Use of Control 
Chart Techniques in Making a Quality 
Audit,” Industrial Quality Control, Vol. 
VI, No. 1, July 1949, 15-19 and Vol. VI, 
No. 2, September 1949, 11-15. 


n* 

riods of manufacture, various rating 
plans have beeit devised. Of course, the 
conventional control charts prove useful 
in this regard; however, such charts are 
usually supplemented by a rating system 
that makes use of a schedule of demerits 
for each type of defect found in the 
finished product. Each article of product 
examined is given a rating. In one 
system, which has been used in the 
electrical appliance industry, an item 
devoid of defects would have a rating 
of 100 points. A defect of major im¬ 
portance might carry 30 demerits. An 
item with such a defect would have a 
rating of 70. Since the system is set up 
with limitations for certain categories 
of defects, it will not be possible to have 
an item with a rating below zero. A 
check list for such a rating plan is shown 
in Table 14.3. 

The number of demerits given to the 
defect is based bn the seriousness of 
the defect. Various systems are in use 
that classify defects as to their serious¬ 
ness—i.e., critical, major, minor A, and 
minor B. 

Various ratios of weights are arbi¬ 
trarily given to the various classes of 
defects. A fourfold system might have 
1(X), 50, 10, 1, or 20, 15, 5, 1. A three¬ 
fold system could be in the ratio 10, 
3, 1. A twofold system (i.e., major and 
minor) could be 3, 1. 

With any such system given, and with 
demerits assigned to all defects en¬ 
countered, it is possible to rate each 
unit of product either in terms of de¬ 
merits per unit or rating (100 points 
minus demerit points) per unit. It is 
then possible to calculate the average 
rating of the sample for a period such 
as a week or a month. This procedure 
gives very valuable information of a 
type that can be charted and presented 
to management. Limit lines* on such a 
chart are useful in telling management 
when the product quality has signifi¬ 
cantly declined or improved with refer¬ 
ence to a base period. Such information 
provides the executive with a basis for 
action. 

* Juran, Quality Control Handbook, pp. 
332, 333. 



TABLE 14.3 CHECK LIST FOR BATING PLAN* 


* 

(Quality eootrol—Automatic washer) 


I. Operational Defects. 40% 

A. Mechanism: 

1. Agitate power. 6.00 

2. Start spin power. 8.00 

3. Full spin power. 6.00 

4., Torque. 3.00 

5. Resistances (each). 2.00 

B. Tub and apron assembly* 

1. Loose screws in tub flange. 0.25 

2. Suds kill baffle screws loose. 0.60 

3. Suds kill baffle lock washers missing. 0.50 

4. Suds kill baffle screws corroded. 1.00 

5. Suds kill baffle screws stripped. 

C. Dole valve: 

1. Water-temperature control (each). 10.00 

2. Flow control. 3.00 

3. Inoperative. 25.00 

4. Noisy. 6.00 

5. Poor shutoff....'. 25.00 

D. Circulating and drain pumps (demerit each pump): 

1. Noisy motor. 3.00 

2. Inoperative. 30.00 

3. Loose through bolts. 3.00 

4. Defective motor leads. 1.00 

5. Lead through housing and adapter. 2.00 

11. Appearance Defects Other Than Paint. 20% 

A. Cover assembly: 

1. Dented. 3.00 

2. Trim band not tight. 2.00 

3. Trim band wrinkled. 2.00 

4. Trim band burred. 2.00 

5. Trim band poorly finished.T. 3.00 

B. Apron and back panel: 

1. Wrinkled. 1.00 

2. Dented. 3.00 

3. Poor fit with cover. 3.00 

C. Controls: 

1. Not horizontal. 2.00 

2. Poor lettering on dials (each). 0.60 

3. Discolored dials. 1-00 

III. Crating.*. 20% 

1. Suspension blocks loose. 5.00 

2. Crate bottom loose. 5.00 

3. Old-style crate. 20.00 

4. Nails missing. 0.60 

S'. Nails mislocated. 0.25 

IV. Condition of Paint. 20% 

1. Orangepeel. 3.00 

2. Rough paint.* 3.00 

3. Too thin. 3.00 


100 % 


* Reproduoad Igr Ptrndasion of /ndiMfrwl Quality Control. "An Appraisal of Quality Control” hy J. W. 
MeNairy in Vtd. Vl, No. 1 of Induotriai Quality Ct^d. 
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14. LIFE TBiSfi 

14.1 ufe: a qualitt chabac- 

TEBISTXC 

The life of a product is but one 
of several quality characteristics; 
however, it receives special consideration 
over other quality characteristics because 
of: 

1. Elapsed time to evaluate. 

2. Destructive nature of test. 

A life test seeks to measure the time or 
period during which the product loill 
retain its desired quality characteristics. 
This may apply to eitW or both (1) 
shelf life and (2) life during use. 

Many expendable products, which 
have no life in use, i.e., food products, 
do have considerable importance at¬ 
tached to their keeping qualities or shelf 
life. On the other hand, an electric lamp 
may present no problem as far as shelf 
life is concerned, but its life in use be¬ 
comes an important factor. 


14.2 LIFE tests: actual-use condi¬ 
tions 

One method to evaluate the life 
of a product is to identify th% time 
it went into regular service and the 
time it finally failed in regular service. 
Some products may be in actual service 
use only a few hours a week. Usually this 
is such a time-consuming proceaure that 
it is of. little value for control of a 
manufacturing process. It is important, 
however, to run a limited number of 
actual-use tests to determine how in¬ 
tensive life test results or accelerated 
life test results correlate with actual life 
in use. 


14.3 LIFE tests: intensive condi¬ 
tions 

A test under intensive conditions 
differs from a test under actual- 
use conditions in that idle time is etirr^i- 
nated to hasten the test results. FOi 
example, the electric hand iron is us^d 


approximately three hours per week in 
the average home. In an intensive life 
test on an electric hand iron, the iron 
would be operated continuously at rated 
voltage (except for an occasional cool¬ 
down period to reveal any weaknesses 
due to alternate thermal expansion and 
contraction). In this way, the results 
can be obtained in a few months instead 
of several years. 


14.4 life tests: ACCELERATm> con¬ 
ditions 

Under accelerated conditions, the 
device is operated under severe 
conditions to hasten its breakdown, i.e., 
high speeds, high voltages, high temper¬ 
atures, severe vibration, abrasion. For 
example, the electric hand iron might be 
operated at 160 ‘volts instead of 115 
volts in order to bum out the heating 
element sooner. Accelerated life tests are 
of value only to the degree with which 
they correlate with actual-use life tests 
or intensive life tests (see Correlation, 
Section 13, Art. 5.7). 

There is a definite limit to severity of 
conditions. Beyond this limit other fac¬ 
tors, quite different from those encoun¬ 
tered in actual use, enter to give mis¬ 
leading and false evaluation of life. 


14.5 life test: statistical analy¬ 
sis OF DATA 

There are two requirements for 
life testing: 

1. Small samples (because of destruc¬ 
tive nature of test). 

2. Prompt test results. 

These requirements place great impor¬ 
tance on powerful statistical techniques. 
Here is a very fertile field for some 
signal contributions by statisticians. 

The Shewhart Control Chart has 
proved a powerful technique in the 
field of destructive testing where samples 
are limited by economic considerations 
(see Section 13). Life testing is a spe¬ 
cial application of this procedure; how¬ 
ever, certain modifications can be made 
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* Reproduced by permiasion from Dr. J. H. Davidaoa, "Statietioal Methods in Industry,” Omeral EUcbrie 
Review, September 1952. • 


to save time in making conclusions on 
test results. Purcell * has established 
control charts on the median and the 
minima in testing electric lamps. With 
this technique, it is not necessary to 
run the entire sample to destruction. 
Conclusions can be drawn on the time 
of the first failure and median or middle 
failure. Other statistical techniques have 
been developed to economize on time 
in evaluation of life test data. Daviest 
has installed a system for evaluating 
radio tube life. Another method of rating 
life of radio tubes has been presented in 
Juran’s Quality Control Handbook by 
members of Sylvania Electric Products, 
Inc. 

A very useful statistical aid in plan¬ 
ning life tests is shown in Table 14.4. 
This table was developed by Dr. J. H. 
Davidson and is reproduced here by 
permission of the General Electric Ee- 

• Warren B. Purcell, “Savii^ Time in 
Testing Life,” Industrial Quality Control, 
VoL III, No. 6, March 1947, 15-18. 

tJ. Alfred Davies, “Life Test Predic¬ 
tions by Statistical Methods to Expedite 
Radio Tube Shipments,” Industrial Quality 
Control, Vol. IV, No. 1, July 1947, 12-17. 


view. The table shows the sample size 
required in a life test to be sure (with 
probability P per cent) that fewer than 
k per cent of future units will fail in 
a time shorter than the shortest life 
in the sample. 

For example, if we wanted to be sure 
to probability 95 per cent that not more 
than 5 per cent of the product would 
fail before 2500 hours, we would have 
to life-test 59 items and have all items 
run 2500 hours before the first failure 
occurred. 


15. PACKAOIKO 

15.1 DELIVERED QUALITY 

Unless the product is delivered to 
the customer in a satisfactory con¬ 
dition, the quality job has not been 
carried to completion. The product may 
be perfect when it leaves the factory; 
but if it is received by the customer in 
a damaged condition, much customer 
dissatisfaction and monetary loss may 
result. 
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15.2 SPECIAI. F&OTECnON BBQUIBS- 

MENTS 

The nature of the product may 

require special protection from the 
following deteriorating factors: elevated 
temperatures, freezing or sub-zero tem¬ 
peratures, sudden changes in tempera¬ 
ture, humidity (high or low), sunlight, 
dust, micro-organisms, air (oxygen), vi¬ 
bration, shock, abrasion (from packing 
materials), water damage, absorption of 
off-odors or off-flavors, and many other 
factors. Through special packaging and 
handling, it is possible to protect the 
product from any or all of these factors. 
Such protection may involve hermeti¬ 
cally sealed packages, refrigeration, des¬ 
iccation, grease or plastic coatings, 
special wrappings, and floating packages. 
The job of the package engineer is to 
specify the proper protection and pack¬ 
age for a particular product, but it is 
often the responsibility of the quality 
control engineer to prove the adequacy 
of such protection. 


15.3 PACKAGING TESTS 

Packaging tests may be classified 
as follows: 

1. Tests on the material of containers, 
such as the Mullen or Cady Tests * 

2. Tests on the packaged product to 
measure adequacy of package to pro¬ 
tect product against handling or in¬ 
transit damage due to impact. Such testa 
would include the drop test, com¬ 
pression, vibration, and revolving drum 
tests, and the Conbur Test.f 

* Standard procedure for making these 
tests can be procured from the American 
Society for Testing Materials. 

t The Conbur Incline Testing Device is 
described in Bulletin do. 611 of the Freight 
Loading and Container Bureau of the 
Association of American Railroads, 59 East 
Van Buren Street, Chicago 5, Ill. The 
Freight Loadivg and Container Bureau 
also provides many pamphlets covering 
the packaging of a variety of articles of 
commerce. They also maintain a Con¬ 
tainer Research and Development Labora¬ 
tory in Chicago to aid industry in elimi- 


3. Actual trid shipping test with 
examination of product at destination. 

All three types of test have their 
purpose and should be used. Tests on 
the quality characteristics of packaging 
material should be run for quality con¬ 
trol purposes just as for any other pur¬ 
chased item. 

Carefully controlled tests, such as the 
second type, offer an advantage of com¬ 
paring different packages under severe, 
yet controlled, conditions. This compari¬ 
son overcomes a serious drawback to the 
third type, where it is difficult to assure 
the same handling for various trial ship¬ 
ments and difficult to assure that rep¬ 
resentative severity of handling was 
present during the respective trial 
shipments. 

Since it is not always possible to dup¬ 
licate actual conditions in laboratory 
tests, it is advisable to have the added 
protection of actual shipping tests. 
These tests should duplicate the mode 
of transportation and distances that will 
be encountered in getting the finished 
product to the customer. Special atten¬ 
tion should be given to scuffing of highly 
finished surfaces caused by rubbing 
(abrasion) of packaging materials on 
the product. 


16. SALVAGE 
16.1 SALVAGE ACTIVITY 

In thp broadest use of the term 

“salvage,” reference is made to the 
saving, reconditioning, and re-use of all 
materials found in the factory. It in¬ 
cludes, besides spoiled piece parts, such 
items as: cutting tools, oils, metal chips, 
and solvent. Although in some establish- 

natmg the causes for loss and damage due 
to faulty shipping practices. The American 
Management Association, 330 West 42nd 
St., New York 18, N. Y., has also published 
a Packaging Series of pamphlets which 
are helpful in analyzing and solving pack¬ 
aging problems. Series No. 32, “How Gen¬ 
eral Electric Tackles Its Packing and Ship¬ 
ping Problems,” and Series No, 34, “Pro¬ 
tecting the Package In Transit.” 
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ments this broad activity* is centered 
in a separate salvage department, quite 
often salvage of piece parts or products 
falls to the lot of the inspection depart¬ 
ment. 


16.2 SALVAGE CAGE OB CRIB 

It is important to have a separate 

area physically removed from pro¬ 
duction and assembly areas, in which 
non-conforming product can be stored 
until it can be reviewed by the salvage 
committee (see Fig. 14.4) for disposition 
and until final disposition can be put in 
effect. This precaution is extremely im¬ 
portant to avoid mixture with the good 
stream of production parts. It is prefer¬ 
able to have the area locked so that 
overzealous production expediters will 
not “rob" salvage far "badly needed 
parts.” 


16.3 SALVAGE COMMITTEE OR MATE¬ 
RIALS REVIEW 

The salvage committeet reviews 
rejected material and decides on 
disposition, i.e., accept on deviation, re¬ 
work, or scrap. It usually specifies how 
the work is to be accomplished when 
rework is applicable. 


16.4 SALVAGE RECORDS 

A record of salvage committee ac¬ 
tion should be made to serve as 
authority to deviate from specification. 
(The engineering section representa¬ 
tive’s decision is tantamount to a devia¬ 
tion.) 

Regular paper work in the form of 
scrap and rework tags (see Art. 8.1) 

* For a thorough treatment of the 
broad salvage program, see Salvage Man¬ 
ual for Induhtry, War Production Board 
(Washington, D. C.: Superintendent of 
Documents, Government Printing Office, 
September 2, 1943). 

tSee Fig. 14.4 for salvage committee 
personnel. 


should be attached to all work entering 
the salvage sectitm and should be com¬ 
pleted before leaving the section for 
final disposition. 


16.5 BASIS FOR DECISION 

Safety and quality reputation are 
of primary importance in all deci¬ 
sions. 

The basic considerations should be 
economic. In other words, rework costs 
should not exceed the value of the part 
—unless, of course, availability is a pri¬ 
mary consideration. In such a case, the 
cost of rework would be balanced 
against the cost of a shut-down. 

In cases of mixed parts or bad parts 
mixed with good, segregation of good 
from bad is permissible without formal 
salvage committee action. Final disposi¬ 
tion of bad parts sorted out should be 
made by the salvage committee. 


17. FIELD RESULTS 

17.1 FIELD RESULTS AS A MEASURE OF 
QUALITY PERFORMANCE 

Since customer satisfaction is an 
important goal of the quality con¬ 
trol program, it is highly desirable to 
obtain some measure of it and thereby 
to measure the effectiveness of the qual¬ 
ity control program. Customer com¬ 
plaints give a mea.sure of dissatisfaction, 
an inverse measure of satisfaction. 

Caution must be exercised in using the 
complaint rate as a quality index, 
since other factors are involved, such as 
market conditions, inventories, styles, 
and general attitude of the buying pub¬ 
lic. 


17.2 MEASURING THE COMPLAINT 
RATE 

Several different bases may be 
used, such as: 

1. Percentage of total tmits produced 
that resulted in complaints. Usually a 
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definite warranty J)eriod is ratabliahed 
on a product. The percentage should be 
calculated from the ratio of units on 
which in-warranty complaints were re¬ 
ceived to the number of units exposed or 
in use in the field on which the war¬ 
ranty is valid. The latter figure can be 
obtained from shipments—allowing suit¬ 
able time lag for the product to get into 
the hands of the customer. (This time 
lag has been found to average two to 
three months for small electricid appli¬ 
ances in an active market.) 

2. Ratio of in-warranty expense to 
manufacturing cost of units exposed in 
the field. Unfortunately, this index is 
affected by factors related to product 
service costs, such as increased labor 
rates for repairmen, improvement in 
service through establishment of more 
and better service repair shops, and in¬ 
creased handling costs due to changes in 
shipping rates. 

3. Service calls (large appliances, etc.) 
per thousand units sold and on which 
warranty is still valid. 

The chief value in these indices is in 
showing trends. However, due caution 
must be used in evaluating extraneous 
causes for trends as cited above. 


17.3 DETERMINATION OF CAUBHih FOB 
COMPLAINTS 

This is often a difficult task. In 
fact, it is often impossible to get 
a statement on the specific complaint of 
the customer for small appliances, mnce 
the dealer sends the customer’s item in 
with a notation "repair in-warranty.” 
This leaves the complaint a “guess” on 
the part of the repairman. Even after 
the complaint has been stated, there 
may be several possible causes, none of 
which is clearly defined. 

These problems are not as great for 
major appliances where the repairman 
goes to the hpme of the customer and 
often has the opportunity to interview 
the customer. 

The manager of quality control en¬ 
deavors to obtain causes for comfdaint 
from the repaixmm through the sales or 


[17.3 

service organisation. The qieeifie infor¬ 
mation may be a check list or report that 
the repairman makes on each article 
return^ for repair or replaoemMit. 
Since a specific defect might be de¬ 
scribed in several different ways, it is 
advisable to issue a glossary of terms so 
that all repairmm will standardize on 
the description of a defect or cause for 
complaint. The repairman’s report 
should also include date of manufacture 
(date code), date of sale, date of repair, 
serial number, if so numbered, operating 
ccmditions, and any other information 
that would help to trace the cause for 
the complaint. 

Sometime it is too expensive to proc¬ 
ess all reports from the field. In such 
cases, a sample may be taken or only 
certain districts may be requested to 
repiort. Gare should be taken in such 
cases to avoid a biased sample caiued by 
differences between districts, such as 
climate and cmiditions of use. 

Use of replacement parts also gives 
some information on causes for failure 
of the device in the field. 

Field or service engineers are a valu¬ 
able source of information. 

Ckimplete and sole reliance should not 
be placed on written reports or check 
lists from the field. An occasional visit 
to repair stations or service shops by 
quality control personnel can be of tre¬ 
mendous value. There is no substitute 
for a first-hand investigation and analy¬ 
sis of items returned because of com¬ 
plaints. In some instances, the quality 
control engineer should request that cer¬ 
tain examples of complaints be sent to 
him at the factory for his personal in¬ 
vestigation—the size of item pennitting. 


17.4 USE OF INFORMATION OBTAINED 
FROM THE FIELD 

The only real value of field data 
lies in the corrective eetum ft tn£et- 
ates. Buch action may be improved de¬ 
sign, unproved test and inspection meth¬ 
ods, better packaging, or even a better 
instructkm book. ’The manager of qual¬ 
ity oontrel has a resptmnUlity to sea 
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diat the proper people in the manufac¬ 
turing organization take needed correc¬ 
tive action. 


18. PBOCBSS CAPABILITIES 

18.1 MSANING OF PBOCESS CAPABILITY 

Every process has an inherent 

variability which can be evaluated 
by determining its standard deviation 
(</) on the basis of a series of individual 
measurements for the quality character¬ 
istic under consideration (see Section 13 
for method of determining </). A con¬ 
trolled process can be expected to pro¬ 
duce individual articles with measure¬ 
ments spread over a band 6i/ units wide. 
For example, if a milling operation had 
a y of 0.0008 inches, the total spread for 
the process would be 6 X*0.0008, or 0.0048 
inches. We would expect the thickest 
piece to be approximately 0.005 inches 
thicker than thinnest piece. If the 
process is going to be capable of meet¬ 
ing the specification toleiance, the speci¬ 
fied tolerance must be at least as great 
at zt 0.0025 inches (a total spread of 0.005 
inches), but for practical purposes 
should be ± 0.0035 inches (a total spread 
of 0.007 inches) to allow for variations in 
set-up and tool wear. A good rule is to 
have 6(r' of the process equal two-thirds 
of the total spread of the specified tol¬ 
erance. 

A process capability study is a deter¬ 
mination of the total spread of the 
process as determined by measuring the 
product produced under controlled con¬ 
ditions. The process capability is indd^ 
pendent of the specification but is deter¬ 
mined by the condition of the machine, 
operator skill, tooling, type of operation, 
and raw materials used. 


18.2 USE OF PBOCESS OAPABIUTY 

STUDIES 

The process capability or operat¬ 
ing accuracy of certain types of 
machines on certain types of jobs is 
being determined by many persons 
throughout industry. After sufficient 
data are collected, it will be possible to 
catalog the operating accuracy for cer¬ 
tain types of machines on certain jobs. 
The large job shop could use such cata¬ 
logued data in scheduling jobs for cer¬ 
tain machines depending on the specified 
tolerances. Such a table for Screw Ma¬ 
chine Capabilities is presented by Seder 
in Juran’s Quality Control Handbook, 
Table 2, p. 714. 

Machine operating accuracy studies 
have been us^ to assure proper main¬ 
tenance of machines. They have also 
been used as a baas for equipment re¬ 
placement programs. The expmue of a 
new, high-cost machine was saved for 
one company when it was shown that 
the old machine had operating accuracy 
to meet specification requirements. 


18.3 INSTRUCTIONS FOB PBOCBM 
CAPABILITY STUDY 

t 

The standard deviation for the 
process (a) may be determined 
(1) on the basis of a frequency distribu¬ 
tion of at least 50 individual measure¬ 
ments or (2) from a range chart (see 
Art. 10.3, Quality Control Charts for 
Process Control). 

Figures 14.15 and 14.16 show a form 
used in making process capability 
studies. Instructions on obtaining and 
analyzing data are given on the reverse 
side of the form (Fig. 14.16). 




Courtesy Qenerkl Electric Company. 


FIG. 14.15 MACHINE OPEBATION ACCURACY FORM 
(front side). 
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PIG. 14.16 MACHINE OPERATION ACCURACY FORM 

(reverse side). 


1011 









1012 


IMKaiON ANO OUMirV CONTROL 


MRUOORAM1V 


BIBLIOGRAPHY 

American War Standards Zl.l—1041 and 
Z12 —1941, Guide jor Quality CofUrol 
and Control Chart Method of Ana yzing 
Data (New York: American Stan^rds 
Association, 1941). 

American War Standard Zl.^1942, Con¬ 
trol Chart Method of ControUing Qual¬ 
ity During Production (New York: 
American Standards Association. 1942). 
(The authoritative, concise statement of 
American control<chart practices.) 

A^.TJd. Manual on Quality Control of 
Materials (Philadelphia: American So¬ 
ciety for Testing Materials, 1951). 

Bowker, A. H., and H. P. Goode, Sampling 
Inspection by Variables (New York: 
McGraw-Hill Book Company, Inc., 
1952). 

Brownlee, K. A., Industrial Experimenta¬ 
tion (Brooklyn: Chemical Publishing 
Company, Inc., 1947). 

Burr, I. W., Engineering Statistics and 
Quality Control (New York: McGraw- 
Hill Book Company, Inc., 1953). 

Butterbaugh, G. E., A Bibliography of Sta¬ 
tistical Quality Control (Seattle; Uni¬ 
versity of Washington Press, 1946). 

-, A Bibliography of Statistical Qual¬ 
ity Control—Supplement (Seattle: Uni¬ 
versity of Washington Press, 1951). 

Dodge, H. F., and H. G. Romig, Sampling 
Inspection Tables—Single and Double 
Sampling (New York; John Wiley 4 
Sons, Inc., 1944). (The complete Dodge- 
Romig tables, with an explanation of 
how they were derived and an illustra¬ 
tion of their use at Western Electric 
Company. Every inspection department 
in a mass-production industry should 
have a copy of this book.) 

Duncan, A. J., Quality Control and Indus¬ 
trial Statistics (Homewood, Illinois: 
Richard D. Irwin, Inc., 1952). 

Feigenbaum, A. V., Quality Control (New 
York: McGraw-Hill Book Company, 
Inc., 1951). 

Freeman, H. A., Industrial Statistics (New 
York: John Wiley & Sons, Inc., 1942). 

Grant, E. L., Statistical Quality Control, 
lhad ed. (New York; McGraw-Hill Book 
Company, Inc., 1952). 

Intematiomd Business Machines, Precision 
Measurement in the Metal Working In- 
dustry (Syracuse, New York: Syracuse 
University Press, 1952). 


Ireson, W. Grant, Sampling Tables for Inr 
spection by Variables (Stanford, (Califor¬ 
nia: Applied Mathematics and Statistics 
Laboratory, Stanford University, 1952). 

Juran, J. M., Management of Inspection 
and Quality Control (New York: Har¬ 
per and Brothers, 1945). 

-, Quality Control Handbook (New 

York: McGraw-Hill Book Company 
Inc., 1951). 

Kennedy, C. W., Inspection and Gaging 
(New York: The Industrial Press, 1951). 

Michelon, Leno C., Industrial Inspection 
Methods (New York: Harper and Broth¬ 
ers, 1942). 

MIL-STD-105A, Department of Defense, 
Sampling Procedures and Tables for In¬ 
spection by Attributes (Washington, 
D. C.: United States Government Print¬ 
ing Office, 1950). 

Mollard, Wesley, Essentials of Precision 
Inspection (!l^ew York: McGraw-Hill 
Book Company, Inc., 1944). 

Rutherford, J. G., Quality Control in In¬ 
dustry (New York: Pitman Publishing 
Corp., 1948). 

Schrock, E. M., Quality Control and Sta¬ 
tistical Methods (New York; Reinhold 
Publishing Corporation, 1950). 

Shewhart, W. A., Economic Control of 
Quality of Manufactured Product (New 
York: D. Van Nostrand Company, Inc., 
1931). (This is the classic in the field of 
statistical quality control. In it, the con¬ 
trol chart is described as “Criterion I” 
for detection of lack of control.) 

Simon, L. E., An Engineers’ Manual of 
Statistical Methods (New York: John 
Wiley & Sons, Inc., 1941). (This volume 
is helpful on applications of statistics to 
engineering problems in genera) as well 
as to acceptance problems. An insert 
containing Simon’s /« charts may also be 
purchased sefiarately from the publisher 
in enlarged form.) 

Statistical Research Group, Columbia Uni¬ 
versity, Sequential Analysis of Statistical 
Data: Applications (New York: Colum¬ 
bia University Press, 1945). 

Working, H., A Guide to VliMzation of the 
Binomial and Poisson Distributions tn 
Industrial Quality Control (Stanford, 
California: Stanford University Press, 
1944 ). 





A. W* SW3n ^as bom in Scotland and received hia 
education at George Watson's Bosns’ College, Edin¬ 
burgh, and in Canada, where he studied mechanical 
engineering and graduated with the degree of Bachelor 
of Applied Science from the University of Toronto. 
After working as a production engineer in Canada for 
a number of years, he returned to England where he 
continued for a time as a production engineer. 

He became interested in statistics and other matbe- 
matical techniques after he transferred to engineering 
market research. From 1939 to 1945 he was in charge 
of installing quality control programs in the Royal 
Ordnance Filling Factories and was on loan for the 
promotion of quality control methods to the Ministry 
of Production and Ministry of Education. From 1946 
to 1951 he was in charge of the newly created Statistical 
Section at the United Steel Companies, Ltd,, Sheffield, 
carrying out investigations of an operational research 
character. Since July 1951, he has been in charge of the 
Operational Research Department at Courtaulds Lim¬ 
ited, Coventry. 

Mr. Swan has contributed a substantial number of 
papers on industrial statistics and operations research, 
among which are “The Work and Organization of a 
Statistical Department in Heavy Industry,” Journal 
of the Iron and Steel Institute, September 1948, “Post¬ 
war Developments in Operational Research,” Proce~ 
dures of the First Seminar in Operations Research, Case 
Institute of Technology, 1961, and “Human Relations in 
Industrial Operational Research,” The Engineer, July 
25, 1952. He is a Fellow of the Royal Statistical Society 
and a member of the Council, Member American Sta¬ 
tistical Association, Member Institute of Mathematical 
Statistics, Fellow of the American Society for Quality 
Control, Member of the Operational Research Society, 
and Associate Member of the Institution of Mechanical 


Engineere. 



SECTION 



industrial 

Operations Research 


A. W. Swan 


1. General concepts and pbinciples or operations research. 1.1 Definition. 1.2 
Use of case histories. 1.3 Policy matters in O.R. 1.4 Note on the case histories. 

2. Application of operations research to the economic control of a book- 
manufacturing PLANT,•Sebastian B. Littauer. 

3. Operational research in a chemical pilot plant, Charles A. Bicking. 

4. Application of operations research to materials handling in a heavy 
machine shop, J. Murdoch. 

5. Operational research at London transport, F. A. A. Menzler. 

6. An application of operations research in ceramics manufacturing, O. W. 
Hamilton. 

7. The application of sampling to LCL interline settlements or accounts on 

AMERICAN RAILWAYS, C. WeST CHURCHMAN. 

8 . Obtaining maximum efficiency from a Barber-Colman Spooler, Allen 
Ormerod and Walter S. Sondhelm. 

9. An original system of production control in a steelworks, Stafford Beer. 


EdITOBS’ FoREWOltD TO SECTION 15 


The phrase “operations research” is a 
relatively new one, even though many of 
the teclmiques used by operations re¬ 
searchers are not new. The first opera¬ 
tions research teams were groups of 
persons of special competence assigned 
to study various aspects of military 
operations during World War II. The 
successes of these teams in dealing with 
military problems led to the use of oper¬ 
ations research teams in various civilian 
activities, in the manufacturing indus¬ 
tries and elsewhere. 

As might be expected in such a new 
field, there are many different viewpoints 
regarding the exact coverage of the field. 
In fact, in reviewing this matter in order 
to plan an onerations research section for 


this handbook, it seemed to us that there 
were almost as many different definitions 
of operations research as there \^ere 
operations researchers. The differences of 
viewpoint were particularly evident be¬ 
tween persons who had worked chiefly in 
military operations research and persons 
who had worked chiefly in industrial 
operations research. 

In solving a number of the military 
problems, actual situations had been 
represented by idealized mathematical 
models and advanced mathematical tech¬ 
niques had been used to obtain an opti¬ 
mum solution. There seemed to us to be 
a tendency on the part of some military 
operations researchers to insist that the 
mathematical model was the essential 
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dement in operations research. We be¬ 
lieve this viewpoint is unduly narrow, 
when considered in relation to the possi¬ 
ble contributions of operations research 
techniques to industry. 

The following section is oriented en¬ 
tirely toward industry; no attempt has 
been made to describe military applica¬ 
tions or to discuss analytical techniques 
that have been useful chiefly in dealing 
with military problems. The author of 
the section, Mr. A. W. Swan, is an inter¬ 
national authority on industrial opera¬ 
tions research who has headed operations 
research groups in two large companies 
in different industries. The section in¬ 
cludes brief descriptions of eight actual 
cases, each prepared by someone who 
took part in the particular case. Four of 
these cases deal with British applications 
and four with applications in the United 
States. 

The cases cover a variety of situations, 
all fairly closely related to the subject 
matter of some of the other sections of 
this industrial engineering handbook. 
These examples are all fairly simple from 
the mathematical point of view. This 
mathematical simplicity is appropriate 
from the viewpoint of the over-all objec¬ 
tives of this handbook. Other examples 
using more complicated mathematics 
may occur in practice, in industry as well 
as in military situations. 

W. G. Ireson 

E. L. Grant 


1 . GENERAL CONCEPTS AND 
PRINCIPLES OF OPERATIONS 
RESEARCH 

1.1 DEFINITION 

A brief and accurate definition 
of Operations or Operational Re¬ 
search, hereafter called O.R., is, “the 
application o^ scientific methods to in¬ 
dustrial problems, leading to recommen¬ 
dations that in turn lead to action.” O.R. 
has much in common with what used to 
be called “scientific management” as de¬ 
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veloped primarily by Taylo^, Gantt, and 
Gilbreth. It uses, among other tech¬ 
niques, the various techniques developed 
by scientific management. There are, 
however, a number of new and addi¬ 
tional features, the most important of 
which are the method of organization 
and the application to business and 
works problems of mathematical, statis¬ 
tical, and other scientific methods which 
have proved beyond question that they 
produce practical and useful answers. 
Applications now extend to every sort 
of managerial activity. 

Historically, the term was first used in 
World War II, when it was applied to 
the activities of teams of scientists used 
by the armed forces of Great Britain 
and the United States to solve—and to 
solve quickly—very difficult strategical 
and tactical problems. Noteworthy suc¬ 
cesses included finding a method that 
w'ould render the*'magnetic mine harm¬ 
less, increasing the efficiency of anti-sub¬ 
marine aerial warfare, and many oth¬ 
ers that have been described in the 
scientific journals and elsewhere 

One of the special features of wartime 
O.R. was the successful emplosment of 
scientists from fields that would not 
have seemed very likely to provide suit¬ 
able men, such as biology. These men 
achieved outstanding success. Post-war 
O.R. as applied in industry has contin¬ 
ued to teach the same lesson—that it 
is not necessary to have been in an in¬ 
dustry all one’s life to solve the problems 
that beset its management. There is, 
however, another lesson taught by war¬ 
time O.R. that is just as important— 
namely, that the specialist scientists 
coming from other fields achieved their 
successes by working in teams with the 
sailors, solffiers, and airmen. As a result, 
every available type of information was 
pooled and used jointly. The third prin¬ 
cipal lesson from wartime O.R. was 
that the team must have free and con¬ 
tinuous access to the top level of man¬ 
agement so that the team members may 
really know what management wants 
and so that they may follow up any 
recommendations and secure action at 
the highest level. 



1017 


INOUSTRlAi OratATIONS RWAICH 


la] 

1.2 USB OF CASB RISTOB1B8 

In order to show how O.R. works 
in industry today, a number of 
case histories have been assembled on 
the following pages. Although they come 
from both sides of the Atlantic and 
from several different industries, and 
although the methods employed vary 
from one case history to the next, they 
do have certain features in common. 
These features are: 

1. Use of a scientific O.R. worker. 

2. Use of a team that includes a scien¬ 
tific specialist and works or office repre¬ 
sentatives. 

3. Scientific, unbiased analysis of the 
problem. The effort to get away from 
preconceived notions is noticeable in 
several of the case histories. 

4. Use of a variety of practical and 
theoretical methods in striving the prob¬ 
lems. Ingenious mathematical methods 
are used to produce highly useful results 
in several cases. In the case history deal¬ 
ing with production control in a steel 
works, there is an interesting new form 
of nomograph which, although it is 
based on a complicated theory, can be 
used quickly and without difficulty by 
a clerk who has no knowledge what¬ 
ever of the principles on which it has 
been designed. Time and motion studies 
have been made in other case histories, 
coupled with mathematical devices 
which make the information more useful 
than it would otherwise have been. 

6. The provision of recommendations 
for action by management, following on 
the r^ults of investigations. 

6. The following up of the recom¬ 
mendations, leading to action. 

In planning a manufacturing pro¬ 
gram, management sets out the various 
methods available, and in each depart¬ 
ment it uses the simplest and cheapest 
method. For example, a factory may 
produce a few fairiy simple castings, and 
a very large numW of small machine 
parts may be made to very fine toler¬ 
ance limits. In this ease, it would be 
necessary to have only a partly mecha¬ 
nized foundry, but in the macffine shop 
one would find highly elaborate and 


costly equipment, such as 6-spindle au¬ 
tomatic lathes. Although the scientific 
attitude is always essential, some situa¬ 
tions faced by management can be 
solved by straightforward analysis and 
the use of well-known techniques, 
whereas in other more complicated cases 
much more elaborate and difficult tech¬ 
niques should be used. The writer once 
had to deal with a problem in steel man¬ 
ufacture that involved 80 factors, for 
which the methods of solution were diffi¬ 
cult and laborious. The problem was 
successfully attacked, however, and the 
resulting answer led to the saving of a 
large sum of money. It is the duty of 
management not to be frightened or 
skeptical of even the most advanced 
techniques, which may involve mathe¬ 
matics of a very complex type. Manage¬ 
ment must therefore liave available, 
either as permanent staff or on a con¬ 
sulting basis, people who are aware of 
and can apply current techniques in 
O.R. 


1.3 POLICY MATTERS IN O.R. 

Even after management has 

granted that O.R. has something 
new ana valuable to offer, it still has 
many questions to ask. Assuming the 
questions, here are some suggested an¬ 
swers: 

1.3.1 Internal or external (consultant) 
organization. If there are qualified O.R. 
consultants available, they can be used 
satisfactorily; two out of the eight case 
histories that are given below were car¬ 
ried through by consultants. The writ¬ 
er’s own preference, however, is for the 
internal organization, simply because, 
although the consultant may do an en¬ 
tirely satisfactory single job, the valu¬ 
able knowledge he has acquired will no 
longer be available for further use once 
contact has been broken. An O.R 
department within a firm, even a one- 
member department, is an internal 
consultancy of continuously growing 
knowledge. One member of the writer's 
department is stationed at a factory 
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some 150 miles from his headquarters. 
His services have become more and 
more appreciated by the local execu¬ 
tives, and any attempt to move him 
to the head office would be strongly 
resisted. 

1.3.2 Size of an internal O.R. depart¬ 
ment. The internal O.R. department 
should be small, at least at first. The 
departments concerned in the case his¬ 
tories vary from one up to about eight 
persons, including computers and cleri¬ 
cal staff. 

1.3.3 To whom the O.R. department 
should report. The O.R. department 
should report directly to the veiy* high¬ 
est level of management (usually, in the 
case of a factory, to the production 
chief.) It is not satisfactory for the O.R. 
department to report to a sub-head or 
to a personal assistant. In seven of the 
eight case histories that follow, responsi¬ 
bility is to the president or managing 
director, and in the eighth to the re¬ 
search and development committee. 

1.3.4 Terms of reference. There is no 
real limit to the possible terms of refer¬ 
ence, since O.R. methods are now being 
applied to every type of business situa¬ 
tion. The actual terms of reference will 
depend on: 

1. The type of job envisaged when 
the O.R. analyst is taken on, or when an 
O.R. department is set up. 

2. The specialist qualifications of the 
O.R. workers. 

3. The existing departmental struc¬ 
ture. 

In regard to (2), the O.R. man who is 
an engineer will tend to think of plant 
layout, traffic problems, and so forth, in 
terms of time and motion study; the 
mathematician may be more interested 
in applying statistical techniques to 
costs, labor turnover, and the like. 

The existing structure is very impor¬ 
tant. If, for instance, there is no time 
study department, the O.R, people 
themselves tcan tackle any problem that 
.involves time study; if there is a time- 
study department and a problem arises 
that calls for this method of treatment, 
the department’s co-operation will be 
sought and used in the formation of a 
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team. The writer once had an excellent 
experience with the latter method. The 
time-study department in an organiza¬ 
tion was interested in that common 
problem in the textile industry, machine 
interference. Briefly, the problem was 
this: When one operator is tending a 
group of machines, how can the pauses 
in machine operation be made to coin¬ 
cide with operator availability? In this 
case, the O.R. and time-study depart¬ 
ments worked together. The O.R. de¬ 
partment suggested "snap-reading” time 
studies, which were carried out by the 
time-study men. The results were then 
handed over to be analyzed by the O.R. 
department. 

1.3.5 Qualifications of the O.R. 
worker. The O.R. analyst must be 
trained in some technical field. He may 
be, as the case histories show, an engi¬ 
neer, physicist,*mathematician, account¬ 
ant, or a specialist in some other area. 
He must be trained in scientific think¬ 
ing, and he must have sufficient mathe¬ 
matical knowledge to be able to learn 
current statistical and other advanced 
mathematical methods. He need not be 
a specialist in the industry in which he 
works, but he must be able to acquire 
sufficient knowledge of that industry to 
be able to condyct intelligent discussions 
with its own specialists. If there is to be 
more than one person in the O.R. de¬ 
partment, there should be at least one 
trained mathematician, since the tend¬ 
ency in O.R. is more and more toward 
the use of mathematical methods. There 
should also be one or more technicians 
who are skilled in the particular indus¬ 
try in which the O.R. department works. 
In a steel company, for instance, there 
might be a mathematician and one or 
more metallurgists. The O.R. worker 
must be able to get on with his col¬ 
leagues in the organization in which he 
works. Since he is a newcomer who is 
using rather frightening techniques, he 
has to convince everyone that he is there 
to help, not to cause trouble, that his 
techniques are perhaps not so di£|cult 
after all, and that they do bring useful 
results. The case histories give some ex* 
cellent examples of this attitude. 
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1.3.6 Origin of jobs. Until manage¬ 
ment realizes what O.R. can do, most of 
the jobs will arise as a result of the O.R. 
worker’s questioning of management to 
discover what problems eMst and which 
ones he can tackle. 

Although the O.R. department will 
have ideas on suitable jobs, they must be 
discussed with management in a way 
that leads management to request the 
department to tackle certain jobs. The 
O.R. worker must at all times avoid giv¬ 
ing the impression that he is teaching 
people who have been in an industry a 
long time. 

TThe writer has found that the best 
and most fruitful requests have come in 
the course of general exploratory con¬ 
versations with production and other 
executives. Actual examples are: “Will 
you have a look at our rolling mill ca¬ 
pacity?’’ “Can you help us on the rail 
bank bottleneck?’’ “WilT you try to sim¬ 
plify our material control methods?” 

1.3.7 Assessing the job. The first task 
is to assess the situation. This may or 
may not be a simple matter, but the cor¬ 
rectness of the assessment is absolutely 
vital. In the case of the rail bank bottle¬ 
neck, for instance, there were several 
possible causes: slow delivery from rail 
straightening, inefficient crane usage, 
slow inspection, and so forth. It was 
desirable to examine all these possible 
factors. However, the overruling factor 
was the irregular supply of freight cars 
to take away the rails, and until this 
trouble was rectified it would be of little 
avail to study the other factors. Repre¬ 
sentations were made in the proper 
quarters; freight-car supply was mad^ 
adequate; the bottleneck disappeared, 
and the stock of rails began to drop. It 
now became possible to make a study of 
all the other factors. A time and motion 
study was made of the crane usage that 
led to improvements in that quarter. 

In the case of simplification of mate¬ 
rial control, the collection of a huge dos¬ 
sier of existing forms yielded very little 
in the way of deductions, but a week of 
discussions with individual heads and 
sub-heads of the departments concerned 
showed four or five key troubles. It was 


then possible to plan an unproved 
scheme and to put it into use. 

The importance of not aUowing pre¬ 
conceived and long-established ideas to 
bulk too large in the analysis cannot be 
overemphasized. The reluctance of mem¬ 
bers of an industry to abandon tradi¬ 
tional attitudes has emerged strongly in 
more than one case history. In one steel¬ 
works investigation, for instance, the 
results ran quite contrary to the estab¬ 
lished technical views of the open-hearth 
manager. When, however, a second in¬ 
vestigation of the same situation gave 
the same results, he was compelled to 
abandon his long-established views and 
to agree with the new findings. 

1.3.8 Planning. O.R. work always calls 
for hard original thinking, and often for 
tedious drawing of graphs and laborious 
calculations. Consequently, it is sensible 
to plan for maximum efficiency in all 
these activities. 

In the first place, mechanical effort 
must be reduced to a minimum. An es¬ 
sential piece of equipment is a calculat¬ 
ing machine (not merely an adding ma¬ 
chine). This may be manual, such as 
the Brunsviga or Facit, but preferably 
should be electric, such as the Facit, 
Friden, Madas, Marchant, or Monroe. 
Since calculations are certain to involve 
much squaring and summing of squares, 
the present-day calculating machine re¬ 
duces the risk of error, mental fatigue, 
and wasted time. 

If the O.R. department consists of 
more than two people, the third member 
should be a computer. O.R. computing 
work is interesting and can be made 
more interesting by including her (pref¬ 
erably her) in the general discussions so 
that she is aware of the reasons for the 
calculations and the way in which they 
are to be used. In time the computer 
may become so well qualified that she 
can perform as a fully qualified O.R. 
worker, depending to some extent on 
the industry in which the department 
works. Discussions in the* shop, which 
are the lifeblood of O.R., are often car¬ 
ried on with rough-and-ready managers 
and foremen who pride themselves on 
their direct speech. The writer once had 
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to tdl a young lady computer, who had 
become very wf31 qualified in theory, 
that he would have to find her a job in 
some other less chivalrous industry. A 
trial discussion with a melting-shop 
manager and development engineer, at 
which she had been present, had been 
too polite to be of much usefulness. 
Equsdity of the sexes had apparently 
not reached that steel works. 

Most O.R. jobs tend to fall into cer¬ 
tain well-defined phases: planning, in¬ 
vestigating, calculation, and deduction. 
Of these, calculation may well take the 
longest time. The employment of one or 
more computers therefore makes for 
over-all efficiency, since the investigator 
can hand over his data as soon as they 
are available and then be free to take 
on another job. It is sound practice for 
each investigator in an O.R. department 
to have two or three jobs running at 
one time, so that the investigation of one 
can proceed simultaneously with the cal¬ 
culation of another. This system makes 
it possible for the investigator and the 
computer to maintain their mental 
fres^ess and alertness. For the same 
reason, it is important for the O.R. staff 
to keep regular office hours, and for 
overtime spent in special reading to be 
kept to sensible proportions. 

1.3.9 Organizing the job —Ths team. 
A very successful method for O.R. is the 
use of the team. Once a job has been 
definitely accepted, it is analyzed and 
assessed as described previously. Dur¬ 
ing this process, the size, form, and 
membership of the team will emerge. 
The team will include one or more O.R. 
workers, together with technical repre¬ 
sentatives from the departments whose 
work comes into the picture. An infor¬ 
mal working party of about five mem¬ 
bers is probably the most successful 
arrangement. 

The team method pro\ed outstand¬ 
ingly successful in the material control 
simplification mentioned above. The 
team consist^ of representatives from 
planning, material control, purchasing, 
and accounts, together with the O.R. 
worker. The general idea was, “We are 
going to produce a joint scheme that will 


make life more pleasant for all of us.” 
Although the improved methods took 
a good deal of hammering out and 
many mutual concessions amcmg the dif¬ 
ferent departments represented, a sim¬ 
ple, smoothly working scheme finally 
emerged. This scheme was submitted to 
the chief engineer, who accepted it and 
put it into use with satisfactory results. 

The great virtue of the team method 
is that all the members of the team have 
a stake in the success of the project. Pre¬ 
liminary suspicions soon disappear; 
technical and other information is 
pooled, and each member uses his imagi¬ 
nation in working toward the common 
goal. A secondary but important ad¬ 
vantage is the flexibility of the method. 
In any organization, the small O.R. de¬ 
partment cannot hope to have sufficient 
specialized technical knowledge to cover 
every section. I^or will it have the nec¬ 
essary “political knowledge”—that is, 
whom to tackle for information and ac¬ 
tion. But it can always find people who 
do know and who can be co-opted as 
needed. 

If the team does not include the top 
executives from the different depart¬ 
ments, it is essential that these executives 
be kept fully aware of progress either 
through informal interim reports or by 
personal discussion. 

Experiment or plant data. One of the 
most important techniques developed 
during the past few years has been the 
statistically planned experiment. Origi¬ 
nally used in biological and agricultural 
work, this technique has become a pow¬ 
erful industrial tool. The planned experi¬ 
ment tackles a multiple-factor situation 
as a whole, even when there is a large 
number of factors. This approach has 
several advantages over the older 
method, in which factors are examined 
one at a time. In the first place, to 
eliminate all factors but one may be pos¬ 
sible only imder laboratory conditions, 
with a consequent loss of reality. Fur¬ 
thermore, the older method is slow. By 
dealing with all the factors at once, how¬ 
ever, it is possible to assess the strength 
not only of each main effect, but of what 
are called “interactions.” In examining 
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heat dietributioii in a billet reheating 
fumaeCi for example, it was foimd that 
not only did the temperature vary from 
one end to the other, as had b^n ex¬ 
pected (main effects), but from one side 
to the other at the “entry” end, and in 
a different way from one side to the 
other at the “exit” end (interactions). 

The O.R. worker uses the planned ex¬ 
periment wherever possible. Frequently, 
however, practical reasons, such as inter¬ 
ference with production schedule, make 
it impossible to use the planned experi¬ 
ment in industry. In such circumstances, 
the O.R. worker must use routine office 
or plant information, but the reliability 
and form of such information are so 
important that he must exercise special 
care. It is worth while for the O.R. 
worker, if he is not already so ac¬ 
quainted, to become familiar with the 
design of simple record forms, and with 
present-day methods of mechanization, 
including the various naanual and ma¬ 
chine punched-card methods, and the 
design of nomographs and special slide- 
rules. 

The general point of view on routine 
production data can be illustrated by an 
actual example. An inquiry was to be 
made to discover the main causes of 
defects arising in the manufacture of 
steel rails, so that remedial measures 
could be taken. The O.R. worker con¬ 
vinced himself by direct inquiry that the 
recording of information was being car¬ 
ried out honestly and carefully, but that 
(1) There were certain types of infor¬ 
mation apparently found useful in other 
steelworks that were not being recorded 
in this instance. (2) Identity appeared 
to be kept through the ingot stage by 
the careful watching of trained observ¬ 
ers, but the hot stamping of identifica¬ 
tion numbers on finished rails was not 
100 per cent reliable. (The number c>f 
the ingot in the cast and whether the 
rail came from the top, middle, or bot¬ 
tom of the ingot were important pieces 
of information, and keeping track of 
identity throughout a series of processes 
was important.) And (3) the informa¬ 
tion was being kept on a variety of 
forms, with no single cast history sheet. 
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These points were put to the manage¬ 
ment. As a result, (1) it was arrant 
that records be kept of the missing 
pieces of information until they were 
proved useful or useless; (2) hot stamp¬ 
ing was reorganized; (3) the O.R. 
worker was asked to design a case his¬ 
tory sheet, which he did, working jointly 
with the steel control department. 

Fortunately, dishonesty in recording 
is not common, and there are simple sta¬ 
tistical devices for checking when it does 
occur. Laziness, especially on night 
shifts, is not unknown, and must be 
guarded against. A row of absolutely 
constant readings is always suspect. 

1.3.10 Method. The methods avail¬ 
able for O.R. work are so diverse that 
it is impossible here to do more than 
refer the reader to the bibliography that 
appears at the end of this section. There 
is also a list of societies in Great Britain, 
Canada, and the United States that are 
interested in O.R. or in one of its related 
activities. 

1.3.11 Recommendations and results. 

It has been said that the function of an 
O.R. department is to make its inquiry 
and to report the results. Ideally, how¬ 
ever, the O.R. department must not stop 
once it has reported the results; it must 
make recommendations that vrill lead to 
actidh. The form of the recommenda¬ 
tions varies according to the type of 
result. On one occasion, for instance, the 
net result of a laborious inquiry was a 
recommendation to the management not 
to buy a new overhead crane. In another 
case, the recommendation was that if 
special attention were paid to three of 
the eighty factors that had been found 
to be important, the percentage of the 
particular defect complained of would 
be halved. When management acted 
accordingly, the promised result was 
obtained. 

1.3.12 Reports. Throughout a long 
investigation, verbal contact must be 
maintained with higher authority. But 
the eventual findings m^t be presented 
in a report; the form of report is more 
important than is sometimes realized. 

Good practiccf is to direct each report 
primarily to the particular person who 
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is most interested—Mr. X, the director, 
works manager, chief chemist, and so 
on—bearing in mind his personality and 
background, and secondarily to the tech¬ 
nical heads of departments who will im¬ 
plement its findings. Since Mr. X wants 
the results and the proposed actions, 
there should be a summary at the begin¬ 
ning of the report: Object; Results; 
Recommendations. Although this sum¬ 
mary may be sufficient for Mr. X, it is 
also necessary to give full technical de¬ 
tails to the mill managers, engineers, 
chemists, and so forth, who will apply 
the recommendations. Tables’ of data 
and discussions of the techniques (all 
of which incidentally are valuable refer¬ 
ence material for further work) should 
be given as Appendices. 

1.3.13 Follow-up. Like the members 
of any other department in an industrial 
organization, O.R. workers have to 
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prove their worth. It is quite essential 
that they follow up on their recommen¬ 
dations to see what happens and to as¬ 
sess the results. It is interesting to ana¬ 
lyze some of the following case histories 
from this point of view. The steelworks 
control plan, for example, is still under 
trial, but has produced promising initial 
results. The textile machine study actu¬ 
ally produced the calculated economies. 
The plant traffic investigation led to 
the economies expected and prevented 
a heavy capital expenditure that had 
been proposed. The investigation of 
losses in the manufacture of a ceramic 
product led to simple changes in pro¬ 
cedure that cut the losses to almost zero. 

1.4 NOTE ON THE CASE HISTORIES 

The case histories that follow 

come from (different industries in 


O.R. CASE HISTORIES 

Contributor Title 

Sebastian Littauer The Economic Control of 

Executive Officer, Department a Book-Manufacturing 
of Industrial Engineering Plant 

Columbia University, New York 

Charles A. Bicking O.R. in a Chemical Pilot 


Office of the Chief of Ordnance 
Washington, D. C. 

John Murdoch 
English Electric Co. Ltd. 
Rugby, England 

F. A. A. Menzler, C.B.E. 
London Transport Executive 

O. W. Hamilton 
The United States Time 
Corporation 

Waterbury, Connecticut 

Professor C. West Churchman 
Case Institute of Technology 
Cleveland, Ohio 


W. 8. Sondheim 
Ashton Bros. Ltck, Hyde 
Cheshire, England 

Stafford Beer 

S. Fox & Co. Ltd., Stocksliridge 
Nr. Sheffield, England 


Plant 

Materials Handling in a 
Heavy Machine Shop 


O.R. at London Trans¬ 
port 

Improving the Technical 
and Cost Po.sition of a 
Ceramics Manufacturer 

The Application of Sam¬ 
pling to L.C.L. Inter¬ 
line Settlements of Ac¬ 
counts on American 
Railroads 

Obtaining Maximum Effi¬ 
ciency from a Barber- 
Colman Automatic 
Knotter 

An Original System of 
Control in a Steelworks 


Main Techniques Used 
Quality Control Charts, 
Information from 
Works Data. 


Relationship Analysis, In¬ 
formation from Works 
Data. 

Data from Special Time- 
Study, Analysis Based 
on Theory of Conges¬ 
tion. 

Planned Experiment and 
Associated Techniques. 

Planned Experiment and 
Associated Techniques. 


Statistical Sampling. 


Maximization of Operat¬ 
ing Equation. 


Indices of Productivity, 
Nomograph, Planning 
Board. 
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America and Great Britain. The ac¬ 
counts conform in general but not rig¬ 
idly to the basic plan given below. The 
variations are so interesting, reflecting 
the differing personalities and circum¬ 
stances, that editing has been kept to a 
minimum. The contributors and the 
writer are indebted for niseful sugges¬ 
tions to Miss D. B. J. Edgley, Cour- 
taulds Limited. 

Basic Plan for Case Histories of O.R. 
Job. 

1. Type of person in charge. 

2. Origin of job. 

3. Analyses. 

4. Results. 

5. Recommendations. 

6. Follow up. 


2 . APPLICATION OF OPERATIONS 
RESEARCH TO THE ECOWOMIC CONTROL 
OF A BOOK-MANUFACTURING PLANT, 
SEBASTIAN B. LITTAUER 

2.1 PERSON IN CHARGE OF O.R. WORK 

Trained as a mathematician and 

engineer, with the degrees of A.M. 
in Mathematics, Columbia University, 
Ch.E. from Rensselaer Polytechnic In¬ 
stitute, and Sc.D. in Mathematics from 
Massachusetts Institute of Technology. 
Has special interest in electronic con¬ 
trol instruments and the application of 
statistical quality control and the experi¬ 
mental approach to the economic con¬ 
trol of industrial operations. As a Pro¬ 
fessor in the Department of Industrial 
Engineering, Columbia University, is 
concerned with the teaching of Statisti¬ 
cal Quality Control and Operations Re¬ 
search. Is also a consultant to industry 
in the same activities. 


2.2 PRELIMINARY INFORMATION 

This organization is engaged in 
complete book manufacture. It 
operates two shifts regularly and a third 
shift to a lesser degree, with a total em¬ 
ployment of approximately 700. There 
is no research department in the cor¬ 


poration, although in many of its opera¬ 
tions there is experimentation with new 
methods. 

The president of the corporation is 
the jirincipal stockholder and chairman 
of the board of directors. He is, in 
effect, the active head and top policy¬ 
maker of the corporation. In the pres¬ 
ent case, the president felt that because 
of economic conditions and because of 
relations with certain publishers, an ex¬ 
amination of the economic control of the 
corporation’s manufacturing operations 
was in order. In particular, his interest 
had been aroused by some popular arti¬ 
cles on statistical quality control. He 
wanted to know whether the control of 
quality was one of the significant keys to 
cost reduction. 

The writer was called in to discuss the 
matter. After two conferences with the 
pre.sident and three other representa¬ 
tives of top management, it was agreed 
that an investigation should be made for 
the purpose of evaluating the effective¬ 
ness of present manufacturing controls 
and of recommending measures for opti¬ 
mizing economic control of the manufac¬ 
turing operations. 


2.3 ANALYSIS OF THE PROBLEM 

Essentially, the problem resolved 
itself into the following items: 

1. To specify the distinct classifica¬ 
tions of activity of which book-making 
is composed in such a way that each 
lends itself to a set of operationally cor¬ 
rective controls. 

2. To determine a ranking among 
these classifications in the sense of their 
economic importance to the continuing 
net corporation profit. 

3. To establish systems of controls, 
beginning with the most important cat 
egory. 


2.4 GROUNDWORK 

After discussion, it was agreed 
that the consultant should work 
with a team drawn from within the 
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organization. team consisted of the 
plant superin indent’s assistant (full 
time) and the plant superintendent, the 
printing room superintendent, and the 
bindery superintendent (co-operating 
associates). Since the consultant was not 
available full time, a working schedule 
was arranged for the equivalent of two 
days per week. The active investigation 
took seven weeks, and the final report 
was completed during the three weeks 
following. 

First, discussion was concerned with 
classification of activity. The major clas¬ 
sifications were (1) manufacturing, (2) 
sales, (3) executive, (4) accounting, (5) 
administrative, and (6) distribution. On 
further consideration, “manufacturing” 
was subdivided into three organization 
groups: (a) composing, (b) printing, 
and (c) binding. 

Interviews were held with all de¬ 
partmental chiefs in order to rank the 
categories in importance. At the same 
time, members of the working group 
made complete technical flow charts of 
the whole business processing of a sale, 
and of the whole manufacturing process. 
Both the interviews and the flow charts 
were completed in two weeks. 

“Quality” was a term that occurred 
in all discussions and from the following 
points of view: • 

Effect on goodwill of publishers. 

Effect on losses in printing. 

Effect on time of make-ready and 
hence printing cost. 

Effect on amount of inspection. 

Control of quality, in fact, seemed to 
be the focus of the investigation. 

2.4.1 Composition. One of the key 
phases of book making is composition. 
The problems of composition were con¬ 
sidered, but, unfortunately and, in the 
opinion of the writer, mistakenly, they 
were not given the attention they de¬ 
served. It was felt that since the tech¬ 
niques of composition were going through 
many technical changes they would not 
be suitable for operational analysis. The 
writer acceded to the views of the group, 
but he believes that useful contribu¬ 
tions to the economy of book making 
could have been made by a study of 


the composing techniques that were 
then in a state of development. 

2.4.2 Printing. In printing, the first 
problem was to determine an opera¬ 
tional meaning of quality and to estab¬ 
lish quality standards. Examination of 
work procedures and rates of perform¬ 
ance of various productive operations 
was undertaken in detail. It was decided 
to study the history of two presses long 
enough to determine the state of con¬ 
trol of those printing operations and 
the various significant factors which 
contributed to the quality and costs 
of the final printed page. A log of 
information, beginning with “make- 
ready” and ending with the printed 
sheet, was maintained on two different 
presses for 11 working days on two 
shifts. 

One of the principal problems to 
be resolved hinj^d around the following 
factors: the effects on producing quality 
of (1) management, (2) worker, (3) 
raw materials, and (4) equipment. 

2.4.3 Binding. The bindery operation 
was classified into ten basic stages, 
which were examined and reviewed. 
Here the degree of mechanization was 
such that further useful study, within 
the scope of the investigation, could 
come only from analysis of the final 
inspection of the finished bound book. 
Using available information on past 100 
per cent inspections, sampling studies 
were run: 

1. To estimate the quality level of 
binding and printing so far as inspection 
at this stage could evaluate printing. 

2. To determine the state of control 
of the completed binding operation. 

3. To compare the relative effective¬ 
ness of first and second shifts. 

4. To determine whether samp ling 
inspection could safely replace 1(X) per 
cent final inspection currently in use. 

5. To determine how much money 
could be saved if sampling inspection 
proved effective. 

2.4.4 Packaging and distribution. 

Technical modifications of methods 
which might yield greater efficiency in 
the packaging and distnbution phases 
of tl^ plant were considered. Baw ma- 
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terials and their storage were also 
probed, with the conclusion that raw 
materials could best be handled by the 
vendors, who were giving the plant ex¬ 
cellent service. Further inquiry wotild 
be outside the limits of the investigation. 
Storage and the flow of materials from 
the source were studied and general 
recommendations were made. 


2.5 COLLECTION OF DATA 

A great deal of work was neces¬ 
sary to prepare both the condi¬ 
tions of operation and the factory staff 
for the collection of data. Foremen had 
to be convinced that this work was both 
necessary and to their advantage. It was 
quite a task to convince the workers 
that the whole investigation was not 
just some means to effect a “speed up” 
and to undercut their jobs. It was also 
quite a task to arrange conditions so 
that sampling could be undertaken ifa 
the bindery without upsetting the pro¬ 
duction schedule, and it was a harrow¬ 
ing task to dig up past information. 
However, satisfactory preparations were 
made and, with a few exceptions, infor¬ 
mation was collected in a smooth and 
systematic manner, under close super¬ 
vision. 


2.6 ANALYSIS 

Complete analysis will not be 

given here, but an indication of 
the types of analysis is given below. 

2.6.1 Printing. The data on the make- 
ready time and operation of the presses 
indicated a much higher proportion of 
down time for the presses and a greater 
time of actual repair than had been on 
the record. What these data suggested, 
however, was of far greater importance, 
namely , that the time spent on make- 
ready seemed to depend on the judg¬ 
ment of the pressmen. Apparently, two 
different pressmen might differ as much 
as 25 per cent in the time used to make- 
ready. Furthermore, this difference in 
opinion was carried to such an extreme 


that if a make-ready were begun but not 
completed by one pressman, the press¬ 
man on the next shift would tear down 
his predecessor’s work and begin the 
make-ready anew. What was needed 
here was a standard of quality of print 
and color, together with a definite sys¬ 
tematic procedure of make-ready. With 
this procedure in operation, it should be 
possible to save on make-ready time. 

Other factors contributing to the non¬ 
uniformities in make-ready and wasted 
time in successive correction of make- 
ready were caused by the condition of 
the presses and of composition. With 
more uniform cylinders, more consistent 
ink flow, and a composition free of ir¬ 
regularities, at least 25 per cent of the 
time devoted to make-ready could have 
been saved. 

Analysis of the printed sheets as well 
as observation of the manner of their 
inspection showed no systematic con¬ 
ception of standard quality of the 
printed page. It definitely appeared that 
an operationally verifiable concept of 
standard quality of the printed page 
was essential if economic control of the 
printed sheets was to be obtained. 

2.6.2 Bindery. In the bindery, the 100 
per cent inspection data and the sample 
inspection data of the finished book 
were‘’analyzed by conventional fraction 
defective control chart methods. This 
analysis led to the following simple re¬ 
sults: 1 per cent of books at this 
inspection during the day shift were 
found to be defective, whereas the 
average per cent defective found during 
the night shift was one-half of 1 per 
cent. The fraction defective level was 
in the conventional state of control on 
each shift. There seemed to be no reason 
why there should be a difference in 
quality in the books inspected during 
the two shifts, and this difference was 
ultimately attributed to laxity of in¬ 
spection on the second shift. 

The sample inspection^ control charts 
demonstrated the same pattern that the 
corresponding 100 pef cent inspection 
control charts demonstrated. But the 
sample inspection estimate was consist¬ 
ently higher than the 100 per cent in- 
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spection estimate. Apparently, sample 
inspection was much more exacting 
than the 100 per cent inspection. These 
findings were sufficient to lead to con¬ 
structive recommendations. 

2.6.3 Special problems. Among the 
special problems analyzed was- that of 
“shortages.” When a book is made that 
comprises more than one signature, it 
is possible that more or less than the 
quantity ordered of any one signature 
may be ready-for-the-binding stage. In 
an order of 1,000 books, the number of 
completed signatures may vary, say 
from 950 to 1,260. Since only 950 com¬ 
plete books can be made, the surplus 
represents a loss in both paper and the 
cost of printing, as well as a loss of the 
income from 50 books. Some accountants 
believe that thus loss is partially com¬ 
pensated for by the overages—that is, 
the number of completed books beyond 
what the order called for, all of which 
can be hilled. 

The team sought to investigate the 
causes of shortages and overages, their 
relationship to the state of quality, the 
magnitude of the losses involved, and 
the potential savings. To analyze the 
case of shortages, two parameters were 
considered: 

1. The range fraction, which equals 
the difference between the highesj and 
lowest count among the signatures for 
one book, divided by the size of the 
order. 

2. The fraction short, which is the 
number of books short, divided by the 
size of the order. 

Control charts for fraction defective 
were made for both the range fraction 
and the fraction short for the last 31 
shortages. 

Analysis of the data and charts showed 
that: 

1. The average traction short agreed 
with the percentage loss in dollars owing 
to shortages which the controller had 
estimated. 

2. Both the* range fraction and the 
average fraction short were badly out 
of control. 

3. The lack of control provided the 
clue to the causes of shortages. 
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Inaccurate paper count and spoilage 
in printing caus^ by the uncontrolled 
quality of printing were the chief causes 
of shortages (losses in binding and 
handling were not large). An analysis of 
overages indicated the same basic causes. 
Hence elimination of shortages or over¬ 
ages required uniformity of the quality 
of printing, which included uniformity 
in paper count. 

Although it will not be explained in 
detail, it can be readily shown that 
increasing the uniformity of the quality 
of the printed page effects a considerable 
saving in paper allowance in addition to 
reducing shortages. 

2.7 CONCLUSIONS 

1. The principal conclusion of the 
investigation is that a comprehen¬ 
sive statistical quality control system is 
called for. As a corollary, the effective 
operation of the quality control system 
would result not only in improved quality 
and reduced costs but in increased 
profits through improved public rela¬ 
tions. The most needed requirement in 
the printing industry is the development 
of objectively verifiable standards of 
printing quality. 

2. Make-ready. The present proce¬ 
dure of make-ready is neither standard¬ 
ized nor uniform, and is undoubtedly 
uneconomical. Average times for make- 
ready could be reduced by about 25 per 
cent, and personnel should be trained by 
the quality authority to perform make- 
ready in a consistent fashion. Equip¬ 
ment needs to be improved and 
maintenance has been and is quite 
inadequate. 

3. Printing. The loss of printed sheets 
is higher than it need be, and much 
of the non-uniformity in printing qual¬ 
ity is due to non-uniformity in make- 
ready. The poor state of equipment 
accounts for much of the defective print¬ 
ing quality. 

4. Binding. Bindery operations are 
highly economical and in a good state of 
control. There is evidence that economic 
gains could be made by the introduction 
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of acceptance sampling and control chart 
procedures in the final inspection stages. 

5. Special problems. There are many 
special problems which need considera¬ 
tion, one of which is the problem of 
shortages. Losses from shortages are due 
to lack of control in the printing oper¬ 
ation and amount to some $60,000 a 
year. Much of this loss could be saved by 
an efficiently working statistical quality 
control system. Losses from overages, 
resulting from the same causes as short¬ 
ages, can be considerably reduced. 

6. At least $100,000 could be saved 
by effective economic control of the 
manufacturing process of book making 
at this plant, and it is believed that at 
least one-half of this amount could be 
saved by means of an effective system 
of statistical quality control. 

7. As a result of the consultant’s ex¬ 
perience and study# of the economic 
control of industrial operations in gen¬ 
eral, not as a result of this investigation, 
it is asserted here that mass production 
is the responsibility of management. 
However cooperative or uncooperative 
labor may be in carrying out mass 
production, the economic success is 
completely the responsibility of man¬ 
agement. More than that, it is manage¬ 
ment’s life or death. Hence, these con¬ 
clusions and such recommendations as 
are made below must be viewed in the 
light of efficient survival. 

2.8 RECOMMENDATIONS 

A brief resume of the recommen¬ 
dations will be given here. 

There shall be designed, organized, 
and instituted a comprehensive statisti¬ 
cal quality control system. The system 
is not detailed here, but some suggestions 
are given as follows; 

1. The quality control department is 
to operate as an independent, responsi¬ 
ble imit, and the department’s director 
(who is to be the plant superintendent) 
is to report to the president of the 
corporation. 

2. 'There shall be quality managers of 
printing, binding, and composing, who 


are to be the present superintendents 
respectively of printing, binding, and 
composing. This recommendation is in 
keeping with the principle that the pro¬ 
ductive unit shall be responsible for its 
own quality. 

3. There shall be two new appoint¬ 
ments to the quality control department. 
The first is the appointment of a quality 
authority. This activity is well under¬ 
stood in the printing industry but is not 
uniformly practiced. Details of the qual¬ 
ity authority’s functions and duties were 
made, but are not detailed here. The 
second appointment shall be that of a 
quality analyst, who should have a con¬ 
siderable background in the science of 
statistical quality control. 

4. There shall be established a quality 
control committee, whose membership 
shall consist of the following: 

Director of quality control. 

Three department quality control 
managers. 

A representative from the controller’s 
office, 

A representative from the purchasing 
agent’s office. 

A representative from the sales man¬ 
ager’s office. 

The quality analyst shall be secretary 
to the committee, which shall not have 
execfltive authority but shall function 
for the purpose of facilitating good re¬ 
lations and understanding within the 
plant as well as with both vendors and 
clients. 

5. The quality authority shall be 
solely responsible for the establishment 
of standards of quality and for the 
training of pressmen, make-ready men 
and others with respect to developing 
uniform judgment of quality standards. 
He shall be directly responsible to the 
director of quality and the efficient 
functioning of this department will de¬ 
pend upon good relations between these 
two persons. 

6. A permanent operations engineer¬ 
ing team shall be establfshed for regular 
investigation and review of both the 
technical and the economic phases of 
functioning of the plant, as well as for 
consideration of special problems. De- 
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tails of the organisation, personnel, and 
functioning of the propo^ team shidl 
be worked out in conference between 
the present operations team and the 
corporation officers. 

2.9 REPORT AND POLLOW-UP 

A comprehensive report of 60 

pages, including some detailed dis¬ 
cussion of the technical aspects of the 
problems considered, was presented a 
few weeks after the close of the investi¬ 
gation. The report, which contained both 
recommendations and conclusions, was 
issued without any further discussion 
with the top executives. 

Some two months after the report 
was submitted, the president called the 
operations team together and stated that 
it had been decided to follow the 
recommendations of the report. Four 
of the officers and three of the plant 
staff had read through the whole report 
and were enthusiastic about carrying out 
its recommendations. Discussions were 
held on setting up a continuing opera¬ 
tions engineering team, headed by the 
consultant, the team to be instituted 
following an impending merger. Since 
the merger negotiations took longer than 
was expected, this consultant was not 
available when management undertook 
to set up an operations engineering team. 
It is understood, however, that these 
reconunendations have been followed in 
essence. 


3. OPERATIONAL RESEARCH IN A 
CHEMICAL PILOT PLANT, CHARLES A. 
SICKING 

3.1 PERSON IN CH\HQB OF O.R. WORK 

Trained at University of Delaware, 
with degree of B.S. in Mechanical 
Engineering; Massachusetts Institute of 
Technology with degree of MB. in Busi¬ 
ness and Engineering Administration; 
graduate studies in Management, Qual¬ 
ity Control, and Design of Experiments 
at University of Pennsylvania, Rutgers 


University, University of Delaware, 
Columbia University, and Massachusetts 
Institute of Technology. Is a Founder 
Member and Fellow of the A.B.Q.C., 
member of various committees of the 
A.S.T.M., member of A.A.AB., A.S-A., 
I.M.S., Biometrics Society, etc. Has had 
long and varied teaching experience in 
Quality Control and Industrial Experi¬ 
mentation. Main professional experience 
as Quality Control Engineer with the 
Hercules Powder Company, Wilming¬ 
ton, Delaware. At present, CMef, Design 
of Experiment Unit, Research and De¬ 
velopment Division, Office of the Chief 
of Ordnance, Washington, D. C. 


3.2 THE PROBLEM 

This job was accomplished in one 

of the sevejal plants of a large 
concern that manufactures a variety of 
chemical products. The problem was 
tackled on unconventional lines. A pilot 
plant was involved in the development of 
working principles and techniques for 
economic manufacture of a pyroligneous 
alcohol. It will be described in simplified 
general terms for the benefit of readers 
without technical training in chemistry. 

A modified product of the solvent ex¬ 
traction of a soft wood was subjected 
to high temperature and pressure in the 
presence of a catalyst. The reaction was 
endothermic and its rate could be con¬ 
trolled to some extent by the rate of 
application of heat. The process was 
semicontinuous, in that it was necessary 
to interrupt the steady, slow pumping 
of the raw materials through the re¬ 
actors at certain periods in order to 
restore exhausted catalyst. The complete 
reaction was accomplished in two stages 
and, at the start, was handled in con¬ 
formance with normal practice. This 
meant that the fresh raw material was 
pumped first through the reactor con¬ 
taining partially spent catalyst and then 
through the second reactor containing 
fresh catalyst. The efficiency of alcohol 
conversion was known to be complicated 
by factors of temperature and catalyst 
condition. 
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Theoretical optimum alcohol content 
of the product was about 90 per cent. 
Inexact controls and secondary reactions 
produced by-products to account for the 
remaining 10 per cent. The extent of 
the conversion of the original material 
could be determined by measuring some 
property of the product in semi-finished 
state in the first reactor or in its finished 
state in the final reactor. At the time 
of the investigation, control was being 
exercised by comparing the theoretical 
alcohol content of a final reactor sample 
for which a saponification number was 
measured with an actual determination 
of the alcohol in the sample. If the 
alcohol analysis of the sample was less 
than the theoretically computed alcohol, 
the reactor temperatures were lowered 
on the assumption that excessive tem¬ 
perature for the existing catalyst 
strength was causing side reactions 
which formed excessiv^ hydrocarbons. 
The time involved in calculation and 
the necessity for making assumptions 
made this an unsatisfactory basis for 
control. 


3.3 THE TEAM 

The team, comprising very diverse 
individuals, came together more or 
less by chance, met only once for a 
brief time, and thereafter carried out 
plans and achieved results very rapidly. 
Data already at hand were used almost 
exclusively. 

The team included a staff engineer 
assigned by the central office to a plant 
that manufactured a line of organic 
chemicals. As in many chemical plants, 
most of the process development was 
done by the local laboratory under the 
supervision of the chief chemist. One of 
the project development engineers from 
the local plant laboratory was the second 
member of the team. 

At this time, the home office of the 
company was providing a new and spe¬ 
cialized advisory service to the plants 
in the form of assistance in the intro¬ 
duction of statistical methods of process 
quality control. The quality control staff 


had recognized, however, that in the 
chemical industry the study of anal 3 rtical 
precision and the statistical design of 
experimental work should accompany 
or precede attempts toward process con¬ 
trol. The company quality control engi¬ 
neer was therefore spending some time 
at the laboratory in order to induce 
chemists and development engineers to 
expand their use of statistical methods. 
The quality control engineer was the 
third party to the plan to be described. 

All three men had known each other 
for some time. The two from the home 
office, although they did not ordinarily 
work as a team, both had several years’ 
background amilar to the operations 
research concept of solving production 
problems, and both had expressed will¬ 
ingness to work together with interested 
plant engineers on current development 
problems. It was the development en¬ 
gineer who suggested that the pilot 
plant operation to which he was assigned 
should be investigated. 


3.4 ANALYSIS 

The group of three interested peo¬ 
ple met at the laboratory one 
morning to discuss the possibility of a 
chart method for control of the pilot 
plant. Data from a special pilot plant run 
were available. Samples had b^n taken 
at 14 intervals over a period of about 
26 hours, and duplicate or triplicate 
tests had been made on each sample. 
Measurements of the product refractive 
index and bromine number were avail¬ 
able, in addition to the usual determina¬ 
tions of percentage alcohol and saponi¬ 
fication number. The ranges of the tests 
in each replicate set were used as a 
basis for determining the precision of 
each of these test methods. The relative 
precision of the saponification number 
confirmed the use of that test as a con¬ 
trol measurement. The precision of the 
alcohol determination was*also consid¬ 
ered to be satisfactory. 

Accordingly, a plot was made (see 
Fig. 15.1) of the data from the special 
run using saponification number on the 
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horizontal scale and percentage alcohol signaled the operator to raise the temper- 
on the vertical scale. The resulting scat- ature of that reactor. Raising the tem- 
ter of the plotted tests confirmed what perature should cause the next sample 

was known about the behavior of the to give a point further to the left along 

reaction. The close practical confirma- the curve and within the limit lines, 
tion of the theory clearly indicated that This would be in the direction of higher 

the critical point of the reaction was conversion. A result in the “A” area 

reached when the saponification number indicated that hydrocarbon was being 
approached the neighborhood of 10. A formed and that the first reactor tem- 
Bolid curve was fitted to all the plotted perature should be reduced. Experience 
points by eye. Plus and minus limit Imes showed that the extent of the temper- 
were drawn about the curve such that ature change required was proportional 
95 per cent of the single determinations to the distance of the point from the 

should lie within them if the proper limits. On the other hand, a point 

temperature were maintained and if plotted in the “C" area raised doubt 
the catalyst were not being exhausted, concerning validity of the sample or 

the test, since it was so far from the 
satisfactory performance curve. Re- 
3.5 USE OF RESULTS sampling or a new test was called for. 

For final reactor control, attention 
The chart was to be used in the was paid to the extreme left area of the 
following way. For first reactor chart, area "D.” If the alcohol content 

control, a point within the “B” area was less than 85 per cent and the saponi- 

indicated no hydrocarbon formation and fication number leas than 10, the tan- 
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perature of the reactor was too high. 
If with less than 85 per cent alcohol, 
the saponification number was more 
than 10, the temperature was too low. 
If temperature adjustments did not 
bring the samples back into the higher 
portions of the curve, the catalyst was 
changed in the more nearly exhausted 
reactor. 

The operators were instructed to con¬ 
trol the pilot plant on the basis of this 
land of chart. They found that the 
method was much easier and quicker 
than the former tedious method of 
arithmetic comparison with theoretical 
conversion. With this chart as a guide, 
the project engineer began to experiment 
with different temperatures, pumping 
rates, frequencies of catalyst change, 
and numbers and arrangements of re¬ 
actors. It was soon discovered that best 
conditions were produced by using the 
reactor with fresh catalyst ahead of 
the reactor with p>artially spent catalyst, 
in contradiction of accepted procedures. 
The chart was thus a big factor in 
obtaining optimum operating conditions. 


3.6 roixow-up 

Upon enlarging this operation to 

a full-plant scale, similar charts 
were used as a means of process control. 
The operators were thus provided with 
a visual tool for the best control of the 
process, which minimized the time re¬ 
quired to determine what adjustment 
to make or to decide when not to make 
adjustments at all. Savings arose from 
a significant reduction in the time and 
experimentation required to determine 
the best conditions of operation while 
still in the pilot plant stage. Experi¬ 
mental efficiency was improved by an 
estimated 10 per cent, and even larger 
savings resulted from the reduction in 
operator time required in routine pro¬ 
duction 

These results were reported in the 
formal laboratory report on the develop¬ 
ment and received warranted attention 
as an efficient approach that could 
be recommended for other projects 


throughout the company. Subsequently, 
numerous small engineer-statistician 
teams were used. Results were often 
good, but wldom was a job done with 
such straight-forwardne^ and lack of 
formal pre-planning as in the case de¬ 
scribed above. One nught speculate on 
what elements in this situation caused 
it to be remembered as so remarkaUe. 
It may be simply that all the essential 
conditions for successful operational re¬ 
search were fully satisfied. 


4 . APPLICATION OP OPERATIONS 
RESEARCH TO MATERIALS HANDLING IN 
A HEAVY MACHINE SHOP, J. MURDOCH 

4,1 PERSON IN CHARGE OP O.R WORE 

Graduated as B.Sc. in Electrical 
Engineering from Glasgow Uni¬ 
versity. Following graduation, was an 
assistant for two years in the Statistical 
Section, The United Steel Companies, 
Ltd. For three years has been in charge 
of the Operational Research Depart¬ 
ment, English Electric Co. Ltd., Rugby. 


4.2 INTRODUCTION 

The approach to problems in han¬ 
dling is similar whatever the prob¬ 
lem. Essentially it is to determine a 
method of summarizing the system into 
a series of statistics or handling coeffi¬ 
cients which will form a mathematical 
model of the system. This model must 
satisfy the following conditions: 

1. It must represent the system with 
a known degree of error. 

2. It should be capable of estimating 
and evaluating the effect of any possible 
change in handling practice. 


4.3 STATEMENT OF PROBLEMS 

Figure 15.2 show% diagrammati- 
cally the layout of the transport 
system under consideration. The system 
consists of a single-line rail track run¬ 
ning from the fabrication department 
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at one end to the erecting and forward* 
ing departments at the other. Four low, 
flat rail trucks are employed and moved 
by means of one tractor. All components 
too heavy to be hauled by Lister trucks 
are transported on this system. The 
flow lines are two-way; loading and 
unloading are carried out by overhead 
bay cranes. 

The problem put by the management 
was: “This rail system is not operating 
efficiently. Long delays are being ex¬ 
perienced by our machines and opera¬ 
tors in waiting for transport. What steps 
are necessary in order to achieve an 
adequate and efficient transport sys¬ 
tem ?” 

The problem can be restated as fol¬ 
lows: “What is the handling potential 
of system with present shop layout or 
flow line pattern? How does this com¬ 
pare with volume of work to be moved ?” 

The handling potential must be de¬ 
fined for each problem. The definition 
is: “Number of jobs which system can 
move in a week.” 

Similarly, work potential is: “Num¬ 
ber of jobs wanting movement in a 
week.” 

Since, however, these systems of trans¬ 
port are not stable—that is, .the jobs to 
be moved arrive in a random manner 
rather than at regular intervals (Pois¬ 
son-distributed) a further handling co¬ 
efficient is required to complete the 
model of the system, namely: “The 
average and distribution of time interval 
between asking for move and transport 
calling for job.” 

Summarizing, the following three han¬ 
dling coefficients are required for l^e 
solution of the problem: 

1. Handling potential (P). 

2. Work potenial (W). _ 

3. Average delay before moving ( 35 ). 


4.4 PLANNING AND OBTAINING DATA 

Once the problem has been broken 
down into its operatioiud form, 
the next step is to decide on both the 
form and amount of data required for 
solution. 


It has become- standard practice with 
our department to obtain data by sur¬ 
veying the system in action and to 
build up a model from the data given 
by this survey, rather than to build up 
a theoretical model based on certain 
assumptions. 

Figures 15.3 and 15.4 show the data 
sheets employed by observers on this 
survey. These forms were designed to 
give the following breakdown for every 
job moved: 

1. Time job asked to be moved. 

2. Time truck in position to move job. 

3. Time crane started to sling job. 

4. Time job on truck. 

5. Time job arrived at destination. 

6. Time crafie started to sling job. 

7. Time job off truck. 

8. Details of journey; i.e., from Bay 
12 to Bay 2. 

9. All delays which occurred, together 
with reason. Typical causra of delay are: 

a. Operators’ personal delays, late 
starts, meal breaks, etc. 

b. Waiting for tractor. 

c. Blockage delays. 

d. Breakdown, etc. 

It is seldom possible, because prior 
information on these problems is limited, 
to fix accurately how long surveys will 
have to run before adequate data are 
assembled. Surveys are planned for one 
week’s duration and are extended in 
cases where summary analysis of daily 
information shows a need for additional 
data. Normally, one week’s data are 
adequate, providing external factors— 
i.e., level of production—are not abnor¬ 
mal. In this problem, one week’s data 
were found adequate. 


4.5 ANALYSIS OF DATA AND ESTIMA¬ 
TION OF HANDLING POTENTIAL 
OF SYSTEM 

Table 15.1 gives a siunmary of the 
breakdown of total time taken to 
move job—i.e., between arrival of truck 
and job being lifted off truck at its des¬ 
tination. 

The table shows that on the average 
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FIG. 15.3 DATA SHEET FOR MATERIALS HANDLING 
STUDY. 
























mousTRiAi oPBunom t^uitcH 



FIG. 15.4 DATA SHEET FOH MATERIALS HANDLING 
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it takes 51 minutes from the arrival of 
the truck at the dispatch point to the 
time when the job is unloaded off the 
truck at destination. The table also 
shows that long delays are being ex¬ 
perienced in ail three elements. (Note: 
Personnel delays have been excluded 
from all figures given in analysis.) 


Let us now consider each element in 
more detail: 

1. Time interval between truck orriv- 
ing at bay and being Iqaded (A). This 
time interval was further subdivided 
into: 

a. Average true loading time per job 
—7 minutes. 
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TABLE 15 . 1 . BBBAKDOWN OF TOTAL MOVEMENT TIME* 




Time interval 


Time intervfd 



between truck 

Time interval 

between arriving 



arriving at bay 

to reach 

and being 



and being loaded 

destination 

unloaded 

Total 

Average 

14 

20 

17 

51 

Range 

2-110 

0-226 

4-99 

— 

* All figoro* in miautes. 


b. Average delay waiting for crane 
per job —1 minutes. 

2. Time interval between truck arriv¬ 
ing at destination and being unloaded 
(C). This time interval was further sub¬ 
divided into: 

a. Average unloading time per job— 
18 minutes. 

b. Average delay waiting for crane 
per job—^9 minutes. 

On these loading and unloading cycles 
one must consider whether the average 
delay of seven to nine minutes that is 
being experienced per job is as low as 
possible. As a guide to solution, these 
delays were subdivided by bay. Table 
152 gives the picture for one section. 

The table shows that generally in the 
three cases with asterisks the delay in 
unloading was significantly higher than 
the delay in loading. This point illus¬ 
trates the personnel side of the problem, 
namely that bays are generally more co¬ 
operative in dispatching than in receiv¬ 
ing jobs, unless they have machines or 
operators waiting for jobs. 


By using the theory of congestion,* 
we can estimate the expected delay. 
Two factors are necessary: 

1. Utilization of bay cranes (W). _ 

2. Average holding or job times (T) 
together with distribution. 

In two cases,* namely with constant 
holding time or exponential bolding time, 
the theory has been fully developed. 

This case fitted an exponential distri¬ 
bution of holding time and, theoretically, 
it was deduced that the system was 
capable of operating at a level of three 
minutes average delay per job on load¬ 
ing or unloading. 

Thus over half the delay experienced 
has been due to looseness in the system, 
a fact which was confirmed in later 
surveys by observing the time trucks 
were waiting when the crane was idle. 

Thus the tightening up on coopera¬ 
tion between transport, and bay cranes 

*T. C. Fry, Probability and Its Engi¬ 
neering Uses, (New York: D. Van Nos¬ 
trand Company, Inc., 1929), Chapter X. 


TABLE 15 . 2 . DELAY WAITING FOR CRANES IN HEAVY MACHINE SHOP BAY 


Wait 

11 

12 

13 

14 

15 

16 

Waiting to Ipad 

4 

8 

5 

6 

14 

2 

Waiting to unload 

2 

6 

12* 

6 

22* 

12* 

* ttaaificant diffaraoM. 
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will reduce the delay in wailing to load 
or unload from seven to nine rnmutes 
to three minutes on the average. 

3. Journey time or time to reach des¬ 
tination (B). The journey time per job 
was divided into; 

1. True journey time 

(truck moving) Negligible 

2. Average delay due to 

blockage 2.9 mins. 

3. Average delay waiting 

for tractor 3.6 mins. 

4. Average inherent 

interference 13.5 mins. 

This subdivision is standard for all 
systems. Inherent interference measured 
the delay caused by the interference of 
trucks with one another, the interfer¬ 
ence of trucks with tractor, and so forth, 
and is present in all systems where the 
number of flow lines (Scceeds the num¬ 
ber of paths. Inherent interference is 
extremely difficult to isolate. The prac¬ 
tice normally employed is to obtain it 
by the residual method—^i.e,, the total 
journey time is measured and all journey 
delays are subtracted. The residual is the 
inherent interference of system. Thus 
in this case: 

Inherent Interference = 

20 — 2.9 — 3.6 = 13.5 mins. 

Referring to this detailed analysis: 

Blockage delay —This delay arises 
mainly from the necessity for turning 
over large components in the gangway 
because of space limitation in bays. 
From further analysis it was decided 
that these delays could not be reduced 
because of this limitation of space. 

Waiting for tractor —This delay arises 
from the practice of employing only one 
tractor covering four trucks operating 
independently. 

liferent interference —The high level 
of this delay results from the lack of 
degrees of freedom in the system. It can 
be reduced by introducing more degrees 
of freedom into the system—^i.e., by an 
alternate path, by-pass points, use of 
another tractor, and so on. From an 
analysis of possible methods of reducing 


this inherent interference, it was de¬ 
cided to introduce another tractor into 
the system. This step will also reduce 
the delay waiting for tractor to zero. 

Utilization of trucks —The true utili¬ 
zation of tnicks is given by: 

Truck Utilization (t/j.)=True loading 

Truck Utilization {Uy) = 

True Idg. + Unldg. -h Journey Times 
Available Time > 

= 30 per cent. 


4.6 CONCLUSIONS 

1. Tightening up on cooperation 
between transport and bay crane 
will reduce delay waiting to load or 
unload from level of seven to nine 
minutes to three minutes on the average. 

2. Inherent interference can best be 
reduced by introducing another tractor 
into the system. This step will also elimi¬ 
nate delay waiting for tractor. 

3. Blockage delays in main cannot be 
reduced at present because of limitation 
of space in bays. 


Implementation 

of these 

steps will 

give the following 
journey time. 

reduction in total 

Present Expected 

Delay loading 

7 

3 

Loading time 

7 

7 

True journey time 

Ngble. 

Ngble. 

Blockage delay 

2.9 

2.9 

Tractor delay 

3.6 

0 

Inherent interference 

13.5 

7 (Est.) 

Delay unloading 

8 

3 

Unloading time 

9 

9 


Total 51 mins. 31.9 mins. 

Thus the implementation of these 
conclusions will give approximately 40 
per cent reduction in journey time. 

4. The last analysis on which the 
decision will be made on whether or 
not the new system is adequate is an 
estimate of the delay between asking 
for job to be moved and transport 
arriving to unload job (Z>). For a system 
based on the recommendations, the 
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theory of ccmgeo^on indicateg that ap> 
proximately 60 per cent of jobs will be 
moved within one hour of requesting 
and that only approximately 5 per cent 
should wait for longer than two hours. 


4.7 B£GOMMENDATIONS 

On the basis of truck utilization, 
total journey time, and delay wait¬ 
ing for movement, it was decided that 
the transport system was adequate. The 
main recommendations were: 

1. Introduction of another tractor. 

2. Tightening up on crane delay. 


4.8 IMPLEMENTATION OF RECOMMEN¬ 
DATIONS 

The standard practice is for O.R. 
to submit a report of recommen¬ 
dations to the management for approval. 
Where possible, cost estimates are also 
given. In this case, the report was 
adopted and implemented as soon as 
possible. 


4.9 CONFIRMATION OF ANALYSIS 

The last step is for another‘survey 
to be made later to check that the 
estimated efficiency has been achieved. 
The following results were obtained after 
six months of operation. 

Loading delay 8.4 (including un¬ 

loading delay) 

Loading time 6 

Journey time Negligible 

Tractor delay 0 

Blockage delay 2 

Inherent interference 8 
Unloading delay (See loading de¬ 
lay) 

Unloading time 6 

Total 30.4 minutes 

Delay between asking and moving: 

Under 10 mins 38 per cent 

Within 10-60 “ 31 « “ 

60-120 " 22 “ " 

Over 120 " 9 “ “ 


A comparison of these results with those 
«timated from the first survey shows 
that within limits of error the conclu¬ 
sions have been confirmed in all cases. 


4.10 VALUE OF APPROACH 

The main value of this type of 

approach to industrial problems is 
that it gives management an objective 
basis on which to make a decision. 

If the analysis outlined had shown, 
say, that the potential of the system 
could not be increased to the desired 
level without major alterations (such as 
the provision of the additional gangway 
which was under consideration when the 
survey was started), it would have been 
just as valuable to the management, 
since the analysis would have shown ex¬ 
actly what woujd be achieved by the 
expenditure of capital and why it was 
necessary. 

However, from the actual results, the 
main value of the analysis was that it 
showed that what looked on paper and 
in operation to be a hopeless syston, 
could be made adequate by means of 
certain minor changes. 

Thus one of the major problems was 
eliminated. The analysis prevented the 
large expenditure on the proposed new 
gangway, saved thousands of pounds, 
and also prevented the loss of production 
space. The small incidental saving of 
time on large machines waiting for 
transport was approximately 35 hours 
per week in labor alone, giving £300 
per year or lost production m the value 
of £2,000 per year. 


5 . OPERATIONAL RESEARCH AT 
LONDON TRANSPORT, F. A. A. MBNZLER 

5.1 PERSON IN CHARGE OF O.R. WORK 

Holds the degree of B.Sc. (Lcm- 
don); is an actuary by prof^on 
and immediate past-preadent of the 
Institute of Actuaries; a member of 
the Council of the RoyzJ Statisttcid So¬ 
ciety and the Council of the Association 
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of Incorporated Statisticians. Has been 
with London Transport for over 20 
years, and is at present Chief Develop¬ 
ment and Research Officer, responsible 
for the direction of all scientific research, 
including operational, -economic, and 
statistical, and of long-term planning 
projects. 

5.2 DEVELOPMENT OP O.H. AT LONDON 

TRANSPORT 

The London Transport Executive 

(commonly referred to as “Lon¬ 
don Transport”), previously the London 
Passenger Transport Board, is one of 
a number of “executives,” including the 
Railway Executive and the Docks and 
Inland Waterways Executive. Since the 
nationalization of inland transport in 
1948, these executives have been re¬ 
sponsible, under the •general direction 
of the British Transport Commission, 
for the administration of particular sec¬ 
tions of the national system for trans^ 
port. London’s transport system—local 
surface and tube railways, buses, trolley¬ 
buses, and motor-coaches—had, how¬ 
ever, been in a form of public ownership 
since 1933, when the then-existing mu¬ 
nicipal and private undertakings were 
taken into a single ownership by the 
newly constituted and autonomous Lon¬ 
don Passenger Transport Board. 

Before World War II, studies of the 
performance of equipment under service 
conditions were undertaken. Nowadays, 
such studies would be regarded as O.R., 
even though the full apparatus of 
modem statistical techniques, including 
the design of experiments, was ‘not 
utilized. Early examples were particu¬ 
larly concerned with the fuel consump¬ 
tion of the large fleet of buses operated 
by the former London General Omnibus 
Company—some 4,000 vehicles by 1933, 
when the enterprise was taken over by 
the London Passenger Transport Board. 
The fleet of buses grew to over 6,500 
by'1948 immediately prior to nationali¬ 
zation. It was obvious in the examina¬ 
tion of fuel consumption that the figures 
were affected by a multiplicity of fac¬ 
tors, but in earlier days the methods of 


modem statistics by which the effects of 
individual factors are istdated were not 
available. Nevertheless, as long as 30 
years ago it was known that there was 
a relationship between fuel consumption 
and atmospheric temperature. In the 
course of time, this relationship was 
expressed in a quantitative manner, so 
that fuel consumption figures could be 
corrected to allow for the effects of 
variations in atmospheric temperature. 

Over the years, continuous efforts 
have been made to improve the fuel 
consumption of the bus fleet. Changes 
have been made in the settings of 
carburetors and fuel injection pumps, 
and in other directions thought likely 
to be beneficial. The effect of these 
changes has been determined by scien¬ 
tifically controlled tests under service 
conditions. Two groups of vehicles were 
employed, one of which served as a 
standard of comparison, and every effort 
was made to avoid altering more than 
one variable at a time. That the method 
of approach was fundamentally sound 
was demonstrated by the fact that very 
large reductions in fuel consumption 
were obtained by adopting the recom¬ 
mendations that arose from these tests. 
It is now known, however, that the 
precision of the tests was not as great 
as it’Vas thought to be at the time, 
and that too little importance was 
attached to the inherent variabilities not 
only of fuel consumption figures but of 
the individual vehicles from which they 
were derived. It has also been learned 
that each bus performs a distinctive 
duty that affects its fuel consumption. 

The introduction of new methods of 
O.R. has presented psychological diffi¬ 
culties in regard to acceptance, because 
of the long history of successful investi¬ 
gations on classical lines of experiment. 
The approach was made easier, however, 
by the coordination of the scientific as¬ 
pects of the engineering services under 
an advisory Re5e.arch and Development 
Committee which reports directly to the 
Chairman of the Executive, who takes 
a close interest in its work. This com¬ 
mittee consists of the chief development 
and research officer (chairman), the 
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chief engineers, tad the director of re¬ 
search. It sets np a team for each 
investigation project as it arrives. The 
tM,m consists of representatives of the 
departments concerned, together with a 
scientific representative who acts as sec¬ 
retary and is largely responsible for 
planning the research and drafting the 
report. Usually, the team includes a 
statistician. The approach is that the 
“consumer” department is considered to 
be the client who is seeking assistance 
on a cooperative basis. If the report of 
the team is accepted after consideration 
by the Research and Development Com¬ 
mittee, it passes into the hands of the 
department concerned for action. 

The number of staff members em¬ 
ployed on O.R. under the supervision 
of the director of research has been kept 
small. At present, there is one senior 
man in immediate charge, assisted by 
three others, two of whom are at present 
concentrating on fuel economy and one 
on the study of causes of traffic delays 
on the streets. All are honor graduates. 
The senior man took the Cambridge 
Mechanical Science Tripos. This type of 
“mixed” training in engineering, physics, 
and mathematics is found to be very 
suitable for O.R. work. Two of the 
others are also Cambridge men in 
physics and engineering respectively, 
and there is one Oxford man with a 
physics degree who also has mathemati¬ 
cal leanings. Statistical advice is obtain¬ 
able as required from three honors 
graduate statisticians on the economics, 
statistics, and planning side of the 
department of the chief development 
and research officer. These man are 
available to give help on any problems 
in London Transport upon which ex¬ 
pert statistical guidance is required. In 
addition, both the director of research 
and the chief development and research 
officer take a close interest in the work. 

5.3 AN EXAMPLE OF THE USE OF BOU¬ 
TINS DATA 

A postwar example is the study 

of the dectrical energy consump¬ 
tion of trams. The departm^ts con- 


IfJ 

cemed have compared the rate of energy 
consumption month by month with the 
corresponding months of the previous 
year. Occasionally, increases in con¬ 
sumption have pven rise to investiga¬ 
tions, usually with inconclusive results. 
At the instigation of the railway oper¬ 
ating department, an O.R, team was set 
up to study the factors affecting energy 
consumption, with a view to recommrad- 
ing economy measures. 

The relationship between energy con¬ 
sumption and average speed can be 
calculated, but it was also shown by 
calculation that energy consumption de¬ 
pends very much on how the motormen 
drive their trains. Thus, it is not possible 
to predict, on theoretical grounds alone, 
what will be the effect of a change in 
operating practice, such as scheduled 
speed, or a change in rolling stock char¬ 
acteristics, such iis rate of acceleration 
or braking. Accordingly, it was neces¬ 
sary to study the actual service results 
of the operating or engineering changes 
that had been made from time to time. 
The monthly figures for each line for a 
period of six years were analyzed by 
means of “analysis of covariance,” which 
showed that a large part of the variation 
from month to month was seasonal and 
was related to average atmospheric 
temperature for the month. Removal of 
these purely seasonal variations left 
some residual variations and a number 
of significant changes in the level of 
consumption, some of which could be 
related to alterations in sch-sdule speed 
and other known changes. This analysis 
is being continued as a means of keep¬ 
ing energy consumption under continu¬ 
ous review. 

Arrangements were made for hourly 
readings of the energy consumed and 
of the number of trains run on a section 
of one line. These data were found to 
be related by a multiple regression 
formula of the following form: 

U 

where U = units per car mile 

P = proportion of oar mileage 



Ml 

run by short trains (of 4 
care instead of 7) 

I = intensity of service (car 
miles run per hour) 
and a, b, and c are constants. 

This resiilt has assisted in the interpre¬ 
tation of the effects of changes in the 
service provided. 


5.4 AN EaCAMPLE OP A PLANNED EX¬ 
PERIMENT 

Although, as in the example de¬ 
scribed, sufficient data may in 
some cases be obtainable from routine 
records and observations of day-to-day 
operation, it is commonly found that an 
experiment is necessary to provide es¬ 
sential information. In recent years, 
there have been important developments 
in the design of experiments which in¬ 
sure that the results can be subjected 
to statistical analysis and an assessment 
of their significance. One such design— 
the “Latin Square”—has been used re¬ 
cently in experiments to measure the 
effect of driving technique on the fuel 
consumption of a bus. Basically, the 
answer required was the difference in 
terms of fuel consumption between the 
two styles of driving known as “steady” 
and “fluctuating” (in relation to the use 
of the throttle) at 20 m.p.h. and at 
30 m.p.h. 

In order to assess the significance of 
any statistical difference found, it was 
necessary to carry out a number of 
observations at each speed. It was also 


mi 

desired to know how the result would 
be affected by using different buses, 
different drivers, and different loads. In 
this ca^, four highly experienced drivers 
and four vehicles, especially selected for 
consistency' of fuel consumption, were 
employed as being the minimum re¬ 
quired for reasonably reliable results. 
The obvious plan was to have each 
driver drive each bus at each loading, 
at both speeds and with both styles of 
driving. But this plan was rejected on 
grounds of time and expense and also 
because of possible variations in weather 
during the four days the test would 
have lasted. The following plan enabled 
the tests to be completed in one day 
and gave the greatest accuracy in meas¬ 
uring the effects of the two most im¬ 
portant factors—namely, the two speeds 
and the two styles of driving. 

Scheme for the 64 runs made to de¬ 
termine the fuel consumption in the 
following four conditions: 

20 m.p.h. and fluctuating use of accelera¬ 
tor (denoted by w) 

20 rap.h. and steady use of accelerator 
(denoted by x) 

30 m.p h. and fluctuating use of accelera¬ 
tor (denoted by j/) 

30 m.p.h. and steady use of accelerator 
(denoted by 2 ) 

Sixteen runs were made at each con¬ 
dition according to the scheme shown be¬ 
low, known as a Latin Square. 

To overcome the effects of gradual 
clianges in atmospheric temperature and 
engine temperature during the day, the 
order in which the runs in conditions w, 
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a 

Load 1 

Load 2 

Load 3 

Load 4 

b 

Load 2 

Load 1 

Load 4 

• Load 3 

c 

Load 3 

Load 4 

Load 1 

Load 2 

d 

Load 4 

Load 3 

Load 2 

Load 1 
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X, y, and z werojtnade was altered sys¬ 
tematically as fd^ws; 

Bus A with Driver a and Load 1 

B n a c « « 4 

C a ** d “ “ 2 

2) “ « b « " 3 

(Simultaneously made runs in the 
order w, x, y, z.) 

The vehicle/driver/load combinations 
were then changed in accordance with 
the above scheme to: Ah2, BdZ, Ccl, 
Da4, and runs were made in the order 
X, w, z, y. After another change: Ad4, 
Bbi, CaZ, Dc2 made runs in the order 
y, z, w, X. And finally, Ac3, Ba2, Cb4, 
Ddi made runs in the order z, y, x, w. 

The results were analyzed by means 
of the recognized statistical procedure 
known as the “analysis of covariance.” 
The experiment gave 16 determinations 
of the ftiel consumed at each speed and 
style of driving. There was some varia¬ 
tion within each set of 16 observations, 
but, by virtue of the design adopted 
for the experiments, it was possible to 
estimate how much of this variation was 
due to systematic differences between 
the drivers, the vehicles, and the loads 
carried. Fuel consumption might also 
have been related to fuel temperatures 
and to measured average speed, which 
varied a little even though the speed and 
style of driving were specified *nd ad¬ 
hered to as closely as possible. Thus, 
with any one style of driving, there were 
five definable sources to which the vari¬ 
ations in fuel consumption might be 
attributable. Where any of these five 
sources of variation could be shown to 
be significant, that amount of variation 
was extracted from the total, leaving a 
“residual” or experimental error. It will 
be seen that great care was taken in 
designing this experiment to insure that 
the experimental error was as small as 
could be contrived. Without such pre¬ 
cautions, the results might well have 
been inconclusive. 

5.5 AN EXAMPLE OF PLANNED SERVICE 
TESTS 

Frequently, the number of factors 
is sWll and it is desired to find 
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by trials under service conditions an 
answer to such a 8imp}le question as: 
“Does an increase in fuel injection pump 
setting on a bus increase or decrease fud 
consumption in service?” In this typ)e 
of experiment, the fuel pump setting can 
be altered at will and the same vehicles 
can be run for a period at each setting. 
It would not be sufficient, however, to 
make the alteration and to observe 
simply the change in fuel consumption, 
since weather and traffic conditions may 
change at the same time. Therefore, two 
groups of buses were used. The pumpjs 
of one group were at “high,” and the 
others at “low.” Both groups were 
operated for a week. The settings were 
then altered from “high” to “low” and 
from “low” to “high,” for the next 
week’s operations. This cycle was re¬ 
peated three times. The analysis of 
variance of these results, although simi¬ 
lar in principle to that described above, 
was complicated by the greater number 
of sources of variation—for example, 
physical differences between the groups 
of buses and differences between the twm 
constituent weeks of each “cycle.” It 
so happened that only two of these 
effects proved to be significant—^namely, 
fuel pump setting and differences be¬ 
tween cycles. The former result con¬ 
firmed that the “low” setting was 
slightly more economica'l. The second re¬ 
sult showed that, as time went on, the 
fuel consumption increased, presumably 
because of seasonal changes in traffic 
and weather. The magnitude of this 
second effect was that a simple “before 
and after” experiment could have given 
a “no difference” answer, if the “high” 
pump setting liad been tested first. 

In cases where the experimental fea¬ 
ture cannot readily be changed from bus 
to bus, this “cross-over” design cannot 
be used. Two chosen groups of buses, 
similar in all but the experimental 
feature, must then be compared. The 
precautions must then be more stringent, 
involving an interference with the nor¬ 
mal allocations of buses to their daily 
duties. Operational research tries to 
interfere as little as possible with day- 
to-day operations, and this latter .type 
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of experimental deagn is avoided when¬ 
ever possible. 

6 . AN APPLICATION OF OPERA¬ 
TIONS RESEARCH IN CERAMICS MANU¬ 
FACTURING, 0. W. HAMILTON 

6.1 PERSON IN CHARGE OF O.R. 

Holds degrees in Electrical Engi¬ 
neering and in Industrial Statistics 
from Massachusetts Institute of Tech¬ 
nology, with additional courses in edu¬ 
cational psychology, accounting, and 
economic statistics. Had wartime service 
as radar officer. Since 1947, has had 
broad experience in management Qual¬ 
ity Control, market research, industrial 
statistics, production planning in chemi¬ 
cal processing, the manufacture of rail¬ 
road and automobile |)arts and timing 
instruments. Is now Director, Operations 
Research, for the United States Time 
Corporation. 


6.2 ORIGIN OF JOB 

The study had its beginning when 

a chance remark was made to the 
O.R. analyst by the chief project engi¬ 
neer, who had been working two years 
on the development of the project 
herein described. The project was to 
develop a ceramic filtering element with 
specifications (1) that no foreign ma¬ 
terial in the solid state with a cross¬ 
dimension larger than 0.0005 inches 
should pass, and (2) that the flow^ of 
a liquid through the element should not 
be below 65 gallons per hour. 

Working with different mixes of ma¬ 
terial and alternately with a pilot kiln 
and a full-scale kiln, the chief engineer 
and his co-worker, a ceramics engineer, 
had developed what they thought would 
be an acceptable product. However, al¬ 
though it met the specification for pass¬ 
ing a solid, at certain times a very large 
percentage of the elements failed to meet 
the lower bound of the flow specification. 
More than a year had bew spent in 
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trying to discover the cause or causes 
of variation. The rejects were re-run 
through the kiln, so that a total loss was 
not sustained. However, this project, 
which was started on the premise that 
it would be a very profitable sideline, 
had, after two years, proved to be very 
costly. The company's president was on 
the verge of throwing the whole project 
overboard, in favor of a less potentially 
profitable line. In a discussion, the chief 
engineer passed this informatron along 
to the O.R. analyst, who, in turn, asked 
that he be given a try at studying the 
over-all technical operations. 'Ibe engi¬ 
neer, rather startled, asked what special 
qualifications the O.R. analyst, who was 
neither a ceramist nor a chemist, had for 
making a full-scale study. 


6.3 PLANNING 

The immediate job was to per¬ 
suade the chief engineer—^a job 
that took three weeks. During this time, 
the chief described the process, which 
could be divided into five distinct stages. 
The fourth stage was the earliest one at 
which results could be measured. The 
O.R. analyst described several experi¬ 
mental designs for variance analysis and 
for cofrelation analysis. Particular stress 
was put on analysis of variance designs 
which would incorporate several stages 
of the process in one experiment. 

At this point, the chief engineer said 
that it would be impossible to carry 
through with such a study because the 
company would not consent to giving 
out the chemical and mix formulae. The 
analyst quickly interjected that it would 
not be necessary for him (the analyst) 
to delve into formulae and that all that 
was necessary was for the chemist to 
make up different batches or mixes of 
material which would be labeled “batch 
one,” “batch two,” and so on. Thus the 
major hurdle was cleared in selling the 
program. • 

The over-all technique described ap¬ 
pealed to the chief, especially since the 
problem had so far been attacked one 
stage at a time. 
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6.4 FORMING THi: TEAM 

The next step was to “sell’' the 

works manager, who was a ceram¬ 
ics manufacturer of long and reputable 
standing. At first, he did not favor fur¬ 
ther experimenting, because a considera¬ 
ble sum of money had been spent, and, 
also, he had told the president that the 
project would be disbanded. The works 
manager had been very close to this 
project from its inception and had 
contributed many suggestions, drawing 
from his technical knowledge of ceram¬ 
ics and from his knowledge of manufac¬ 
turing “know-how.” When the works 
manager, conveyed the impression that 
one man, carrying on alone with the 
project, would not be able to accomplish 
much, the O.R. analyst proposed that 
the project be carried forward under the 
aegis of a team composed of the works 
manager, the chief engineer, the ceram¬ 
ics engineer, a technician, and the ana¬ 
lyst. The analyst would be responsible 
for experimental designs and the mathe¬ 
matical analysis of data. At no time 
would any particular phase of the ex¬ 
periment be carried out unless all mem¬ 
bers of the team understood its purpose 
and concurred in the experiment. The 
works manager had visions of further 
experimentation extending for a fear or 
more, but when the analyst commented 
that the experimental designs should be 
completed within a month, the manager 
consented to go forward with the proj¬ 
ect, but not until the chief had said that 
no mix secrets would be divulged. 


6.5 DETAILS OF THE PROCESS 

The five stages of the process are 
as follows: 

1. Mixing (Banbury Mixers). In the 
mixing operation, the ingredients as well 
as the length of time of mixing can be 
varied. 

2. Molding.*The mix is placed in a 
mold, which is then compressed by a 
hand press machine, each machine being 
controlled by one operator. 

3. Baking. The molded d^ent is 


allowed to bake in an oven at low tem¬ 
perature, until dry, or until the element 
is “siet.” 

4. Kiln “Firing.” After the molding 
operation, the filter elements are placed 
in Carborundum boxes approximately 
6 inches wide by 12 inches long by 4 
inches deep; one box containing 46 fflter 
elements, five along the width and nine 
along the length. Filters remain in the 
box through the drying process and 
through kiln “firing.” As shown in Fig, 
15.5 for the kiln “firing,” boxes of filters 
are stacked on a wagon, ten boxes per 
layer, seven layers high. All boxes 
stacked one above the other form a tier. 
Facing the front, of the wagon, one 
would see two tiers of boxes placed end 
to end; facing the side of the wagon, one 
would see five tiers placed side to side. 
After the wagon is loaded, it passes 
through the tunijel-like kiln, entering at 
low temperature and gradually reaching 
the highest temperature in the center of 
the kiln; then the temperature gradually 
decreases to the opposite end of the kiln. 
The contents of the kiln are always 
chan^ng, so that on one trip a wagon¬ 
load of filters may have immediately in 
front of it a wagonload of pottery, and 
in the immediate rear may be placed a 
wagonload of ceramic insulators. While 
in the kiln a certain ingredient “burns” 
out of the filter element, leaving it po¬ 
rous. When filters finish the firing stage, 
they may be tested for the flow charac¬ 
teristics. 

6. Coating. A very thin substance is 
sprayed onto the filter to give it a glazed 
surface finish. This process causes a re¬ 
duction in the rate of flow and forms the 
basis for a correlation analysis. The vari¬ 
ables are rate of flow before coating, x, 
and rate of flow after coating, y. 


6.6 PLANNING THE EXPERIMENTS 

The main planning meeting was 
attended by the works manager, 
the chief engineer, a shop technician, 
the ceramics engineer, and the O.R. 
man. The latter de»iribed analysis of 
variance as a means of studying main 
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FIG. 15.5 ARKANGEMEMENT OF FILTERS, BOXES, 
AND WAGONS IN FIRING OF CERAMIC 


FILTERS. 

causes of variation as well as interactions 
between the main factors; also, he com¬ 
mented briefly on a general factorial 
design for studying the first four stages 
of the process. The chief engineer then 
said that he saw no merit in including 
either the drying stage or the molding 
stage, because he felt that these stages 
contributed nothing to variation; they 
were formation stages in which no in¬ 
gredient was added to or subtracted 
from the filter element. The works man¬ 
ager agreed, but remarked that from 
bis observations he had noticed a great 
deal of difference in the way operators 
in general performed. He agreed that 
there was no way to control drying, 
which was an interim in the process in 
which the filters acquired a "set.” The 
O.R. man then suggested that an analy¬ 
sis be made on operators and molding, 
with all material for the experiment 
coming from the same mix. Everyone 
agreed, and the meeting was adjourned 
for a period of five days while the tests 
were performed. 

6.7 RESULT OF OPERATOR TEST 

The operator test was a simple 

analysis of variance with a number 
of replications for each of five operators. 


No significant difference was found. The 
results were discussed at the next group 
meeting, at which time the main experi¬ 
mental design was presented. 

6.8 MAIN EXPERIMENTAL DESIGN 

With general group agreement, 

and with no supporting evidence 
that raiding and drying affected varia¬ 
tion, the second meeting was devoted to 
a discussion of a proposed four-way 
analysis of variance. 

As mentioned, a box contains 45 filter 
elements arranged with five filters along 
the width of the box and nine filters 
along the length of the box; thus the box 
became the controlling factor for a fac¬ 
torial design. By using all five filters in 
a section across the width of the box, 
the study could incorporate five distinct 
batches; but .four batches (B1 through 
B4) were used because of the limited 
physical capacity of the mixing room. 
Three sections within the box, the ex¬ 
treme opposite ends and the center, were 
used. In each case, 53 indicates the in¬ 
nermost section of box—i.e., the section 
near the centerline of the wagon; 52 indi¬ 
cates the center section of the box; and 
51 indicates the outermost section of 



TABLE 15.3 FLOW CHARACTERISTICS OF A LIQUID THROUGH FILTER ELEMENTS (Readings are galloDs per hour mi> 
nus a constant) 


ss: 

t ' 

ss 

SSfeSS*® 

88 


88 

ssass 

pa 


^oS 

50 

51 

85 

30 

T6 

S2 


T6 

S2 

70 

23 

84 

14 

OQ 

65 

87 

25 

83 

pH 

CO 


CO 


00 

1>H 

3 

-66 

-30 

-43 

-39 

sg 



37 

50 

-4 

33 

S3 

552*8 


1 1 1 1 

JO Cl 
H CO 

93 

36 

41 

38 

H CQ 

23!SS3 

}P Cl 
Eh QQ 

oa CD lA e» 
CO Tf 55 CO 

CQ 


^4 

CQ 

66 

30 

29 

68 

QQ 

SS2® 

^ .—4 

pH 

CQ 

sssas 

3 

-160 

-60 

-100 

-42 

ss 

26 

17 

24 

29 

S3 

Cl >o go CO 
<o m CO 


1-H 1-H CD 
f-H 

H CO 

c« 00 m o 
uo to u5 eo 

1 i t 1 

^ Cl 
Eh CQ 

00 O wH 
CO ^ 

Cl 
Eh CQ 


;*• Cl 

Eh oq 

29 

8 

25 

54 

QQ 

lO >0 — 4 

1 to 

^4 

OQ 

21 

40 

29 

13 

QQ 


CQ 

lO CO • 

CO CO <-1 Cl 

LI 

S3 

S-opg; 

1 1 

L2 

S3 

lO oa to 
»H 1 d 

3 S 

Q >Q >0 C» 

25 00 -O* 

L4 

S3 

a oa Cl Cl 
CD CO CO -o* 

*0 N 
H OQ 

lO c» «o 

r-l lO >0 • 

I 

T3 

S2 

S*2S 

T3 

S2 

SJg82 

T3 

S2 

■H* «0 OO .-1 
to lO to CO 

CO 


.-1 

QQ 

86 

102 

45 

44 

00 

2g§?8 

1P-I 

CO 

pH 


0> <0 io CD 

ifH! 

1 1 1 1 

eo 

CQ 

1 vH 

s 

35 

24 

64 

35 

s 

63 

29 

48 

24 

T2 

82 

^ U3 0a O 
r-t no e5 

1 J 

T2 

S2 

255® 2 

1 

T2 

S2 

40 

16 

55 

57 

T2 

S2 

pH 

CO 

stsss 

CQ 

44 

89 

40 

20 

CQ 


QQ 



-115 

-88 

-96 

-69 

S3 

®2a“f 

£8 

sas2 


66 

84 

31 

36 

hS 

• 

qo N eo 
S Cl U3 O 

1 1 

HoS 

r* Q C4 C4 
t-4 oa t-H 

T1 

S2 

Cit Q to 

ID A wH ^ 

1 

T1 

S2 

21 

30 

31 

78 

in 

S^*®2 

QQ 

50 

47 

56 

108 

00 

t- « lO (« 
CP CO .-c ^ 

1-4 

QQ 

ssssa 

pH pH 


n n pq n 


ssas 






10M 




46 

61 

94 

67 

•v 

gg 

67 

59 

78 

35 

gg 



T6 

82 

46 

61 

42 

4 


Pgg 

1-H O CP Cp 
^ QO S ^ 


73 

21 

36 

5 


OQ 

gSSf:!S 


OQ 


QQ 

1 


gg 

^ 04 us to 
i> >o r<> 


sg 


gg 

30 

65 

35 

29 


T6 

S2 

33 

22 

46 

86 


fP 04 
t-t no 


£ 04 
H CQ 

QO g CO C4 


OQ 



OQ 

ssgss§ 

OQ 

1 

5l?3S2! 


OS 

OQ 

to 04 <0 ^ 

o5 to OS 


OS 

OQ 

S?g5SS® 

gg 

72 

64 

44 

21 


S *3 

H OQ 

— ' 'O ® eo 
os ^ 


^ 04 
H CQ 

28 

40 

53 

30 

S 04 
H CQ 



• 

QQ 

eo -t 04 04 
to i-t OS OS 


QQ 

CO to CD t- 
04 to.OS 

CQ 



L5 

S3 

45 

64 

10 

135 

S 

gg 

04 to 00 

OS CD eo *-1 

^•4 

1 

L7 

S3 

0» 1-H A CD 
O CO ^ ^ 


T3 

S2 

Q O 04 -t 

00 to CO O 


eo 04 
H CQ 

71 

105 

122 

70 

W 04 
H CQ 

35 

107 

85 

4 


1 

QQ 

64 

117 

80 

46 


QQ 

to 04 O CD 
0- 0» OS 

• 

OQ 

kC ^ O 

CD 04 i> 


gg 

C4 S S5 C? 

fiH 


OS 

GO 

00 *1 CO o 
OS 04 

bH 

gg 

1 

63 

-3 

23 



CO 1 -^ ^ 
04 00 M 


T2 

82 

o <-i US O 
00 00 C4 C4 

1 

T2 

82 

CO O 00 Q 
1*1 S ^ 

Si 

f-^ 

CQ 

04 

50 

41 

86 

* 

f>*4 

QQ 

to op OS ^ 
04 ^ '4« OO 

CQ 


5 

O 

gg 




(D *4* CO >-« 
Tfi bH ri 04 

CO 

CQ 

38 

10 

33 

35 

n 

• 

•n 

■iB 

r*« 
E-t OQ 

p:s*2 


T1 

82 

09 CO CD tCS 
^ iCS 

T1 

82 

00 lO ^ CD 

f-H d rH 

i 

TH 

QQ 



CQ 

SSfeg 

QQ 







P3 n n PQ 


S3! 
PQ pq m n 


1047 



TABLE 1S.4 ANALYSIS OF VARIANCE TABLE 


Source of variance 

Degrees of 
freedom 

Sums of 
squares 

Mean 

squares 

F 

F,05 

BETWEEN BATCHES (B) 

3 

105.54 

35.18 

4.39 

3.05 

BETWEEN LEVELS (L) 

6 

1697.07 

282.84 

35.29 

2.15* 

BETWEEN TIERS (T) 

5 

568.12 

113.62 

14.17 

2.27* 

WITHIN BOXES (S) 

2 

660.62 

330.31 

41.22 

3.05* 

B X L INTERACTION 

18 

321.09 

17.83 

2.22 

1.66 

B X TINTERACTION 

15 

79.74 

5.31 

.63 

1.72 

B X S INTERACTION 

6 

24.83 

4.13 

.51 

2.15 

LXT INTERACTION 

30 

366.03 

12.20 

1.52 

1.53 

L X S INTERACTION 

12 

710.95 

59.24 

7.39 

1.81* 

T X S INTERAITTION 

10 

100.16 

10.01 

1.25 

1.88 

B X L X T INTERACTION 

90 

652.02 

7.24 

.94 

1.35 

B X L X S INTERACTION 

36 

354.25 

9.84 

1.22 

1.49 

B XT X S INTERACTION 

30 

310.34 

10.34 

1.29 

1.53 

L X T X S INTERACTION 

60 

440.19 

7.33 

.91 

1.40 

RESIDUAL 

180 

1442.39 

8.01 



TOTAL 

503 

7833.40 

& 




box—the sections near the kiln wall. 
LI indicates the bottom layer on the 
wagon, and L7 indicates the top layer. 
T1 and T2 are the two tiers on the front 
end of the wagon; T3 and T4 are the 
two tiers in the center of the wagon; T5 
and T6 are the two tiers on the rear end 
of the wagon. The scheme for the Analy¬ 
sis of variance was therefore as follows: 
Main effects: 

Between Batches (.Bl through B4) 
Between Layers (Ll through L7) 
Between Tiers (Tl through 76) 

Within Boxes (SI through S3) 

First Order Interactions: 

Batch-Layer Interaction B x L 
Batch-Tier Interaction B X T 

Batch-Box Interaction B X S 

Layer-Tier Interaction L X T 

Layer-Box Interaction Lx S 

Tier-Box Interaction T X S 
Second Order Interactions: 
Batch-Layer-Tier Interaction B X LxT 
Batch-Layer-Box Interaction B X L x S 
Batch-Tier-Bc»t Interaction B X T X S 
Layer-Tier-Box Interaction Lx T x S 
Residual; B x Lx Sx T 

The works manager questioned the 
necessity for studying variance within 
a box. After all^ he argued, a box holds 


only 45 filters as against a wagon capac¬ 
ity of between 3,000 and 4,000 filters. 
The O.R. man answered by saying that 
all parts of the wagon could be ana¬ 
lyzed; besides, a remark by the techni¬ 
cian that at times he had noticed a very 
great difference in flow for filters within 
a box had convinced the O.R. man that 
a very minute study was in order. No 
further objection was voiced, and the 
group accepted the experimental design. 

The scheme of the design may be seen 
in Table 15.3. Table 15.4 shows the 
calculated results. 


6.9 CONCLUSIONS DRAWN FROM ANAL¬ 
YSIS OF VARIANCE TABLE 15.4 

In the last column of Table 15.4 
are shown F-values for 5 per cent 
levels of significance. The values with 
asterisks are also significant at the 1 
per cent level. As a basis for taking ac¬ 
tion, we have selected only those values 
which are significant at the 1 per cent 
level. We note, then, that the items 
which vary significantly from that nor¬ 
mally expected are Between Levels, Be- 
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tween Tiers, and Within Boxes for main 
efiFects, and one First Order Interaction 
—namely, Layer-Box Interaction. 

The important question raised at this 
point was what could be done to reduce 
the harmful conditions. 

First, it was noted that flow values are 
lower on almost all filters which are 
placed in sections 3 (-S3) within the box 
—that is, in sections along the center 
line of the wagon. The works manager 
said that this was because insuflicient 
oxygen was.reaching the inside sections, 
and that the condition could be remedied 
by leaving a small air space between the 
ends of the boxes, which were formerly 
abutted along the centerline of the 
wagon. This suggestion was acted on 
immediately. 

Second, it was noted that there is an 
abnormal condition between tiers, with 
the greatest difference Between tiers on 
the front end of the wagon and tiers on 
the rear end of the wagon. The conclu¬ 
sion here is that the difference is caused 
by differences in the heat-absorption 


qualities of different materials loaded on 
wagons in proximity to the filter wagon; 
the conclusion was to place the filter 
wagon between wagons whose contents 
are homogeneous. 

Third, a significant difference was 
noted between layers. An examination 
was therefore made of the variation in 
flow characteristic (averaged over all 
tiers) and layer number. The results are 
shown in Fig. 15.6. The curve shown is 
the best-fitting parabola. It will be seen 
that the flow characteristic is low on 
the bottom layer, increases to a maxi¬ 
mum at the center, and decreases at 
the top. 

There is a significant difference, at the 
5 jier cent level, between batches. Batch 
B3 seems to be the one out of line in 
both average value and range. The deci¬ 
sion was made not to use the formula 
for B3, since it was the costlier of the 
four batches used. 

It is believed that the abnormal layer- 
box interaction was significantly reduced 
by selected layer firing and by provid- 


FIG. 15.6 RELATIONSHIP BETWEEN AVERAGE VALVE 
OF FLOW CHARACTERl.STIC AND LAYER 
NUMBER OF BOX DURING KILN FIRING. 
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ing an air space between boxes. How> 
ever, no chance orose for testing this 
condusion. 


6.10 COKRELATION ANALYSIS OP PLOW 
CHARACTERISTIC BEFORE COAT¬ 
ING VS. FLOW CHARACTERISTIC 
AFTER COATING 

The purpose of the correlation 
analysis was to determine the 
minimum for the uncoated filter so that 
the finished (coated) filter would meet 
the minim um of 65 gallons per hour. 

A sample of 100 filters was selected, 
and each filter was flow-rated, uncoated 
—that is, at finish of stage 4. The 100 
filters were then coated and flow-rated 
again. The scatter diagram for the data 
is shown in Fig. 15.7. 

From Fig. 15.7 it can be seen that the 
relationship between uncoated and 
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coated filters is linear. The equation of 
regression is 

y = 1.005x -- 6.6 

where y is the coated flow, and x is the 
uncoated flow. The correlation was cal¬ 
culated to be r = 0.9549, so that = 
0.912, and therefore 91.2 per cent of the 
variability in coated flow can be ex¬ 
plained by the variability in uncoated 
flow. 

Thus, on the average, filters lose 
6.6 gph in the coating process. But, in 
order to calculate the minimum flow for 
the uncoated filter, we utilize the stand¬ 
ard deviation about the regression line; 
but, in turn the standard deviation is 
calculated from the variance, Vg, of the 
regression line. 

Vg={l-r^)S{y -v)yiN-2) 

= (0.0885 (4157.18)/98 
= 3.74 

s.d. = (!;«)*= 1.934 


FIG. 15.7 RELATIONSHIP BETWEEN PLOW CHARAC¬ 
TERISTICS OF UNCOATED AND COATED 
FILTERS. 




For an approximate 95 per cent con¬ 
fidence belt about the regreanon line, we 
would have parallel lines (1.96) (1.934) 
s= 3.8 unite (gph) vertically above and 
below the regression line. By extending 
a line parallel to the x-axis from the 
point on the y-axis at y = 65 gph to the 
lower confidence belt line, and by ex¬ 
tending a perpendicular line from the 
point on the lower confidence belt line to 
the x-axis, we see that the x-axis is 
touched at X = 75 gph. Thus, the mini¬ 
mum uncoated flow should be about 
75 gph. 


6.11 GENERAL CONCLUSIONS 

Briefly, the conclusions reached 
by the operations research team 
were as follows: 

1. There is no abnormal effect on the 
flow characteristic of filters as a result 
of operator differences.* 

2. Batch or mix differences, as far as 
it was physically possible to vary, do 
not abnormally affect the flow. 

3. The abnormal effects were due to 
positioning of the filter within the kiln 
wagon; the greatest were due to the 
main effect of position within a box. The 
effect of layer position was found to be 
significant; it was also found that the 
other contents of the kiln affect variabil¬ 
ity. 

Although the technical people who 
had developed the filter project were 
very competent, each in his own field 
of specialty, a comprehensive program 
for properly studying the over-all tech¬ 
nical operations was lacking; in particu¬ 
lar, a program was lacking for studying 
the relationships and interaction be¬ 
tween and within stages of the opera¬ 
tions. 


6.12 RECOMMENDATIONS 

Most of the reconunendations here 
noted were put into effect long 
before the study was completed. The 
team recommended: 

1. That an air space be provided be¬ 


tween the boxes, which were formerly 
abutted along the centerline of tto 
wagon. 

2. That the bottom layer on the 
wagon not be utilized for firing filters. 

3. That the filter wagon be pro¬ 
gramed between wagons with hmno- 
geneous material as far as possible. 

4. That, within the confines of present 
batch formulae in use, the lowest-cost 
mixing procedure be used. 

5. That the minimum flow for un¬ 
coated filters should be 75 gph. 

6.13 FOLLOW-UP 

About a year after the study, the 

O.R. man had a chance to talk 
with the works manager. The report was 
that, since the recommendations had 
been in practice, a very, very small per¬ 
centage of filters had been rejected, and 
that the cost and technical position had 
been greatly improved. 

7. THE APPLICATION OF SAM¬ 
PLING TO LCL INTERLINE SETTLE¬ 
MENTS OF ACCOUNTS ON AMERICAN 
RAILROADS, PROFESSOR C. WEST 
CHURCHMAN 

7.1 PERSON IN CHARGE OF O.R. WORK 

• 

Was trained in symbolic logic and 

philosophy of science, and has a 
Ph.D. in philosophy. Has devoted a 
great deal of effort and writing to the 
methodology of science and the analysis 
of concepts, especially in the social sci¬ 
ences. Acted as a mathematical statisti¬ 
cian for a U. S. Army Ordnance labora¬ 
tory during the war, and has written 
several expeditions of statistical methods 
for research workers. Is now in charge 
of Operations Research at the Case In¬ 
stitute of Technology, Cleveland, Ohio. 

7.2 THE TEAM IN CHARGE OF O.R 

WORK • 

This problem was suggested as a 

possible area of application of op' 
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erations researeh during discuMion 
between the Case Institute of Tech¬ 
nology and the Chesapeake and Ohio 
Railway. The problem is being studied 
by a team composed of members of 
Case's operations research group and 
members of the finance department of 
the C<feO. The interest and co-operation 
of the C&O administration and person¬ 
nel were largely responsible for the initi¬ 
ation of the project, and their persever¬ 
ance has carried it to its present stage 
of development. The C&O personnel are 
not responsible for any inaccuracies of 
fact or method that may appear here. 

The following persons are or have 
been involved in the research to date: 

One philosopher of science. 

One mathematician. 

One mathematical statistician. 

Two methods engineers, well versed in 
IBM (punched-card) procedures. 

Two auditors of revenue for the C&O 
Railway. 

In addition, other personnel have con¬ 
tributed advice and assistance from time 
to time. The “team” has never been for¬ 
malized to the extent of having any 
official recognition, since it is felt that 
a formalized team would quickly lead 
to an “in-group” and “out-group” atti¬ 
tude which would be highly unsatisfac¬ 
tory in the development of the project. 


7.3 ORIGIN AND ANALYSIS OF PROBLEM 

The American railroads settle ac¬ 
counts between one another at the 
end of each month by apportioning the 
total amount paid for the transportation 
of shipment between the participating 
railroads. Thus the Squeedunk and Cen¬ 
tral Railroad initiated a movement at 
Mihome Town. The S.C.R.R. hauled the 
freight to Co-op Junction and handed 
it over to the Tokj^o and Northwestern. 
The T&N continued the haul to Bridal 
Junction and transferred the freight 
to the Great Grand and Pacific. The 
G.G.&P. delivered the freight to ihe con¬ 
signee at Yurtown. The consignee at 
Yurtown paid the G.G.&P. the entire 
freight charges. At the end of the month, 
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the G.G.&P. must divide tlus freight 
charge appropriately and give to the 
S.C.R.R. and to the T&N their correct 
proportion. 

The innocent bystander might sup¬ 
pose that the meaning of “appropriate” 
in this connection could be defined in 
terms of the exact number of miles each 
railroad hauled the freight. But this 
would seem very naive to a well-bred 
railroader. First of all the S.C.R.R. hauls 
the freight over the Muddy Waters 
River, and for this the railroad receives 
an “arbitrary” amount in addition to 
the computed proportions. The T&N 
line between Co-op and Bridal Junction 
is not the shortest route; another rail¬ 
road has a shorter line between these 
points. The T&N is reimbursed on a 
“short line” basis—i.e., on the shortest 
railroad distance between the points of 
its haul. Finally, the G.G.&P. hauls in 
the southwestern territory of the United 
States, and is gil^en a “boost” rate of an 
additional 20 per cent. 

In general, the computation of the 
proper “divisions” between co-operative 
carriers is a complicated proce.ss, often 
involving expert clerical help. If the 
shipment happens to be “less than car¬ 
load” (LCL), the total freight amount 
may be as small as two dollars. Should 
an expert clerk spend several hours of 
his time computing the proper division 
of two dollars between a couple of rail¬ 
roads? Early in the 1930’s, when the 
depression raised problems of efficiency, 
many of the railroads decided that the 
use of clerks for LCL divisions was an 
uneconomical procedure. The solution to 
the problem, consisted of taking a whole 
year’s experience and arriving at a per¬ 
centage figure. This percentage is then 
used as a basis of dividing the total LCL 
freight amoimts of shipments in which 
two or more carriers contribute. Thus a 
year’s experience of the S.C.R.R. and 
the T&N may be that the S.C.R.R. re¬ 
ceived 58.26 per cent of the total freight 
amount of shipments initiated on the 
T&N, passing through Co-op, and ter¬ 
minating on the S.C.R.R. The total LCL 
freight amount received for any month 
of any subsequent year by the S.C.R.R. 
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of such shipments is now divided on a 
58.26 per cent and 41.74 per cent basis. 
Any percentage may be “checked” at the 
request of any of the participating rail¬ 
roads. 

This solution evidently saves clerical 
time, but it runs the risk of a loss of 
financial control. The “experience” of 
one year may not be the experience of 
the next, and probably is not the experi¬ 
ence of ten years later. But to check a 
“road-to-road” percentage requires an 
additional burden on the clerical staff, 
usually in the form of overtime. 

The first problem is: Can sampling 
methods be used to provide a sufficiently 
accurate estimate of the road-to-road 
percentages with a significant reduction 
in costs? 

The next operations research problem 
is: If sampling can be used, how shall 
it be installed in the railroad industry 
with minimum confusion and maximum 
savings? * 


7.4 PLANNING THE FIRST TESTS 

In order to translate the railroad 

problem into a sampling problem, 
consider the nature of the population. 
The physical items are waybills, on 
which are recorded the total charges, a 
waybill number, route, weight, com¬ 
modity, and so forth. The population of 
data which interests us is the dollar 
amounts due to the S.C.R.R. and to the 
T&N. (For the purposes of simplifica¬ 
tion, we consider settlements between 
two railroads only.) These dollar 
amounts are not shown originally on 
the waybills and must be calculated. 

A number of sampling schemes are 
possible, including a random sampling in 
terms of waybill number. But it is now 
customary for the railroads to punch the 
waybill information into IBM cards, so 
that various methods of sorting the 
total population of physical items can 
be accomplished cheaply. It is reason¬ 
able to suppose that the dollar amounts 
due each railroad vary directly with the 
total freight amount. Hence waybills 
showing a small total charge are prob¬ 


ably less important than waybills with 
larger total charges. This suggests a 
stratified sampling scheme. The divisions 
of the strata can be roughly estimated 
by plotting a histogram of the total 
freight amounts and making a first esti¬ 
mate of the proper dividing lines. 

In general, accuracy will increase if 
the number of strata is increased. For 
example, in addition to stratifying the 
population by total freight amounts, 
one might also try a commodity strati¬ 
fication, or a stratification by zones on 
the originating and/or terminating car¬ 
rier. But each additional stratification 
increases the cost of handling the items 
and the consequent risk of inaccuracy. 

The first test consisted of determining 
whether a stratification by total freight 
amount would alone yield satisfactory 
accuracy. The histogram of these 
amounts indicated that most items fall 
below $10, but that by far the greatest 
contribution to the dollar volume lies 
above $10. This relation of item to dollar 
volume is quite common in industry and 
might be called the Inverse Dollar Law. 
The following strata were used as a 
basis of test: 

Total freight amounts betuoeen 

Group I $ 0 and $ 4.99 

Group II S 5.00 and $ 9.99 

Group III $10.00 and $19.99 
• Group IV $20 00 and $40.00 
Group V over $40.00 

The relative percentages to be sampled 
in each stratum can be determined by 
textbook formulae for optimum stratifi¬ 
cation. Such formulae require the errors 
of the sample estimates within strata, 
which will be discussed below. It is not 
feasible to use the exact percentages 
recommended by optimum stratification 
because of the difficulties in drawing the 
sample. The following “compromise” 
percentages were used instead: 

Group I 6% 

Group II 10% 

Group III 20% 

Group IV ,50% 

Group V 100% 

These percentages can be scaled upward 
or downward, depending on the recom- 
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mended amount of si^pling in terms of 
costs and risks. The last group is worthy 
of comment. In populations of the type 
under consideration, there will be a 
long “tail” in the distribution; erratic 
amounts up to $200 or over may occur. 
The only feasible procedure seems to be 
to include all these items, since the cost 
of sampling depends on the number of 
items, and the erratic items are not 
frequent. 

The design of the test requires a 
method of dramng the sample. The 
waybills are numbered, and, in general, 
are pretty well scrambled by the tiq^e 
they reach the auditor’s office. This situ¬ 
ation suggests sampling by ending digits 
of the waybill number. The Interstate 
Commerce Commission has sampled car¬ 
load waybills by this method for the 
last seven years in estimating various 
railroad traffic statistics. They have 
found that, in general, waybills num¬ 
bered 1 or ending in 01 yield a random 
sample. Exceptions occur when the 
agents at stations are given small blocks 
of waybill numbers (e.g., the agent may 
number up to 50 and start again). If 
any doubt as to randomness occurs, the 
waybills may be selected by a random 
process on an IBM sorter. If we assume 
no bias in a systematic sample, the fol¬ 
lowing procedure can be used: 

Waybills ending in * 
Group I 02,22,42,6232 (including num¬ 
ber 2) 

Group II 2 
Group III 2 and 4 
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Group IV 01 to 50 (including numbers 
1 to 9) 

Group Y any digit 

Samples drawn in this manner will yield 
approximately the percentages given 
above. 


7.5 RESULTS 

The results of the test can best be 
explained by an example. F^re 
15.8 is typical. Let ij denote the way¬ 
bill in the Group. The column headed 
Z Xu = actual T&N dollars represents 
i 

the amounts to be estimated by the sam¬ 
ple. That is, if only sampling were used, 
the 2 Xii column would not be filled in, 
i 

but would be estimated from the rest of 
the data. We let 2 Yu represent the sums 

i* 

of the actual freight amounts, 2 xa the 

i 

dollars due the T&N from the sample 
waybills only 2 y^, the freight amounts 
i 

of the sample waybills. 

Thus if sampling were used, we would 
have 2 F,-,, 2 and 2 for each group. 

i } } 

We would also have Ni, the total number 
of waybills, and Ui the number of sample 
waybills, for each group. 

Two methods of estimating 2 are 

} 

commonly used. The first consists of 
“blowing up” the sample 2 xt, by the re- 


FIG. 15.8 TYPICAL RESULTS OF SAMPLING TEST. 


Freight 

amount 

group 

Number of 
waybills 

Total freight 


T&N Share 


Popula¬ 

tion 

Sample 

2F« 

3 

2v<y 

3 

ZXii 

3 

Zxii 

3 

Difference 


3672 

186 

$6658.51 

$ 488.84 

$4252.47 

$4306.86 

+$54.38 


818 

72 

5663.40 

497.99 

253732 

2576.19 

+37.37 


306 

82 

5445.99 

1097.57 

2506.02 

2575.65 

+69.63 


119., 

51 

3148.32 

1382.82 

1426.66 

1421.71 

-4.96 

5 

42 

42 

2370.54 

2370.54 

1070.22 

1070.22 

0 

Totals 

5046 

433 

$26,286.76 

$6837.76 


$11,949.62 

+$156.43 
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ciprocal of the sample ratio. This “linear” 
estimate is based on the formula 

Linear est. of 2 'X, j = —; 


J A 

where X is the sample ratio. In our case 
Xi = 0.05, Xj = 0.10, X» = 0.20, X 4 = 0.50, 
= 1 . 00 . The variance of this estimate 
would be the variance of 2 x„ divided 

by X*. 

The other method of estimating is 
called the ratio estimate, and consists of 
projecting the sample 2 ! z,-,- by the ratio 

i 

of the actual freight amount to the sam¬ 
ple freight amount: 

SF., 

Ratio est. of Z Xij = ^ -Z i<, 

J 2 Vi] 

The ratio estimate has a smaller variance 
than the linear estimate provided the cor¬ 
relation between and F,-, is large 

enough. Specifically, let p be the ratio of 
Z Xt, to Z F„ (i.e., the proportion due to 
} » 

the T&N). Then the ratio estimate is 
more efficient than the linear estimate 
provided. 

pxY > 2 

From the data in Fig. 15.8, Group 1: 

«jr„ =* 0.42; = 0.77 

Z Xi, = 4252.47; Z F„ = 9668.51 

^ /3 = 0.445 

Hence, if the ratio estimate is preferably, 
we should have 

PXY > 1/2(0.445) (0.77/0.42) 

= 0.40 (about) 

For Group I 

pxY “ 0.80 

which indicates that the ratio estimate is 
preferable in this case. Similarly, it will 
be found that the ratio estimate is more 
efficient in each of the other groups. 


The standard deviation of the overfull 
estimate of Z Z X^ can be obtained by 

» 3 

adding up the variances of the estimates 
of Z Xij for each group (the variance for 
i 

Group V being aero), and taking the 
square root of the result. In the case of 
the study reported in Fig. 15.8, the stand¬ 
ard deviation of the ratio estimate of 
Z Z Xij was *101.65. 

» 3 


7.6 RECOMMENDATIONS 

In order to show that sampling is 

feasible, some cost estimates are 
required. The unit of cost is not the 
waybill itself, but the so-called “station- 
to-station” combination. All waybills of 
shipments originating at Station A on 
the T&N and following the same route 
to Station B on the S.C.K.R. can be 
grouped together for purposes of com¬ 
puting divisions of revenue. For the 
complete count there were 2,512 station- 
to-station combinations (i.e., roughly 
one-half the number of waybills). In the 
sample there were 275 station-to-station 
combinations. Thus sampling avoids 
consideration of 2,512 — 275 = 2,237 
combinations. Suppose (on the conserva¬ 
tive side) that on the average it costs 
20 cen^ to consider each combination. 
The sample therefore saves (0.20) 
(2237) = $447.40. The maximum error 
of the sample would be three times the 
standard deviation—that is, $304.95. 
Thus even the worst possible interpreta¬ 
tion of the results indicates that sam¬ 
pling saves money. The saving may seem 
small, but when one considers that each 
major railroad may have as many as 
2,000 road-to-road percentages to con¬ 
sider, even $100 savings on each study 
may add up to tremendous over-all sav¬ 
ings. 

If one looks at the problem, the ad¬ 
vantages of sampling are much greater 
from the point of view not of maximum 
error, but of average error. Suppose that 
any error due to sampling which consti¬ 
tutes a loss to the company is charged 
directly as loss, whereas any deviation 
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which constitutes i gain is regarded as 
“fortuitous” and is not credited in the 
company’s profits. What is the predicted 
long-run loss under such a policy? If the 
sampling errors follow a normal distri¬ 
bution with zero mean, then the prob¬ 
lem is one of determining the average 
of all minus deviations. The answer is 
or about O.So-. In our case, or is 
estimated by a to be $101.65, and the 
average loss is therefore less than $85. 
Thus sampling would constitute a large 
gain over the complete count. As men¬ 
tioned above, the average savings of the 
sample over the complete count for pop¬ 
ulations of this size is about $450 and 
the sample error averages only $41. The 
sample therefore would save over $400, 
and sampling in general would consti¬ 
tute a tremendous gain. 

But why should a company regard 
the “plus” sample deviations as fortui¬ 
tous? If sampling of accounts becomes 
an industry policy, what is the expected 
loss for any one industry? The answer 
is zero! What governs the size of the 
sample, then? The only sensible answer 
seems to be that the sample size should 
be large enough so that no one month’s 
sample results would “embarrass” the 
company financially. Even large devia¬ 
tions will “balance out” in the long run. 
That is, the percentage error approaches 
zero as the volume in dollars becomes 
larger and larger. The actual dollar error 
increases without limit, but the dollar 
saving of sampling over complete count 
also increases without limit. Since most 
large railroads would never be critically 
embarrassed by LCL sampling losses, we 
could tolerate a much smaller sample 
size than the one used in the test. 

Those familiar with the mathematical 
models of operations research will won¬ 
der why no cost equation has been set 
up to determine optimum sample size. 
The answer is that industry has not yet 
thought enough in teime of "expected” 
profits and losses as opposed to “actual” 
profits and losses. Three possible atti¬ 
tudes have been mentioned that the ac¬ 
countant might adopt with respect to 
the use of sampling for settling accounts. 
He might charge against sampling the 
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largest unfavorable error (e.g., three 
sigma) or the average unfavorable error 
(0.4<r), or no error, the sample size in 
the last case being based on the largest 
tolerable monthly or yearly error. 

The third attitude seems most reason¬ 
able, and if it were adopted by industry 
a far smaller sample size could be used. 
But the first attitude, which is actually 
the least reasonable, is the one that 
many auditors of accounts will regard 
as "realistic.” They will want to know 
how much deviation could occur at the 
very outside on any one month’s trial. 
As one auditor of revenues said, “I am 
here to guard against any loss of revenue 
to the company; if a large unfavorable 
sampling error occurs, I have failed in 
my duty to the company.” For this rea¬ 
son, it seems wise during the “selling” 
period to adjust the sample size to the 
“unreasonable” but actual psychology. 
As industry becomes used to the very 
important ide'k behind sampling, it 
should also become more and more 
amenable to the zero loss but minimum 
monthly-risk philosophy. In any case, 
sampling may very well establish an 
entirely new outlook on accounting con¬ 
trols; perhaps “penny accuracy” will be 
replaced by “dollar risk” properly ad¬ 
justed to the errors of estimates. 

It should be emphasized here that the 
reduction in volume of items often 
makes the sample more accurate than 
the complete count. The sample con¬ 
tains fewer items, and these can be 
scrutinized more carefully; further, the 
statistical computations are subject to 
fewer errors. But this oft-quoted ad¬ 
vantage is not nearly so important as 
the new attitude toward real profits 
and losses that sampling engenders— 
namely, what does it cost to keep accu¬ 
racy at a given level? At this date, we 
have shown that sampling will work in 
many industrial settlements. New road- 
to-road LCL percentages have actually 
been established between two roads on 
a sampling basis. But the real operations 
research job of lulling still lies ahead— 
not merely selling with respect to sam¬ 
pling LCL accounts, but with respect 
to the many other areas of industrial 
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operation where sampling is far more 
efficient than the complete count. 


8 . OBTAINING MAXIMUM EFFI¬ 
CIENCY FROM A BARBER-COLMAN 
SPOOLER, ALLAN ORMEROD AND WALTER 
S. BONDHELM 

8.1 PERSONS IN CHARGE OF O.R. 

Allan Ormerod, an Associate of 
the Manchester College of Tech¬ 
nology in Mechanical Engineering, 
A.I.Mech.E., and A.M.I.Prod.E., has 
had experience in both the engineering 
and cotton textile industries and was 
formerly Chief Design Officer, Arma¬ 
ments Design Department, Ministry of 
Supply. He is the weaving manager of 


Ashton Bros. A Co., Ltd. Walter S. 
Sondheim, M.Sc.Tech. (Manchester), 
A.M.C.T. and A.T.I., is the textile tech¬ 
nologist of Ashton Bros. & Co. Ltd. Both 
authors are actively interested in the 
improvement of technical knowledge in 
the cotton industry; both have con¬ 
tributed papers on various a.spects of 
the industry to various societies; and 
both are members of the Lancashire Sec¬ 
tion Committee of the Textile Institute. 


8.2 ORIGIN OF THE PROBLEM 

Through analysis of operating re¬ 
sults, the technical management 
decided that increased output and 
reduced costs might be obtained by 
reorganization. 


PIG. 15.9 KNOTTER HEAD. 
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8.3 STATEMENT OE THE PBOBLEM AND 
analysis: ST7MMABY: 

(1) To obtain increased output 
of Barber-Colman spools required 
for high-speed warping. 

(2) To determine the sensitivity of 
operator hours per pound (weight) and 
cost to machine size and supply package 
size. 

(3) To obtain conditions where capi¬ 
tal elements and direct labor elements 
of costs could be simultaneously mini¬ 
mized. 

(4) To organize spooling quantities 
and supply packages to approach as 
near as possible to this optimiun. 


8.4 DESCRIPTION OP EQUIPMENT 

Three views of the machine are 
shown in Figs. 15.9, 15.10, and 

15.11. 

A. Functions 

1. To aggregate a large number of 
spinning packages (ring tubes or bob¬ 
bins) onto a package known as a spool 
in order to present a larger package at 
the next process. 

2. To remove major imperfections 
from the yarn as received from the 
spinning room. 

B. Machine particulars and speeds 

1. Bobbin pockets and winding units 
are situated along both sides of the 
spooler. 


FIG. 15.10 BARBER-COLMAN SPOOLER. 
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2. Machines varying in size between 
90 and 306 winding stations in units of 
18 stations are available. 

3. A traveling knotter head is driven 
automatically around a continuous track 
on top of the spooler; semicircular sec¬ 
tions are provided to enable it to turn at 
each end. 

4. The knotter-head linear speed is 90 
bobbin stations per minute. It is inoper¬ 
ative for 0.30 minutes at each end of 
the spooler for its change of direction. 

5. After each circuit, the knotter head 
may be stopped for up to 0.60 min¬ 
utes. 

6 . The machine is divided into four 
“quarters” to enable four types of yarn 
to be wound simultaneously. 


7. Belt conveyors deliver empty and 
partly empty ring tubes to four separate 
reject trays at the end of the machine. 

C. Operation particulars (Fig. 16.14) 

1. Knotter headstock 

a. Stops rotation of spool. 

b. Calipers spool to determine 
whether spool has reached minimum 
size. 

c. If spool has not yet reached mini¬ 
mum size, it locates the end of the yam 
on the spool by pneumatic means, and 
the end of the newly loaded ring tube 
by mechanical means; it also ties a 
weaver’s knot and at ttxe same time con¬ 
trols the tension to prevent snarls from 
forming. At the same time, it transfers 
the ring tube in the bobbin pocket to 


FIQ. 15.11 GENERAL VIEW OF BARBEB-COLMAN 
SPOOLER. * 
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the winding position and lowers the 
spool onto the winding drum. 

d. If the spool has reached the mini¬ 
mum size, it is not tied up to the newly 
loaded ring tube; the end of the ring 
tube is left in the locating grip, thus 
indicating to the operator that the spool 
is full. 

e. When the full bobbin is transferred 
to the winding position, the bobbin in 
the winding position is ejected onto the 
belt conveyor for transport to the reject 
trays. 

2. Winding 

f. The yarn is wound at a speed of 
1200 yards per minute. 

g. Several adjacent spools are handled 
simultaneously by the winding head, re¬ 
sulting in a loss of production equal 
to 94 yards per knotter-head cycle (7 
spools are noneffective during the actual 
knotting—not circuit—time). 

h. The maximum length of package 
which can be unwound on the spooler 
depends on the number of its winding 
stations and the period (maximum 0.60 
min.) during which the knotter head is 
stopped after each cycle. 

i. After all the yarn has been wound 


from the bobbin, or whenever the yam 
breaks during the unwinding, the spool 
is thrown off the winding drum. 

j. If the knotter head reaches a sta¬ 
tion before the package tied during the 
previous cycle has been wound, the 
knotter head is stopped and has to be 
restarted manually. 


8.5 ANALYSIS OF THE PROBLEMS 

The spooler attendant’s duties 

and standard time in minutes are 
shown in Table 15.5. 

Only one solution of optimum ma¬ 
chine size w'ill give maximum operative 
efficiency for each team complement for 
a particular spun package content—^i.e., 
count and length. This maximum opera¬ 
tive efficiency may occur at a relatively 
low machine efficVcncy. Since prime cost 
is a function of both labor and machine 
costs, it is clearly desirable to arrive at 
a solution in which both optimum con¬ 
ditions obtain—i.e., the operator is 
w'orking consistently at an ^ and the 
machine is operating with zero dwell and 
arriving at each winding station for 


TABLE 15.5 SPOOLER ATTENDANT’S DUTIES AND STANDARD ELEMENTAL 
TIMES* e 


Group element 
No. 

Details of operation 

Standard times 
observed 

1. 

Take hold of ring tube from supply trough situated 
below the bobbin pockets, locate the thread, place 
the bobbin in the bobbin pocket and assemble the 
thread to locating grip. 

0.040 

2. 

Remove full spool from spool holder, place on tri¬ 
dent peg on truck, pick up new “starter coie’’ from 
truck and place on spool holder. 

0.150 

3. 

Remove truck containing 15 full spools to loading 
table, slide off tridents onto roller table, and slide off 
starter cores. 

0.400 

4. 

• 

Sort out empty bobbins from bobbin troughs and 
place on conveyor. 

0.110 

6 . 

Empty tray at frame ends and remove reject bob¬ 
bins for re-insertion into pockets. 

0.020 


* Titnea in minutM ‘dadninla of n minute. 
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knotting at the precise moment when 
the previous tube winds off. 

For maximum machine utiliisation: 

1200 + 0.60Z), + 0.63^(i) 

where P = ring tube package content 
in yards 

AT = number of winding units on 
the machine 

D/ = fractional dwell setting. 
(Max, setting = 0.60 min¬ 
utes) 

For maximum operator utilization: 

N 

P - 1200- 
n 

(80 rate time to handle one bobbin and 
all associated functions for that bobbin) 

where n = number of spooler operators 
per machine. 

From the basic work study data, the 80 
rate time was shown to be: 


0.84 


[^0.04(1 + K) 


w . 


where 

TFk = bobbin weight in lb. 

W, = spool weight in lb. 

K = a, proportionality constant to cover 
elements 4 and 5 and is found to be 0.08 
for a wide range of conditions. 


It can be shown that both conditions can 
be maximized when the following equa¬ 
tion is satisfied: 


O.OOOOOAT* 


- 0.5523n - O.OllliSTn 
0 . 0493 ;^ 


+ 0 . 03632 ;^^ + 


0 (iii) 


where all symbols are as before and C is 
the yam count spooling. 

Figure 15 12 shows the optimiun com¬ 
binations of ring tube capacity and 
machine size (number of spools per 
machine) for each count in the range 


lOs to 50s. Under no other circum¬ 
stances is it possible to obtain 100 per 
cent machine utilization and 100 per 
cent operator utilization. 

Viewed from another aspect,.a curve 
was plotted of the corresponding opti¬ 
mum bobbin content for a range of 
counts, each bobbin content correspond¬ 
ing to a particular machine size. An 
empirical equation was deduced from 
these curves (one for 3 spooler opera¬ 
tors/machine and one for 4 spooler op¬ 
erators/machine) . 

Where n = 4 

W, Opt. bobbin wt. (lb.) 

"" (io0.0312C -1- 0.4722) 

Where n = 3 

^ "" (,00.02720 + 0.5496) 

8.6 CRITICAL APPRECIATION OF ORIGI¬ 
NAL INSTALLATION 

The spoolers originally installed 

were 126 spooler units winding a 
package of 0.140 lb. weight and an aver¬ 
age count of 15s (i.e., approximately 
1700 yafds). The three operators per 
spooler were fully utilized but machine 
efficiency was low, because the spools 
ran out long before the circuit was com¬ 
pleted. Machine efficiencies somewhat 
lower than 65 per cent were being ob¬ 
tained, because of shortage of length on 
the ring tube. 

Fig. 15.13 shows that 100 per cent 
machine utilization is obtained at zero 
dwell condition on a 126-unit spooler on 
15s counts using a package of 0.19 lb., or 
approximately 2300 yards. Thus the ring 
tubes were too small for efficient opera¬ 
tion. Figure 15.12 shows that optimum 
conditions could be achieved with a 126- 
unit spooler on 16.75s coynts with a 
package of 0.165 lb. and 3 spooler at¬ 
tendants per machine. If the existing 
machine were to be used, an increase in 
required package size of some 18 per 
cent was clearly indicated. 




10 20 30 SO 

COUNT SPOOLING (C) 


FIG. 15.12 OPTIMUM COMBINATIONS OF RING TUBE 
CAPACITY AND MACHINE SIZE. 
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PIG. 15.13 CHART FOR MAXIMUM MACHINE UTILI¬ 
ZATION OF BARBER-COLMAN SPOOLER. 


10M 


















1064 


INDUSTRIAL OPERATIONS RESEARCH 




rmw or tabu, bobbins, awp spools thhouch babber-couiaw spooleh sectiom 






Code 

OfNir^ton, Stortge, eU. 







A 

Yorn on ring tuDe (bcMiln) received tnm 



\ 

► 




Spinning Room or Store In skip 



m 

■ 



A 

Ynrn emptied from sUp Into suf^ljr trough 

Definitions. 

( 





of B. C. Spooler. 




c 


/ 

S 

Bobbins stored In trmigh. 

Bobbin 

m lockage onto which yarn is spun 



c 



Empty spool (conUlntng starter core) transferred 

^M>ol 

w package onto which yarn Is wound from 




r 

B 

bobbin and which in turn Iv used for 






from trident on truck to spool holder of spooler 


supplying next process (The winding 
is carried out on the Barber-Colman 





B 

Dobbin taken from trough, placed in bobbin pocket 
and end in locating grip 


Spooler). 



□ 

B-C 

Knotter head ties end taken from loealtng grip to 

Codes, 







end of yarn already on spool and places spool Into 





r 


winding position 

A 

a Operations carried out by auxiliary l^r 

( 


i 


B-C 

Yarn ia pulled off bobbin, Is passed throu^ 
cleaning end tensioning i^vice, and is wound on¬ 
to spool Winding ceases rither when all yarn 

B 

a Operations carried out by Barber-Colman 

Spooler attendants. 






has been wound from bobbin or when yarn breaks 

B-C 

s <^rauon8 carried Mt by pooler. 

Mi 

\m 


B-C 

Empty and part-empty bobbins are placed during 

S 

■ Storage 





next cycle on conveyor and transported to emptlea 







tray 




■ 



B 

IHu't-emply boUiins arc taken from tray and returned 

JiBj: 







lo trough prior lo replacement Into bobbin pockets 

• 

Full bobbin 





B 

Empty boMiine are released from triy Into skip for 
return to ginning Room 


Part-empty bobbin (Partly unwound before yarn broke) 



1 


B-C 

Spool is calipered and when the required minimum 

Slat hai been reached knotter head passes U wtihout 
tying not Signals to Miendant that spool is lull 

o 

■ 

Empty bobbin 

Full spMl. 

O 



B 

Spool is removed from holder (replaced by empty) 

□ 

Empty spool (rontslnlng started core onto which fresh 
yarn can be tied) 






and placed on trident peg on truck 







Ihtll spool remaJna on truck until trident has been 
filled with 15 spools. 


Path of full bobbins or spools of yarn from bobbin 







lo spool 

Path of part-empty bobbins. 






B 

Truck containing trident with 15 lull apoola Is 
whailed to storage table 







— 

P^th of en^y bobbins. 





B 

Trident slid from truck onto losing tsble (aiwl 
replaced by trident with 15 empty spoola). 






1 

S 

Tarn on apoola cm trident awaits transport to next 
process. 1. e , the Barber-Colman Speed Warper. 




FIG. 15.14 FLOW OF YARN, BOBBINS, AND SPOOLS 
THROUGH BARBER-COLMAN SPOOLER 
SECTION. 


8.7 EXAMINATION OP THE CONDI¬ 
TIONS UNDER WHICH CAPITAL 
ELEMENTS AND DIRECT LABOR 
ELEMENTS OF COST COULD BE 
SIMULTANEOUSLY ESTABLISHED 
AT OPTIMUM VALUES 

This change makes the best of 
the original installation but falls 
far short of the ideal These machines 
are made in sizes varying between 90 
and 306 winding stations in units of 18 
stations. If the capacity/cost curvr for 
this range is Examined, it will be found 
that the cost per unit capacity is £89.6 
per winding station for the 90-unit size 
and only £48.7 for the 306-unit size. This 
represents a reduction of 47.8 per cent 


in cost per unit of capacity. It will also 
be found by extrapolating the capacity/ 
cost curve that the zero unit size cost 
would be £5,120, since the mo.>t com¬ 
plex part of the machine (i.e., the travel¬ 
ing knotter head) is as essential for one 
winding station as for 306. The 4-opera¬ 
tor solution will, therefore, be cheaper 
than the 3-operator solution. In other 
words, the optimum is achieved at the 
nearest size to 306 winding stations, at 
which both operator and machine utili¬ 
zation can be maximized simultane¬ 
ously. It followed that for winding 15s 
counts, the 216 spooler winding from a 
package weighing 0.30 lb. with 4 spooler 
operators per machine provided opti¬ 
mum conditions. The comparison be- 










TABLE 15.6 COMPARISON OF POSSIBLE CHANGES IN OPERATION OF KNOTTER 
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tween the results of the first improve- 9 . an original system of pro- 


ment—i.e., to maximize the efficiency of 
the existing 126-unit equipment without 
changing it—and the maximum effi¬ 
ciency possible is shown in Table 15.6. 


8.8 APPLICATION to LOCAL CONDI¬ 
TIONS AND INTEGRATION WITH 
SPINNING UNIT 

The maximum size of spinning 
package that is considered desir¬ 
able in view of technical spinning re¬ 
quirements was 0 25 Ib. The nearest 
practicable solution under these condi¬ 
tions, as indicated by f'ig. 15.12, is to 
increase the spooler to the 198-unit size 
with 4 spooler attendants. This will give 
100 per cent operator utilization and 
100 per cent machine utilization on an 
average count of 16s and zero dwell. 


8.9 CONCLUSIONS AND RECOMMENDA¬ 
TIONS 

1. To install frames capable of 
producing packages of 0.26 lb. and 
to increase the existing spoolers from 
126 to 198 units. 


8.10 FOLLOW-UP 

1. The scheme was submitted to 
the board for sanction of capital 
expenditure. 

2. Sanction having been obtained, the 
detailed specifications of spinning and 
spooling equipment were draw'n up and 
orders were placed. 

3. The spinning equipment has been 
partially installed, the spooler equip¬ 
ment modified, and the staffing reorgan¬ 
ized. 

4. Target protluction on the whole 
spooler has not yet been obtained, but 
where the larger packages are in use, the 
individual spindle productivity is ap¬ 
proaching the expected value. 


DUCTION CONTROL IN A STEELWORKS, 
STAFFORD BEER. 

9.1 PERSON IN CHARGE OF O.R. WORK 

Educated on classical lines, spe¬ 
cializing in logic and metaphysical 
philosophy, with subsidiary studies in 
psychology. Trained in personnel selec¬ 
tion in the Army, investigations in edu¬ 
cation and psychiatry; year and a half 
training course with the United Steel 
Companies Ltd., followed by appoint¬ 
ment as personal assistant to the Com¬ 
mercial Maanger at S. Fox & Co. Ltd., 
one of the branches of the United Steel 
Companies Ltd. Interest in the applica¬ 
tion of statistical methods to systems of 
control led to an analysis of the existing 
system at Fox’s with recommendations 
toward the plan described below. Cur¬ 
rently, Productidli Control Officer in 
charge of the general introduction and 
control of the system described, with 
direct respoi.ibility to the General 
Works Manager. 


9.2 SOURCE OF THE JOB 

At the branch concerned (S. Fox 
& Co. Ltd.), special alloy, stainless 
and carbon steels are manufactured by 
the open-hearth, electric-arc, and elec¬ 
tric high-frequency processes. A great 
variety of products is made from these 
various steels in addition to billets and 
bars—for example, sheets, strip, wire, 
and springs. 

The problem was to improve the sys¬ 
tem of production control for this higher 
complexity. The objects were: 

1. The most economic planning of 
output, securing the highest possible 
level of machine utilization consistent 
with the least possible deviation from 
the cheapest possible process routes. 
This would lead to— 

2. Important knowledge of flow, 
which would give shorter and more accu¬ 
rate deliverj' promises and improved 
reputation among customers for reliabil¬ 
ity. 
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3. Increasing productivity, with re¬ 
duced costs. 

4. Greater general knowledge of the 
process, leading to better decisions by 
management. 

These potential benefits were so great 
that the top management agreed on the 
installation of a pilot scheme to test the 
theory propounded. The manufacture of 
cold-rolled steel strip was chosen as typi¬ 
cal of the extremely mixed production, 
over which detailed control w'as difficult 
to establish. 

The General Manager placed the proj¬ 
ect, and the w'riter, under his personal 
supervision, for the duration of the 
experiment. 

9.3 ANALYSIS OF THE PROBLEM 

The stages of production involved 
in this study v«ere: pickling (in 
which thick hot-rolled strip is cleaned 
in passing through a bath of acid), nor¬ 
malizing and annealing (in both of 
which metallurgical changes occur by 
heating in a continuous furnace), cold¬ 
rolling (in which the thickness of the 
strip is reduced on a number of different 
mills), grinding (where the strip is 
passed through a stationary machine), 
and slitting (where the wide thin strip 
is un-coiled through cutters, and recoiled 
onto a number of narrow drums). In 
each ca.se, the limiting factor on output 
is the speed at which the machine can 
be run. 

Cold-rolled strip is ordered by weight. 
By combining this weight with the width 
and thickness ordered, and by grouping 
narrow widths into optimum roiling 
widths (making due allowances for dis¬ 
card), the length in feet of any job may 
be calculated. Expressing this as a func¬ 
tion of speed, a basic "running through” 
time measure may be obtained. 


This basic measure is subject to a 
number of modifications: handling 
times, delays of various kinds, and so on. 
Further, more than one "pass” through 
a mill may be necessary to achieve the 
desired result. Even if all these factors 
can be accounted for, any list of com¬ 
ponent times may be incomplete, so that 
the constructed total time, which adds 
together known components, may not 
correspond with the actual time taken 
when the job is done. Unknown factors 
may enter into the equation. 

If the ratio of constructed time to 
actual time is constant, it will be possible 
to make an accurate forec.ist of actual 
time by multiplying constructed time by 
the reciprocal of this constant ratio. 

In addition to this forecasting func¬ 
tion, the ratio is a measure of produc¬ 
tivity, provided that all proper al¬ 
lowances of time have been made in 
computing the artificial time, since the 
difference between constructed and ac¬ 
tual times is a measure of lo.ss, which 
may be due either to technical factors 
or to factors of human inefficiency. Of 
these two types of loss, the technical 
factors (machines running at low .'speeds, 
breakdowns, and so on) are fairly easily 
measured. Hence a second constructed 
time may be computed to include them; 
its discrepancy from actual times will 
measure the element of human ineffi¬ 
ciency. 

Following suggestions made by the 
Anglo-American Council on Productiv¬ 
ity, the better constiucted time is called 
the "objective standard” {OST). The 
worse constructed time, which add-s on 
the current technical losses, is called the 
"current standard” {CST). The re¬ 
corded time from the shop floor is called 
the "current actual” (CAT). Thus a 
triple index of productivity is created, 
which is expressed in this way: 


lOOOST 

CST 


Current Technical Index (CTI) 

* 


100C>ST 

CAT 


= Labor Utilization Index (LVI) 


CTI X LUl lOOOSr 
100 * CAT 


Productivity Index {PI) 



10M 


INDUSTRIAL OPiRATIOm RESfARCH 


Since this index is fonned from differ¬ 
ences, it is independent of the viciKi- 
tudes of time study. Ideal handling times 
have to be assessed for use in the OST 
and CST, but these are more readily 
decided than actual handling figures. 
Should they, even so, be inexact, and the 
index therefore inaccurate, the forecasts 
will still be correct, because the error 
committed in the analysis is repeated in 
the productivity index. When the fore¬ 
cast is made, the second error eliminates 
the first. 

This was the basic theory behind the 
proposed scheme. Forecasts would be 
made by weighting the objective com¬ 
putation of time to be taken by an 
actual measure of inefficiency. 

9.4 GROUNDWORK 

Two problems had to be tackled. 

First, by consulting with techni¬ 
cal assistants and foremen in the shop, 
an insight into the processes had to be 
obtained and the objective and standard 
factors had to be agreed on. This was 
done, and a mathematical model of each 
process was constructed into which these 
objective and standard factors could be 
fed as variables. 

Second, in order to obtain the actual 
figures needed to complete the produc¬ 
tivity ratios, shop records had to be 
made available in convenient form. The 
manager agreed to certain modifications 
in recording to this end. 


9.5 ANALYSIS OF INFORMATION 

For any single job it was necessary 
to take the mathematical model, 
apply to it the agreed objective factors, 
and work out the objective time. Then 
the current standard time iiad to be 
found by applying the standard factors 
to the modei. jSinally, the actual output 
from the works had to be obtained, and 
the three results had to be combined to 
form a triple-index of productivity. 

A program was devised to be carried 
out on a desk calculating machine. Every 


[*.4 

job done by the works department over 
a period of six months was analyzed in 
this way; the outcome was a vast library 
of triple-indices. 

The information was first sorted by a 
punched-card analysis, and tabulated 
several times under different classifica¬ 
tions. A statistical analysis was made to 
discover the significant causes of varia¬ 
tion in productivity. When these causes 
had been isolated, it became possible to 
divide total production into separate 
groups, so that each group was homo¬ 
geneous in terms of its level of produc¬ 
tivity. 

There were, in all, about 60 groups. 
Each one could be defined physically, 
in terms of a machine, a process, and a 
class of material. Each one could be 
defined statistically, in terms of a nor¬ 
mal distribution of known mean and 
variance. • 


9.6 CONCLUSIONS 

It would now be po.ssible to make 

accurate forecasts of delivery. 
Having used schedules of objective fig¬ 
ures to calculate an objective time for 
any job, this time could be adjusted in 
accordance with the particular job’s pro¬ 
ductivity by using as a weight the mean 
value of the productivity group within 
which the job fell. 


9.7 RECOMMENDATIONS 

1. A system should be put into 
the department which would en¬ 
able the planners to forecast production 
times OR the principles described. 

2. A visual control apparatus should 
be installed so that these forecasts could 
be combined to form a visible plan. 

3. A routine sampling scheme should 
be set up to control (1) in accordance 
with whatever variations happened to 
occur. 

The following arrangements were 
made to achieve these three objects. 

9.7.1 The nomograph. The problem 
of the day-to-day calculation of fore- 
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casts was overcome by a multi-stage 
nomograph. This was designed and built 
specifically to calculate, from an order 
for strip, a forecast of production time 
required. The chart is six feet long and 
consists of 11 interlocking nomographic 
cycles. It is covered with 16th-inch trans¬ 
parent plastic, and transparent rules with 
sharply pointed ends are used to move 
across it; this, it is found, gives an 
accuracy of the order of 1 per cent error 
only. Constants are built in; the oper¬ 
ator has merely to provide the informa¬ 
tion on the order form, and the value 
of variables contained in his schedules. 
The nomograph then solves the two 
equations for constructed time, and ad¬ 
justs them by the appropriate produc¬ 
tivity constant, the calculations of objec¬ 
tive standard, the current standard, and 
the current actual time being forecast 
for a given job in something under a 
minute. * 

The nomograph is basically a system 
of logarithmic functions, which carry 
through the multiplications and divi¬ 
sions required by the mathematical 
model of the process. In this, it is largely 
orthodox, but the model does require 
that one of the five possible constants 
be added halfway through the calcula¬ 
tion. This addition is achieved by a geo¬ 
metric device which may be new. 


Suppose that a resultant, bearing its 
logarithmic scale has been reached in a 
calculation at point a. It is desired to 
move this point, on the same logarithmic 
scale, to a point o -f i. 

1. Construct a diagram as shown in 
Fig. 15.15. This is a projection of the 
logarithmic scale AB, through a fulcrum 
K, onto an arithmetical scale CD. In the 
simplest case, AB = BK, and o — 45“. 
0 can be calculated trigonometrically, 
however, for any ratio of BK/AB. 

2. Next, draw vertical lines from sev¬ 
eral points on the arithmetical scale to 
cut the projected geometric progression 
lines, and join the intersections. For 
example, where 1 is to be added, the line 
EF is drawn; to add 2, draw the line 
GH and so on. Erase the construction 
lines, leaving only the fulcrum and the 
required number of parallel arithmetic 
scales, which need not be calibrated. 

3. To move on the logarithmic scale 
from point a to a point o -f 

(a) Draw a line from a, through K, 
to intersect CD (at p). 

(b) Use a vertical T-square to carry 
a line upwards to EF, GH, or other 
appropriate parallel, intersecting at q. 

(c) Complete the triangulation, pass¬ 
ing from q, through k, back to AB. 

(d) The new point reached on the 
logarithmic scale is now a 4- 1 (from 


FIG. 15.15 DIAGRAM ILLUSTRATING THE PRINCIPLE 
OF THE ADDITION SECTION OF THE 
NOMOGRAPH. 
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EF), a + 2 (from OH) or a + a? (from 
some other parallel). 

4. This situation is rigorous for any 
section of logarithmic scale covering the 
two intervals between three terras of a 
geometric progression. To extend the 
system, using the same fulcrum, con¬ 
tinue the arithmetic scales in either di¬ 
rection, noting that the lines take on 
a new angle for each further pair of 
geometric intervals. The whole system 




progress position can be shown against 
a time scale, it is virtually impossible to 
obtain a comprehensive view of both 
plans simultaneously. 

The difficulty has been overcome very 
simply in the (provisionally patented) 
planning board illustrated in Fig. 16.16. 
This consists of a number of separate 
planning boards, set out in the same 
way, by machines and on a time base. 
A different class of product is planned 


jj-x* • 1 I . 1 - —.v.w.av VXM.OO UA IS umnnea 

of addition IS based rigorously on the on each board, and the boards are hinged 
geometry of similar triangles, and cor- together so that they can be viewed 
r^t angles for covering the whole irreg- either individually or superimposed 

li ar nn Vfrrvn __ tt ^ 


ular polygon of arithmetic scales are 
readily calculated by trigonometry. 

9.7.2 Visual control apparatus. The 
difficulty in visual planning for a shop 
in which many orders pass through the 


Hence the order progress of any one 
order can be examined by consulting the 
appropriate “class of product” board, 
where each order has its own character¬ 
istic colored symbols. The total machine 


same machines has been that, although load, on the other hand, is visible when 
neither a machine load or an order aU the boards are viewed together 

FIG. 15.16 PLANNING BOARD. * 
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and in superimposition. Machine time 
booked for an order appears in the third 
dimension against its correct machine, 
irrespective of the class of product to 
which it belongs. 

9.7.3 Control charts. It remains to be 
noted that the productivity indices on 
which all conclusions depend are subject 
to change. It is necessary to watch each 
productivity group to see that its mean 
is not changing, and also that it is not 
bifurcating as the result of some latent 
factor. This is ach’cved by the use of 
quality control methods, applied to each 
group. 

If the mean of a group changes sig¬ 
nificantly, a new group analysis is made 
statistically. The new mean triple in¬ 
dices must then replace the old ones on 
the final scales of the nomograph. .The 
index bearing the arrows on those final 
scales is therefore adjustable to this end. 


9.8 DISCUSSIONS AND REPORTS 

The work which has been de¬ 
scribed took some time to com¬ 
plete. Throughout, discussions were held 
and reports were made on progress, 
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while the scheme was installed piece¬ 
meal. 

9.9 FOLLOW-UP 

As a pilot scheme, the system in¬ 
stalled was adjudged satisfactory. 
Some of the aims in the author’s mind 
are long-term and have not yet beeii 
achieved, but the original objects are 
assured, and an increase in productivity 
has been effected. The productivity of 
the department in general was constant 
for a year prior to the .scheme’s intro¬ 
duction; after six months’ operation, 
this figure had risen by 15.2 per cent. 
About a third of this rise is considered 
attributable to an incentive wage 
scheme, but this in turn was based in 
part upon nomographic forecasting. No 
other factor could be traced as influenc¬ 
ing the improvement. 

The scheme of production control de- 
scrilied is therefore to be made per¬ 
manent, and similar installations are to 
be made in the rest of the works. Mean¬ 
while, the small department formed to 
carry through these .schemes and to 
exercise their functional control has been 
fitted into the regular works organiza¬ 
tion. 

• 
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1 . INTRODUCTION , technical difficulties nor the lack of 

customers willing to buy are vital prob- 
In our modern civilization, almost lems to modern industry. The most 
anything can be sold. Within the serious problem of modern industry, 
obvious limits defined by common sense, indeed the only real one, is a problem 
any product has a market if it is offered of costs. In everyday life, technical or 
at a price the prospective consumer can personnel difficulties can generally be 
afford to pay. solved. The modern manufacturer’s real 

At the same time, almost anything can concern is to produce at such a cost that 
be produced. Modern technical knowl- his product can be sold ^t a price that 
edge has reached the point where almost a sufficient number of customers can 
any desired product can be made, given afford to pay. 

the proper financial support for research This qualification “a sufficient number 
and manufacturing. of customers” is a fundamental one and 

Thus, it can be said that neither requires some clarification. It should be 
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fully understood and recognized for 
what it really is—^the key to economic 
success in manufacturing. 

Mass prod\iction and the resulting 
low production costs have been made 
possible by extensive research in such 
fields as use of power, equipment, prod¬ 
uct design, and production methods. As 
a result, the costs of production have 
never been as low as they are today 
(after due adjustment for the inflated 
value of the dollar); but, at the same 
time, the structure of costs has under¬ 
gone a fundamental change. The old 
blacksmith knew very well that he would 
be “out of the woods” if he could pay 
his helpers and his suppliers—^if, in 
other words, he could sell at a price that 
would pay his prime costs (the cost of 
labor and the cost of material). For 
today’s manufacturer, the situation is 
very different Although the cost struc¬ 
ture varies with each industry and with 
each business, it is a common situation 
today in industr)'^ to find that the prime 
costs repre.scnt hardly half of the total 
cost. The other costs (power, deprecia¬ 
tion of equipment, administration, re¬ 
search, marketing, and so on), generally 
known as “overhead ” account for the 
remaining expense.* Such overheatl co.sts 
are characterized by the fact that most 
of them do not vary directly whh pro¬ 
duction. Even if the plant should re¬ 
main almost idle, staff salaries, jiart of 
the selling expense, advertising, indirect 
labor, maintenance, insurance, taxes, and 
many other overhead exiienses would 
have to be paid and the burden of the 
depreciation charge would have to be 
carried. Such costs, which may vary 

* Cost data are among the best-kept 
secrets of industry. Some interesting fig¬ 
ures were made avail'.ole by the Federal 
Trade Commission after World War II 
when it released cost data collected during 
the war for the purpose of coat control. 
There are good reasons to believe that, 
although aAuai costs have changed since 
then, the relationships they show are still 
similar in character. (See Wartime Costs 
and Profits for Manufacturing Corpora¬ 
tions, Washington, D. C.; Federal Trade 
Commission, 1917.) 
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(but not directly with production), are 
said to be “constant.” The old black¬ 
smith could practically ignore them. His 
shop’s break-even point was about zero, 
which meant that, if his production was 
low, he would see his profits dwindle, 
but would run no risk of actually losing 
money. 

Today’s situation is quite different. Po¬ 
tential profits at a high volume of sales 
have been very much increased. Simul¬ 
taneously, the break-even iioint of mod¬ 
ern industrial enterprises has gone 
higher and higher during the last dec¬ 
ades. The risk of losing money on each 
dollar of sales by having to operate 
below the break-even point has been 
as much increased as the chances of 
greater profit at a high level of produc¬ 
tion. 

This is the strength and also the 
weakness of mpdern industry. In fact, 
such a development is not restricted to 
industry. It is also interesting to note 
that within the last 50 years or so, our 
life has paradoxically become easier and 
yet more difficult, simpler and yet more 
complex, safer and yet more fraught 
than ever with impending threat. The 
pilot of a modern jet plane travels as 
fast as .«ound. Unlike the old-time horse¬ 
back rider, however,*he cannot slow his 
pace at will, lest he fall and die. The 
span of his wings supports him only 
above a given minimum speed. iMass 
production also must be maintained 
above a given minimum rate, or else 
the enterprise goes out of business. Such 
a minimum rate depends upon produc¬ 
tion costs. This is what makes cost 
control so vital. It is not only a mat¬ 
ter of making more or less profit. Cost 
control is often a matter of life or 
death for the enterprise. 

This is why cost-control methods and 
procedures have gained wider and wider 
attention and have been projected into 
the future, whenever possible, in the 
form of budgeting. 

Budgeting serves a dual purpose. Be¬ 
cause it gives a reasonable estimate of 
what will happen if things are permitted 
to go on, it serves the purpose of en¬ 
abling management to know in advance 
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what will be needed in terms of per¬ 
sonnel, financing, material, and equip¬ 
ment, and what should be done, if at 
all possible, to avoid difficulties and 
improve the final result. Tt also serves 
the purpose of providing the yardstick 
by which actual performances can be 
compared and thus measured. As such, 
budgeting is the best tool of cost con¬ 
trol ever devised. This is especially true 
for such costs as factory expense, general 
overhead, and, even to a greater extent, 
selling expense, for v’hich cost control 
without budgeting can hardly be fully 
effective. 

Thus, budgeting is another and more 
effective way of controlling cost. More 
precisely speaking, btidgeting is preven¬ 
tive cost control, just as oiling, greasing, 
and good operating care of equipment is 
preventive maintenance; and it is just 
as profitable to an industrial enterprise 
as preventive maintenance is. 

We shall consider cost control and 
budgets as a whole, for they are most 
effective when permitted to complete 
and support each other. Cost control is 
a prerequisite to budgeting, for without 
an accurate knowledge and command of 
costs, there is no possible budget; 
budgeting is the logical development of 
cost control, for without a budget pro¬ 
cedure, the best cost control may well 
perform too late or too little and thus 
fail to be effective. 

Since no t wo busine.sses are alike, the 
reader should not expect to find in this 
study any ready-made formula that he 
can apply. An attempt has been made 
simply to present guiding principles 
based on many years of practical experi¬ 
ence in teaching, management responsi¬ 
bility, and industrial consulting practice. 
Examples will be drawn from actual 
cases; forms and reports in current use 
by manufacturers will be reproduced. 
They are intended to illustrate the 
principles involved and to enable the 
reader to gain a better understanding 
of the field rather than to serve as a 
pattern to be adhered to. It will remain 
the reader’s task to apply these princi¬ 
ples of cost control and budgeting to 
the actual problems he has to solve. 


There are two cardinal principles of 
cost control and budgeting that should 
be kept in mind at all times. Written or 
not, they are in the background of each 
of the following pages on the subject. 
They are: 

1. Cost control must be self-con- 
trolled. This principle means that to be 
effective, cost control must be reliable. 
Inaccuracies in control cannot always 
be avoided, but they must be quickly 
brought to light. This can best be 
accomplished by a “tie-in” of the cost- 
control data among themselves and by 
a “tie-in” with the basic document of 
cost control, the profit and loss state¬ 
ment, the accuracy of which is in turn 
guaranteed by auditing procedures. 
Thus cost control can be said to be 
self-con trolled (see Art. 7.1). 

2. Cost control must reduce cost. 
Time and time again, the question is 
asked; “Ilow much does it cost to have 
an effective cost control?” The answer is 
an emphatic one: Not only does it not 
cost anything; it actually saves a con¬ 
siderable amount of money. 

The savings result from the fact that 
management, through detailed cost con¬ 
trol, knows what to do to reduce cost 
and can, step by step, week by week, 
check the progress made in cost reduc¬ 
tion. f 

The additional cost due specifically 
to the operation of cost control can and 
must be a minor one. Throughout this 
study, an effort will be made to recom¬ 
mend only those procedures that ulti¬ 
mately result in a net saving. 

I'his purpose is best served when an 
•organization finds it possible to central¬ 
ize its control (see Art. 6.2) Among 
other advantages, the centralization of 
control, w'hich is the key to functional 
decentralization, makes it possible to 
use multi-pur]) 0 .sc reports. The multi- 
purjiose report reduces the cost of con¬ 
trol. It is so designed that a great deal 
of information needed for various pur¬ 
poses (cost control, persoffnel control, 
production planning, payroll, etc.) is 
collected on the same form, thus avoid¬ 
ing duplication of work. This form is 
then analyzed in the control department 
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(see Art. 6.2), with or without the use 
of punched cards and accounting ma¬ 
chines. The control department then 
issues as many reports as desired, all 
of which are merely extracts from the 
few multi-purpose forms mentioned 
above. In all fairness to the reader, it 
should be indicated that such a concept 
of centralized control, based on the 
creation of a control department, is not 
universally accepted in industry. For 
this reason, we shall also describe solu¬ 
tions that may be adopted without 
creating a control department. At the 
same time, centralization of control, 
associated with functional decentraliza¬ 
tion, does, seem to provide the answer 
to the problem of organizing a modem 
industrial enterprise on ba.ses that are 
both economical and satisfactory to the 
members of the organization. In fact, 
this concept has recently gained in¬ 
creased acceptance in small corporations 
as well as m large ones.* 

2 . THE MANAGERIAL APPRO/CH 
TO BUDGETING 

2.1 PLANNING AND CONTOOL 

The modern plant is a hcav^y and 

complex machine Its inertia is 
great: production cannot stoji at will or 
start on short notice and be economical, 
nor switch abrujitly from one item to 
another, nor be suddenly accelerated or 
reduced without creating deep disturb¬ 
ances. It takes time to prepare the tools, 
jigs, fixture.^, and conveyances for pro¬ 
duction, to kssue the specifications and 
decide upon methods, to train new 
personnel, sujijily the materials, or de¬ 
sign and produce new products. Yet 
these are only a fevv of the many prob¬ 
lems to be solved by the modern manu¬ 
facturer. 

To have the time needed lor all these 
activities, advance planning is necessary, 
weeks, mibnths, or even years ahead. 

Such planning is by necessity complex, 

* See for instance American Manage¬ 
ment Association Reports to Top Man¬ 
agement, 19BS 
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because it involves the coordination of, 
and later serves as a basis for, the con¬ 
trol of many different activities: engi¬ 
neering, financing, research, maintenance, 
training, building, personnel, administra¬ 
tion, accounting, and so on. But its ad¬ 
vantages have proved to be so great 
that the need for planning is hardly 
disputed today. The questions are 
rather: How detailed and how rigid 
should planning and control be? 

The answer to these questions is 
highly controversial. Almost all shades 
of opinion can be found among the 
scientists who concentrate on the study 
of industrial production problems and 
among the executives who have to face 
such problems and solve them, for 
better or for worse, day after day.* In 
this section, although the various theo¬ 
ries and practices in planning and con¬ 
trol will be indicated when necessary, 
an attempt will be made to present, 
with details, a certain approach to the 
problem: the managerial approach to 
budgeting. This concept is best charac¬ 
terized by the answer it gives to the 
two fundamental questions previously 
raised. 


2.2 HOW DETAILED SHOULD PLANNING 
AND CONTROL BE? 

In the managerial approach, 
budgeting ?s managing; more pre¬ 
cisely, it is managing in advance. Man¬ 
aging means giving to the right person 
in.structions that are so detailed that 
whoever receives them should be able 
to understand what to do, when to do 
it, and how to do it, in order to 
accomplish what w^as intended. Further¬ 
more, managing means control. It means 
that the one who issues the instructions 
must compare actual performance with 
these instructions and decide whether 
they have or have not been properly 
followed. In the managerial approach 

♦ For an interesting description of the 
various views held in industry, see “Pro¬ 
ceedings of the Second Conference of the 
National Society for Business Budgeting,” 
New York, 1952. 
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to budgeting, this is exactly what budg¬ 
eting is; only, the instructions are given 
some time in advance—weeks, months, 
or years. 

A budget is thus much more than an 
accounting document that shows antici¬ 
pated income and probable expense. Of 
course, budgeting makes extensive use 
of accounting methods and techniques. 
Fundamentally, a budget, in this con¬ 
cept, is a plan for the management of 
an organization in the weeks, months, 
or years to come, ^'omehow, either ex¬ 
pressly or implicitly, the budget must 
then take care of every aspect of 
management at a future time; it must 
provide a plan of action and a basis for 
control. 


2.3 HOW RIGID SHOULD PLANNING AND 

CONTROL BE? , 

There is no sure w^ay to predict 

w’hat the economic situation will 
be next year; inflation or deflation? 
expansion or rece.ssion? flow, then, can 
one plan the sales, production, expenses, 
and expansions of a business months or 
years ahead? If one attempts to do so, 
what provisions should be made to take 
care of unforeseeable circumstances? 
The challenge to planning is obvious. 
At the same time, it is vital to jilan 
ahead if one wants to produce economi¬ 
cally and therefore be m a comiietitive 
position. 

How rigid should the plan be? If it is 
too rigid, the risk is that orders may 
have to be canceled and sales lost be¬ 
cause the provisions were le.ss than the* 
actual requirements; or, on the con¬ 
trary, that inventory may be danger¬ 
ously inflated or the capacity of 
production over-extended because the 
forecasts were over-optimistic and were 
not adjusted soon enough to the actual 
conditions of the market. 

On the other hand, if the plan is too 
flexible, it may still be an excellent 
instrument of control, because it still 
will provide a yardstick of comparison 
showing what the actual performance 
should have been in relation to the 


actual volume of activity. But it will 
be of limited help in managerial plan¬ 
ning becau.se it will not provide suffi¬ 
ciently detailed guidance. 

The solution lies obviously in a 
compromise between the need for rigid 
planning if one wants to produce 
economically and the need for flexible 
planning if one wants to produce with¬ 
out taking excessive financial risks. The 
compromise is based on the idea that 
the budget should define a certain goal 
and the w*a 5 *s and means of reaching this 
goal (sales forecasts, inventory, produc¬ 
tion and expense budgets, cajntal ex¬ 
penditure program) within a certain 
period, and that periodical revisions of 
the budget during that period should 
either confirm the goal or modify it. 
But—and this is a very important con¬ 
cept—such revisions are not to be 
considered as defining new goals unre¬ 
lated to the original one. Changes will 
be cxjiressed in phis or minus from the 
original estimates and the whole plan¬ 
ning of the organization will be thus 
adjusted rather than rc-designed. 

More details wall be given concerning 
the methods to be followed. Experience 
shows that, after a few years of jiractice, 
an industrial organization is m a position 
to forecast its future activity, at least 
a year» in advance, with such a degree 
of precision that, barring extraordinary 
circumstances (war, etc.), the adjust¬ 
ments to the budget will be of compar¬ 
atively small magnitude and will gener¬ 
ally create no serious problems of 
management. This is why the method 
is economical. As far as extraordinary 
circumstances are concerned, they are 
a blow to any industrial organization, 
w'ith or without a budget; but experi¬ 
ence shows that the practice of budget¬ 
ing definitely gives management an 
increased ability to withstand their im¬ 
pact. 

2.4 RELATIONSHIP WITH’COST CONTROL 

Budgeting is the logical conse¬ 
quence of, and simultaneously, in 
some respects, a prerequisite to, effective 
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cost control. The trend of cost control 
methods has been toward more and more 
estimating of future costs, culminating 
in the determination of standard costs. 
The last step of this evolution is budget¬ 
ing, which is incorporating these esti¬ 
mates of costs into a broad plan of 
operation. 

Moreover, some costs cannot be prop¬ 
erly determined and controlled unless 
there is available a reliable estimate of 
total production. The budget provides 
such an estimate and is thus a prerequi¬ 
site to cost control as well as to the 
logical development of cost-control 
methods. 


2.5 ORGANIZATIONAL PROBLEMS 

The role of the budgeter in the 

operation of budgets is an essen¬ 
tial one; but the organization of his own 
dejiartmont is a secondary, and, in any 
case, easily solved problem His atten¬ 
tion should rather be foeu.sed on obtain¬ 
ing the cooperation of e\ery member of 
the organiz.'ition. The budget .chould be 
the common project of everyone con¬ 
cerned. The task of the budgeter is, first, 
to put the budg(“t in the form of state¬ 
ments and rejiorts—a relatively easy 
task; second, to follow up the‘actual 
operations and compare them with the 
budget—also a relatively ea.sy task; 
finally—and this is a most difficult ta.sk 
—to make sure that, at all times, the 
budget is considered by everyone con¬ 
cerned neither as a loosely designed out¬ 
line nor as a strait jacket imposed upon 
the organization, but as a guide that 
shows the best and safest way to suc¬ 
cessful performance. 


2.6 HOW TO INTRODUCE BUDGETARY 
CONTROL 

A 

The prerequisite to managing in 
advance is an orderly management 
in the present. No attempt should be 
made to introduce budgeting in an or¬ 
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ganization before the essential principles 
of scientific management have been ap¬ 
plied, such as clear definition of lines of 
authority and responsibility, cooperation 
of personnel, coordination of activities, 
and cost control. 

Once management in the present has 
reached a sufficient degree of scientific 
precision, it can attempt to budget fu¬ 
ture activities. This can be done pro¬ 
gressively by first budgeting a period of 
a few weeks hence, then expanding until 
the normal budgeting periods can be 
considered. 

Although no absolute rule can be 
given, the following periods are generally 
adequate: 

For capital expenditures budgeting: 
Five years, with yearly revision. 

For sales forecasts: One year, with 
revisions every three months at least 
and more often, if conditions appear to 
change. 

For inventory and production budg¬ 
ets: In accordance with the sales fore¬ 
cast. 

For expense budgets: One year, with 
revision every four weeks. 

For cash budget: One year, with re- 
vi.sion every four weeks. 

It should be fully understood that 
the above periods Represent averages 
recognized as satisfactory on the basis 
of experience in various industries. How¬ 
ever, they are subject to change with 
special conditions in a given business 
(especially the seasonal businesses and 
the job-order shops) or with special 
circumstances that arise suddenly. 

When introducing budgetary control 
in an organization, it is advisable, if this 
has not been done before, to number 
each week of the year from 1 to 52 
and to group the weeks in four week 
periods, numbered from 1 to 13, rather 
than to observe the traditional division 
into twelve months. 

This arrangement is of gre.at practical 
usefulness. It will probably meet at first 
with some resistance, because of the 
change of habits involved, but will in 
the long run be adopted without diffi¬ 
culty and will certainly greatly facilitate 
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FIG. 16.1 SCHEDULING C.\LENDAR. 


the procedure of budgeting.* It elimi¬ 
nates the otherwise cumbersome desig¬ 
nation of the weeks by their beginning 
date and ending date; it will also avoid 
the difficulties resulting from the dis¬ 
crepancies between the end of the weeks 
and the end of tlie months. In short, 
this comparatively minor change in 
established habits will go a long way 
toward avoiding irritating presentation 
and computation problems in the oper¬ 
ation of a budget. A calendar presented 
as the one in Fig. 16.1 and distributed 
throughout the organization will be 
found useful. (In Fig. 16.1, the Sundays 
are omitted, since the five- or six-day 
week is a general rule.) 


♦For more details on how to introduce 
budgeting see Walter Rautenstrauch and 
Raymond Villers, Budgetary Control 
(New York: Funk & Wagnalls Company, 
1960), Chapter XIV. See also Raymond 
Villers, The Dynamics of Industrial Man¬ 
agement (New York: Funk & Wagnalls 
Company, 1954), Chapters 9, 15, 16. 


3 . BUDGETING THE PBODUCTION 
PROGRAM 

3.1 THE SALBS-INVENTORY-PRODUC¬ 
TION RELATIONSHIP 

Over the years, the inventory of 
United States manufacturing cor¬ 
porations has constantly been many 
times as big as their cash (two or three 
times as big, or even more). At the 
same time, inventory is a more danger¬ 
ous asset than cash. It may rapidly be¬ 
come obsolete and almost valueless 
through no direct fault of its owners. 
Its safekeeping, even under favorable 
circumstances, is the origin of substan¬ 
tial expenses such as warehousing and 
insurance expense, and inventory always 
requires the investment of a substantial 
part of the working capital. 

All these factors emphasize the ex¬ 
pense, risk, and difficulty involved in 
keeping a large inventory, li^et, to main¬ 
tain inventory at too low a level may 
also be expensive, risky, and the source 
of many difficulties. 
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In modem manufacturing, it is always 
expensive and, because of set-up costs, 
sometimes economically impossible to 
produce goods in small lots. It will often 
be advisable to produce a larger lot not 
only to fulfill orders presently on hand, 
but also in anticipation of future orders, 
if the product is to be sold at a price 
that can be paid by customers who 
place orders of average size (see Section 
3, Art. 8). 

Moreover, sales are sometimes lost if 
the producer is not able to deliver the 
goods at the time the customer needs 
them. The unavoidable delays in ob¬ 
taining the raw material, and in pro¬ 
ducing, transporting, and delivering the 
goods provide another reason for main¬ 
taining inventory at a certain level. 

Finally, maintaining an inventory of 
a given size heljis to stabilize production. 
Ups and downs in sales are unavoidable. 
Ups and downs in production can be 
avoided by the skillful use of the in¬ 
ventory’s reservoir. Unless such a use 
of inventory is carefully planned, how¬ 
ever, it may lead to an excessive and 
very dangerous accumulation of goods. 
This is why effective stabilization of 
production must in most cases be as¬ 
sociated with sales forecasting and budg¬ 
etary control. 

Stabilization of production is the 
source of many advantages. The numer¬ 
ous bii.sinesses that have introduced 
budgetary control and have obtained, 
as a result, a stabilization of production 
never reached before, have experienced 
remarkable reductions in costs and im¬ 
provement in the general operation of 
the business. 

According to its controller, Mr. Ed¬ 
mund S. LaRose, the Bausch and Lomb 
Optical Company, as a result of the 
introduction of budaetaxy control in 
the early 1920’s, reduced the labor fluc¬ 
tuation, above and below th<; average 
montlily number of employees, from 
33.5 per cent above average and 10 
per cent bekiw .average number m 1924 
to 4.3 per cent above and 4.2 per cent 
below in 1930. In the years after 1930, 
the pattern remained about the same, or 
rather became even more satisfactory 
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from the point of view of stability of 
employment.* 

More secure jobs attract a better 
working force and improve the morale 
generally; stabilization of employment 
reduces the expense of training new 
workers; raw material can be purchased 
more economically and delivery of 
finished goods can be arranged more 
effectively; and manufacturing lots can 
be of the most economical size. 

In one manufacturing company that 
faces the problem of highly seasonal 
sales, the introduction of budgetary con¬ 
trol and the resulting stabilization of 
production, as compared to the previous 
ups and downs in production and em¬ 
ployment, originated a saving of more 
than 15 per cent in direct labor expense 
alone, together ■wdth .substantial reduc¬ 
tions in other items of expense. 

For many years, the manufacturer of 
a given brand 6f refrigerators suffered 
greatly from seasonal variations. Pro¬ 
duction was increa-sed in the spring to 
fill the seasonal summer demand, work¬ 
ers had to be trained at their jobs, 
additional supervision was needed, and 
overtime was expensive. The introduc¬ 
tion of budgetary control based on sales 
forecasting changed the whole pattern 
of ojjerations. Production was stabilized 
at an almost horizontal level through¬ 
out the year, with slight variations ac¬ 
counted for by vacations, inventory- 
taking, maintenance, and so forth. The 
graph in Fig. 16.2 illustrates this change 
(data are for the purpose of illustration 
only). On this graph, actual and budg¬ 
eted sales followed the same trend that 
is marked “Sales.” This will not always 
be the case. The methods to be followed 
to adjust production when actual sales 
depart from budgeted sales will be dis¬ 
cussed later on (see Art. 4.7). Even so, 
production will not proceed by dis¬ 
orderly ups and downs, following the 
sales pattern more or less closely, 
instead, it will be adjusted to sales from 

* Information provided by Mr. Edmund 
S. LaRo.se, one of the early pioneers in 
industrial budgeting. Controller and Mem¬ 
ber of the Board of Directors, Bausch and 
Lomb Optical Company. 
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FIG. 16.2 GRAPH ILLUSTRATING PRODUCTION 
STABILIZATION. 


time to time by scheduling the output 
at successive levels that remain con¬ 
stant over an appreciable period of time 
(weeks or months). * 

Ups and downs in production, which 
would be the logical consequence of 
seasonal or accidental variations in 
sales, are thus avoided by the use of 
inventory. Contractions and expansions 
of inventory act as a sort of flywheel 
to operations. 

Stabilization of production at the 
same time emphasizes the need for in¬ 
ventory control, sfl as to keep within 
safe limits the size of the reservoir thus 
utilized to compensate for ups and 
downs in sales. 

The above considerations reveal a 
fnndamental conflict underlying the 
problem of inventory in industry. An 
inventory may be too large and yet it 
may be too small. In cither case, ex-, 
penses, difficulties, and risks are in¬ 
volved. To determine the optimum size 
of inventory in relation to future orders 
and to adjust and stabilize production 
accordingly are the keys to success in 
modern manufacturing. 

Obviously, the optimum size is a 
compromise between the conflicting fac¬ 
tors that have just been reviewed. How 
can the budgeter determine the desirable 
size of the inventory for each product 
or group of products? 

Since an inventory fluctuates, the first 


step is to determine the lowest per¬ 
missible limit of inventory for each 
product or grouji of products. The limit 
m.ay be zero. This will lie the case, for 
instance, for all the goods manufactured 
on special orders or for rapidly perish¬ 
able goods. 

As a rule, however, a going business 
needs to have on hand a certain quantity 
of most of the items it produces. A 
drug manufacturer, for instance, would 
lose his good-will if he were not in a 
position to deliver immediately such 
.staple jirticles as penicillin, aspirin, or 
thousands of other items of current use. 

The minimum safety limit is that 
amount of inventory below which it is 
considered that the inventory should 
at no time be permitted to go in order 
not to interfere with the delivery of 
orders. This safety level is determined 
for each product by the sales manager, 
who takes into account the habits of 
the customers, the usual size of single 
orders, the possibility of sudden orders, 
the degree of urgency with which a 
product may be needed, and similar 
factors. lie will also, m cooperation with 
the production manager, take into ac¬ 
count such factors as the minimum time 
required for production o£ a fiven item. 
Finally, he must also consider the time 
involved in transportation, warehousing, 
and delivery. If the demand for the 
product is highly seasonal, it may be 
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desirable to determine more than one 
minimum safety limit throughout the 
year. 

In any case, it should be clearly un¬ 
derstood that the minimum safety limit 
is not the level at which the inventory 
can normally be kept. The more the 
production is stabilized at its most 
economical level, and the more diversi¬ 
fied the production, the greater the 
chances that the inventory will have to 
be maintained at a substantially higher 
level. In a plant that manufactures 
hundreds or thousands of different items, 
the production is generally scheduled 
so that the same item will not be run 
more than a few times a year. To main¬ 
tain the inventory of such an item 
above its minimum safety limit at all 
times between two runs, it will be 
necessary to maintain an average in¬ 
ventory substantially higher than the 
minimum safety limit. 

To eliminate the risk of losing sales 
and good-will by lack of inventory, an 
emergency procedure is generally jiro- 
vided. Production of a given item will 
be immediately ordered if the inventory 
happens to reach or fall below the safety 
limit. Such emergency orders, however, 
always have a disruptive effect on or¬ 
derly production scheduling. Since they 
are the source of unnecessary expense 
(excessive set-up cost, overtime, waste 
of material, etc.), they should be 
avoided. The way to avoid them is to 
budget production at such a level that 
the inventory, while fluctuating between 
a maximum and a minimum, will at 
all times be above the minimum safety 
limit. At the same time, the inventory 
should be kept within reasonable upper 
limits to prevent an excessive and 
dangerous accumulation of goods. How 
can the proper upper liinit be determined 
by the budgeter? 

An approach to the problem is pro¬ 
vided by the well-known financial ratio 
of sales to,dnventor>' inventory turn¬ 
over) used for the interpretation of 
financial statements. Such a ratio pro¬ 
vides a yardstick for mea.suring the size 
of an inventory in relation to sales. It 
opens the wa} to che use of standards. 
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For example, during a given year, a 
business sold 1,200,000 units of product 
A. During the same period, 400,(X)0 units 
of the product were, on the average, 
carried in inventory throughout the 
year. In such a case, the inventory 
turnover for product A was 1,200,0(X)/ 
400,000 = 3. 

The yearly inventory turnover is the 
ratio of annual sales to average annual 
inventory. It is also the number of 
times the inventory “turns over” during 
the year. 

The larger the turnover, the smaller 
the amount of working capital necessary 
for a given volume of business, and, 
all other things being equal, the larger 
the percentage of operating profit on 
the capital invested. Less inventory for 
a given volume means less insurance, 
less loss from spoilage, obsolescence, or 
price decline, ap.d less interest charges. 
This is why the inventory turnover is 
currently used as one of the measures 
of the efficiency of operation in a busi¬ 
ness. Due consideration being given to 
the conditions of operations and the 
kind of business, the greater the turn¬ 
over the more efficient the management 
(see Art. 5.6). 

Inventory turnover as a measure of 
management efficiency is generally com¬ 
puted as the ratio of total annual sales 
to the average of the total inventory 
carried throughout the year. As such, it 
can be used by the budgeter only in a 
few cases, because of the difficulty gen¬ 
erally encountered in computing a mean¬ 
ingful “average inventory.” If the range 
of variation from the average were not 
substantial, the average could be used 
directly, but such is rarely the case. 

In fact, to avoid unduly complicated 
computations it has been found advis¬ 
able to use periodically the actual in¬ 
stead of the annual average inventory 
turnover figures and to compare them 
once a year, or more frequently, against 
the predetermined standard turnover 
ratio. This procedure will now be ex¬ 
plained. 

For budgeting purposes, the standard 
inventory turnover is defined as the 
desired ratio of annual sales to actual 
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inventory at a given time. This time 
will generally be the end of the fiscal 
year, although it may also, in seasonal 
businesses, be the end of a month or 
of a few significant months of the year. 
The time at which the actual ratio is 
computed should be so chosen that the 
ratio will be as meaningful as possible 
(for instance, beginning or end of the 
seasonal peak of the seasonal production 
run, etc.). To compute the ratio at 
this time is to measure the inventory 
on hand with the most appropriate 
yardstick—namely, the current yearly 
sales. By comparing the actual ratio to 
a predetermined standard ratio, it is 
possible to say whether inventory is ex¬ 
cessive and should be reduced, or is 
insufficient and should be increased. 

How to determine the standard is one 
of the problems the budgeter will have 
to solve in each individual case. The 
turnover of a product is a very im¬ 
portant matter and the figure given to 
management as the one to aim for can¬ 
not be determined lightly. 

As a matter of fact, the determination 
of the standard turnover of each prod¬ 
uct—which is required for proper budg¬ 
eting—is one more instance where 
budgetary control will be of value to 
management as an additional aid for 
cost saving. It provides the opportunity 
for a systematic checking of the turn¬ 
over, product by product. It will more 
than once throw light on unduly slow- 
moving lines of production, which other¬ 
wise would probably have remained 
undetected (see also Art. 5.6). 

Actual turnovers—or, if possible, their 
average over a period of years—should 
certainly be taken into consideration 
when determining the standard to be 
used for budgeting. They should not, 
however, be accepted as such without 
further examination. An estimate should 
be made of production requirements, 
shipping facility, marketing conditions, 
and all the other factors that may 
influence the turnover. A comparison 
should be made among the various lines 
of products, and substantial differences 
in the turnover should be accounted for 
or corrected before standards are finally 


accepted. Periodical checking and re¬ 
vision of standards must be made. 

Before leaving the subject of deter¬ 
mining the standard turnover, we must 
point out a possible difficulty in de¬ 
fining the “inventory” and in choosing 
the proper unit with w'hich to measure 
sales and inventory. 

A product may be sold at various 
prices: wholesale, retail, export price, 
net or at a discount, FOB or delivered, 
and so on. Prices may even change dur¬ 
ing the year. 

The valuation of inventory creates an 
obvious problem if no standard costs 
are used. Even with an accounting sys¬ 
tem ba.sed on standard cost, there is a 
question of comparing the goods in 
inventory (at cost) with the goods sold 
(at selling price). 

The easy solution of using data ex¬ 
pressed in physical units will sometimes 
be adequate and should then be pre¬ 
ferred. The use of dollar figures is usu¬ 
ally necessary to obtain a general 
picture of the situation when there are 
many lines of products. The dollar fig¬ 
ures are the only ones in such a case 
that can be easily grouped and com¬ 
bined. 

These difficulties must be solved when 
the turnover ratio for a particular busi¬ 
ness is computed. Depending on given 
conditions, one or another solution will 
be adopted. Among the most practical 
solutions are these two: 

1. Either: Use the ratio cost of sales 
to inventory instead of the ratio sales 
to inventory, thus eliminating the im¬ 
pact of the multiple selling price. 

S. Or: a. Determine an average (or 
standard) selling price for each item, 
to be kept throughout the year even 
if selling prices vary. 

b. Express all sales in terms of stand¬ 
ard selling price. 

c. Value inventory at standard selling 
price. 

The sales figure to use for computing 
the turnover ratio is always the net 
sales for one product tor for a group 
of products), but which components of 
the inventory figure to use (finished 
goods, work in process, raw materials) 
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will vary according to the kind of busi¬ 
ness being budgeted. If the raw ma¬ 
terial used for one product can easily 
be individualized, it might be a good 
policy to use the total inventory figure 
concerning the product (its raw material, 
goods in process, and finished-goods 
inventory). Sometimes there will be no 
choice. In the bakery industry, where 
frevsh bread is baked every day, nothing 
would be gained by considering the ratio 
of sales to finished-goods inventory. 

In most cases in the manufacturing 
industries, it is advisable to use only 
the aggregate figure of goods-in-process 
and finished goods as inventory and not 
to include the raw materials inventory. 
The reasons are; 

1. The raw materials can rarely be 
identified as being used for the produc¬ 
tion of one product. 

2. The accounting system will gener¬ 
ally not provide a day-by-day figure for 
the finished goods as distinct from the 
goods in-process, but it will generally 
provide their aggregate total. 

As a rule, therefore, the ratio of sales 
to inventory used for budgetary pur¬ 
poses will be understood to be the ratio 
of annual net sales of the product to 
goods in-process ajid finished-goods in¬ 
ventory of the same product at a given 
time. 

It thus appears that the relationship 
sales, inventory, production is a funda¬ 
mental one and that no attempt should 
be made to take a decision on a produc¬ 
tion budget before the sales budget and 
the inventory budget have been first 
determined. These two steps will now 
be considered. 


3.2 THE S/VLES FORECAST 

So many factors influence sales 

that experienced businessmen 
often deny the possibility of devising 
any practiivil method for forecasting 
sales either for'short-term or long-term 
periods. This is not surprising, for two 
reasons. First, trade has always been 
a speculative venture; those who seU 
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have always relied on current market 
conditions, judgments derived from ex¬ 
perience, and on their skills in the arts 
of selling. Second, those who have been 
successful in practicing the art of sales¬ 
manship are usually not acquainted with 
the scientific method and hence are not 
in a position to understand that it can 
be of great assistance in the field of 
sales forecasting. The whole scientific 
management movement that arose at 
the beginning of this century was at 
first looked on with disfavor by the 
manufacturers of that day because it 
was considered an impractical substitute 
for the long-established methods of shop 
organization and management that had 
been “successfully’' practiced for many 
years. 

Yet it was the application of the 
.scientific method to the control of the 
complex problems of production that 
made the countfry the great industrial 
nation it is today. Sales, of course, pre- 
.sent a different problem from produc¬ 
tion, particularly since so many external 
factors influence the market and one’s 
own position in that market. Sufficient 
experience with sales forecasting, how¬ 
ever, is available to demonstrate that 
sales can be effectively budgeted within 
practical limits of accuracy m the most 
varied kinds of businesses. 

Sales-budgeting procedures, how'ever, 
will vary with each type of busino.ss and 
with each type of market supplied. The 
degree of accuracy attainable will de¬ 
pend on the extent to which the effect 
of all the factors that influence sales 
can be related to sales. For businesses 
that are long established and for which 
there is a well-recognized market, the 
problem of sales budgeting is concerned 
with answering the following questions: 

1. What is the trend of company 
sales over the past two years? 

2. How' does this trend compare with 
the industry as a whole? 

3. In w'hat particulars has any com¬ 
pany policy been responsible for its 
sales’ having a better or worse trend 
than the industry as a whole? 

4. What did the company do or fail 
to do that may account for the annual 
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ups and downs of sales from the general 
trend ? 

5. In what ways may the trend and 
variations in annual sales be related to 
the economic conditions of the markets 
—foreign, national, and regional—which 
the comyiany serves? 

6. In what terms (such as purchasing 
power, savings, investment market, 
credit, the inventories in the warehouses 
of merchants) may these economic con¬ 
ditions be meaningfully related to the 
trend and the annual variations in 
company sales? 

These questions suggest that the gen¬ 
eral trend of a company’s sales, and the 
annual variations from that trend, are 
due to two principal groups of condi¬ 
tions: (1) those within the company’s 
power to control, that is, those related 
to company policy and action, and (2) 
those in the total economy and sector 
of the economy that affftet all businesses 
and .<?pecific industries or markets. 

A business does not navigate in quiet 
waters. Customers’ changing needs and 
wants, the availability of competing 
products, competitors’ activities, and 
similar factors that are specific to the 
market of a given product at any time 
have a determining influence. But the 
general influence is shown by the follow¬ 
ing example, chosen from among thou¬ 
sands of similar ones. 

In 1928, the General Motors Corpora¬ 
tion’s sales were $1,400,000,000. In 1927, 
they were $1,200,000,000; and in 1929 
they were $1,500,000,000. Such compar¬ 
atively minor changes were mainly due 
to specific conditions; the needs and 
wants of the customers, the activities o£ 
the other manufacturers, and so forth. 
In 1930, and in subsequent years, the 
influence of the general economic con¬ 
ditions created by the depression were 
felt. Sales dropped to $900,000,000 in 
1930, $800,000,000 in 1931, and $400,- 
000,000 in 1932. 

It appears, then, that the budgeting 
of next year’s sales for a given company 
operating on a well-established market 
should be based on: 

1, Conditions within the company 
over which it has specific control within 


the limits of the company’s structure 
and operating characteristics. 

2. Conditions in the market to which 
company operations must be adjusted 
or to which they must conform. 

To acquire a clearer perspective of 
the conditions or factors influencing 
future sales, and particularly of the 
functional categorie.s in which these fac¬ 
tors may be grouped, it will be helpful 
to- examine the problem of sales fore¬ 
casting from the standpoint of company 
procedure in getting the information and 
data on which it should base its sales 
estimates. The essential elements of a 
rational procedure are as follows: 

1. The company must rely on the 
salesmen who are in direct contact with 
its customers (ultimate consumers, deal¬ 
ers, or distributors) for data and infor¬ 
mation concerning: 

a. Consumer reaction to such 
matters as styles, models, prices, 
term payments, services, and other 
factors that may influence the con¬ 
sumer’s desire or ability to possess 
the commodity offered. 

b. Dealer and distributor reac¬ 
tion to the advertising policy of 
the company, forms of distribution 
or dealer contacts, territory protec¬ 
tion, price range of offerings, 
pjroduct design, packaging, sales 
services, displays, and the advan¬ 
tages and disadvantages of com¬ 
petitors’ offerings from the mar¬ 
keting point of view. 

2. The sales manager who is familiar 
with the character and markets of the 
industry of which the company is a 
part must be relied on for advice on 
trends in growth of the industry and 
on other matters specific to the com¬ 
mercial developments in the industry 
and the changing character of its 
markets. 

3. The engineer must be depended on 
to supply information on ways and 
means to improve the product’s design, 
to extend its range ^f •commercial 
adaptability, to adjust it to desirable 
market-price ranges, to adjust its quality 
to market requirements, and to lower 
the cost of production. He is also in a 
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position to advise on new developments 
in competitive products and other tech¬ 
nical matters that may influence the 
sale of the company’s products. 

4. The economist (either on the per¬ 
manent staff or engaged as a consultant) 
has an essential contribution to make, 
for it is he who is capable of advising 
on: 

a. The significant changes in gen¬ 
eral market conditions, both do¬ 
mestic and foreign. 

b. The trends in the national and 
regional economies as affected by 
federal and state legislation, the 
national and regional incomes and 
their distribution, and the under¬ 
lying currents in the total economy 
that will affect future sales. 

5. Supplied with the information and 
data from all these sources, management 
must then determine major policies and 
formulate appropriate courses of action 
designed to improve the company’s po¬ 
sition in the market and to enhance its 
profits, or determine the best procedure 
on high policy to follow under the cir¬ 
cumstances. 

The above procedures indicate that 
market conditions have a continuous 
influence on company policy, and that 
company policy has a contintious influ¬ 
ence on the company’s position in the 
market. The sales budget, therefore, in 
the final analysis, results from an esti¬ 
mate of the interaction of all the factors 
involved. 

Such factors can be grouped in three 
categories, namely: 

1. The specific sales factor. 

2. The general economic forces. 

3. The administrative influence. 

From a practical point of view, the 

above classification will be used as a 
basis for determining a sales budget 
in the following way: 

First Step: Determine the year’s sales 
item by item, and also by groups of 
items and for the business as a whole. 

Since th4’ bvdgeting procedures start 
by necessity before the beginning of any 
given year, the current year’s sales will 
be known for only the first 9 or 10 
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months of the year. The probable re¬ 
sults of the remaining months should be 
estimated by using, among other indi¬ 
cations, the orders on hand at the 
time. 

Second Step: Adjust the data to take 
into account any incident which, during 
the year, had either a favorable or an 
unfavorable influence on some aspect of 
operations and which had an exceptional 
and probably nonrepetitive character. 
For instance: a fire that resulted in a 
few weeks’ or months’ delay in ship¬ 
ments, a failure in the source of raw 
material, a strike in the plant that 
interrupted production, or a strike in 
a competitor’s plant that stimulated 
sales. 

Third Step: Adjust the data to take 
into account the specific sales factors 
that are expected to have either a 
favorable or an unfavorable influence 
on sales during the coming year. For 
instance: an improvement in design, the 
opening of a new market, the introduc¬ 
tion of a competitor’s new product, the 
growth of the market. 

Fourth Step: The sales data thus ad¬ 
justed can be considered as what the 
sales of next year would be if the 
general economic conditions remained 
unchanged. They should then be ad¬ 
justed for the expedied change in the 
general economic conditions. 

Fijth Step: To counteract the influ¬ 
ence of a change in the specific sales 
conditions or in the general economic 
conditions, management may decide to 
make high-policy decisions such as 
change in prices, advertising campaign, 
and improvement in sales service. An 
estimate should be made of the prob¬ 
able consequences of such administra¬ 
tive decisions with regard to sales. 

Finally, the sales forecast is estab¬ 
lished by: 

(1) Taking last year’s sales as the 
basic data. 

(2) Adjusting these data for the ex¬ 
pected impact of change in the specific 
sales factors, the general economic con¬ 
ditions, and the administrative policy. 

This sales forecast is then used for 
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the determination of the inventory 
budget, as will now be seen.* 

3.3 THE INVENTORY BUDGET 

Sales fluctuate throughout the 
year. If production is to be stabi¬ 
lized, inventory must also fluctuate to 
absorb the uns and dow'ns of sales. The 
purpose of inventory budgeting is to 
control such inventory fluctuations be¬ 
tween a safe minimum and a safe maxi¬ 
mum. 

The inventory budget for a given 
product (or group of products) should 
satisfy these three requirements: 

1. Keep inventory constantly above 
the minimum safety limit (see Art. 3.1). 

2. Keep inventory within the maxi¬ 
mum determined for certain times of 
the year, by the sales forecast and the 
standard inventory tuanover ratio (see 
Art. 3.1). 

3. Stabilize production in accordance 
with management’s directives (see Art. 
3.1). 

When the budget is being prepared in 
a going business, the budgeter never 
starts from zero. There is a given 
inventory on hand (actually known, 
or estimated if need be), which must be 
taken into account if requirement (2) 
above is to be satisfied by the inventory 
budget. 

The sales forecast for the coming year 
should be compared with the actual 
inventory on hand. If the ratio is not 
approximately equal to the standard 
inventory turnover, an adjustment is 
required. This will be accomplished by 
budgeting an increase (or reduction) of 
inventory. This budgeted increase {or 
reduction) will actually take place in 
the follomng months by producing more 
(or less) products than needed to meet 
the sales requirements as they are fore¬ 
cast by the monthly sales budget. 

Furthermore, the maximum size of 
inventory determined on the basis of 

* For a more detailed study of sales fore¬ 
casting, see Rautenstrauch and Villers, 
Budgetary Control, Chapters I-V. 


the standard turnover should also be 
checked on the basis of the availability 
of working capital. If the budgeting of 
cash reveals that the inventory would 
absorb an excessive amount of cash in 
relation to the working capital available, 
either the inventory budget should be 
revised or additional sources of work¬ 
ing capital should be found. 

It thus appears that sales forecast, 
inventory budgeting, and production 
budgeting are three links of the same 
chain: none of the three can be con¬ 
sidered without reference to the other 
two. Furthermore, all three mu.st be 
considered in relation to the framework 
of operations defined by the financial 
structure of the business. 


3.4 THE PRODUCTION BUDGET 

The production budget, therefore, 
will be est.ablished only after the 
inventory increa.se or reduction has been 
decided upon. It will be established on 
the basis of; 

1. The sales forecast for next year. 

2. The actual (or estimated) inven¬ 
tory on hand at the end of the year. 

3. The standard inventorj' turnover. 

4. The availability of working capital. 

The yearly production budget is not 

equal* to sales forecast, nor to sales 
forecast less inventory on hand, but to 
sales forecast plus (or minus) the in¬ 
crease (or reduction) of inventory re¬ 
quired to bring the actual inventory to 
the level of the budgeted inventory. 

At this point the budgeter has avail¬ 
able a production budget for the coming 
year. If it is an accepted notion that 
production should be completely stabi¬ 
lized throughout the year, the produc¬ 
tion program is greatly simplified. 
Otherwise, the first step is to deter¬ 
mine the few production levels to be 
reached during the year. Figure 16.2 
illustrated the case where production 
is at one level of employment only. In 
very seasonal businesses, such a policy 
would often result in an excessive in¬ 
ventory at some time during the year. 
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A pattern of production having two or 
more levels must then be established. As 
a result, the production pattern is deter¬ 
mined week % week, for the whole year. 
But it is still expressed in dollars of 
sales. 

The next step is to tran.slate the fig¬ 
ures into terms of direct labor hours, 
first for the plant as a whole, then for 
each division or department. These fig¬ 
ures define the production budget, week 
by week, for the organization. They 
indicate a level of activity, without 
prejudging the production of any given 
items. The actual jiroduetion will start 
only upon issuance by the proper au¬ 
thority of a. work order: but in a 
budgeted bu>iness the total amount of 
direct labor hours required to complete 
the work ordor.s issued during a given 
period should be about equal to the 
budgeted ilirect labor hours. Thus the 
production budget defines a framework 
of operation within which the authority 
who issues the work orders (production 
.scheduler for instance) can operate 

Furthermore, the production budget 
expressed m direct labor hours for each 
division or department will serve as a 
basis for the determination of the ex¬ 
pense budget, as will now be seen. 


4 . THE taCPENSE BUDGET 

4.1 GENEUAl. REMARKS 

The expense budget is a forecast 
of probable expenditures directly 
related to current operations. It excludes 
capital expenditures, which will be the 
subject of another chapter It also 
excludes expenditures that are made in 
anticipation of future operations, such 
as those related to stockpiling of ma¬ 
terials. It includes such book expenses 
as depreciation, for instance. The ex¬ 
pense budget is thus di.stinct from the 
cash budget, which will be discussed 
later. For *1111, practical purposes, the 
expense budget is a forecast of all ex¬ 
penses that are included in the profit 
and loss statement. 

These expenses are traditionally clas¬ 
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sified in three broad categories, namely; 

1. The manufacturing expense (also 
called cost of goods sold). 

2. The selling expense. 

3. The administrative expense. 

The practical advantages of this tra¬ 
ditional clas.sification are well known. 
Among such advantages, one of the 
most significant is that of being uni¬ 
versally accepted. Much inconvenience 
results from the lack of .'Jtandardization 
in accounting. It .seems jiroper not even 
to consider the possibility of abandoning 
one of the few principles that are ac- 
ccjited by all. At the same time, this 
classification, inherited from the past, 
does not by itself answer modern in¬ 
dustry’s need for control. 

Perhaps the most vital problem of 
industry today is that of knowing the 
beh.ivior of costs in relation to produc¬ 
tion When the production rate increases, 
some costs mci^ase proportionally and 
somewhat automatically; these are the 
variable costs. Some do not incrca.se 
profiortionally or automatically, but by 
steps when the jiroduetion rate reaches 
certain levels and when management 
makes certain decisions: in this section 
these are called regulated costs. Some 
do not increase with the rate of pro¬ 
duction; these are the fixed costs. For 
instance; the monthly direct material 
expen.se varies with the amount of 
monthly jiroduetion—it is a variable 
exiien.se; the monthly rent of the build¬ 
ing is fixed; the total monthly salaries 
of supervisors, the number of which at 
any time dejiends on management’s de¬ 
cision, IS a regulated expense. 

What is true of an increase in the rate 
of production is also true of a decrease. 
Variable costs will decrease automati¬ 
cally and projiortionally to the reduction 
in production. The regulated costs are 
adjusted at intervals to declining pro¬ 
duction levels. The fixed costs cannot 
be reduced. 

In the past, when the effective demand 
for a product was diminishing, the pro¬ 
ducer would reduce production and, by 
accepting a reduction m the margin of 
profit.s, could without excessive difficulty 
reduce his price at the same time. The 
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modem producer who tries to adjust his 
business to a decreasing effective demand 
faces the dilemma that, whenever he re¬ 
duces his rate of production, the total 
cost per unit of production increases 
more rapidly because of the impact of 
costs that do not decrease with produc¬ 
tion. 

His unit casts tend to increase pre¬ 
cisely at the moment he faces the neces¬ 
sity of reducing his selling price. Hence 
the need for a more precise control of 
costs. 

The traditional classification of ex¬ 
pense data in manufacturing, selling, 
and administrative expense is extremely 
useful for the purpose of auditing. It 
tells very significantly what has hap¬ 
pened and where it did happen during 
a given period while a certain quantity 
of goods was produced. It does not, 
however, give sufficient indication of 
what woultl have happiflied if the quan¬ 
tity of goods produced had been differ¬ 
ent. The variable, regulated, and fixed 
costs are not identified. 

For budgeting puriioses, this is pre¬ 
cisely what should be done. 

The secret of accurate expense budg¬ 
eting is the ability to adjust past data 
to changes that are forecast. 

The first step is to forecast the change 
—for instance, trf forecast the future 
sales, the future wages, the future cost 
of raw material, and so on. 

The second step is to determine how 
such changes will influence the expense 
of the biisine.ss, which implies a knowl¬ 
edge of the break-down in variable, 
regulated, and fixed expenses. Past data 
will serve as a guide only insofar as the 
probable influence of the change can 
be determined. It is one thing to know 
that the foreman’s salary will increase 
by 10 per cent and another thing to 
know the influence of such an increase 
on the total unit cost of each refrigerator 
to be produced next year at a rate of 
production greater by 7.5 per cent than 
last year’s rate of production. 

In other words, budgeting requires a 
break-down of expense that will show 
the functional behavior of the expense 
in relation to production. 


While keeping the traditional frame 
of expense classification, it is therefore 
in order to consider each expense in 
terms of its functional relationship to 
production. 


4.2 VARIABLE AND FIXED BUDGETS 

There is no difference of opinion 
among budgefer.s on the need for 
deferinimng the funcdonal behavior of 
expenses in -.elation to production; but 
there are substantial differences of 
opinion on how to u.se such a relation¬ 
ship when budgeting the expenses. 

Some author.s and some executives 
advocate the use of variable budgets. 
In .«uch a concept, future expenses are 
budgeted in relation to antici[)ated 
levels of production—tw^o or three levels 
or more, or even a probable range of 
variation between a probable maximum 
and a probable minimum. The empha¬ 
sis is on the need for accurate iirediction 
of the relationship of exjien.se to pro¬ 
duction, rather than on the need for 
accurate jirediction of the cxi.»ense itself. 
This approach is obviously a simple one, 
since it does not require jirecise .sales, 
inventory, and production budgets based 
on reliable sales foreca.«ts. Such sales 
forcciists are certainly difficult to estab¬ 
lish within a few' jrer cent of accuracy, 
especially in a time of economic uncer¬ 
tainty. Any method that enables the 
budgeter to dispense, even partly, with 
sales forecasting has an obvious appeal. 
In fact, the variable budgets are advo¬ 
cated by some noted authors and suc¬ 
cessful executives and should be re¬ 
garded as an acceptable and interesting 
method. 

The advantages of variable budgeting 
w-ere pointed out as follows by the 
Budgeter of Allis-Chalmers Manufactur¬ 
ing Company, Mr. Walter R. Bunge; 

We establish actual budgets at three 
levels of volume—the anticipated level, 
levels far above and far below. . . . This 
type of budget has a distinct advantage 
in a time of economic uncertainty, par¬ 
ticularly at a time of decline. Ordinarily 
there is a strong inertia in operating 
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costs, and statements tend to show 
liigher costs for quite some period be¬ 
fore action is taken to bring them into 
line. With this system of budgeting, 
however, every man who spends the 
company’s money has already planned 
what he would need m ca.se such a de¬ 
cline occurred, and he is ready.* 

At the same time, variable budgeting 
has been strongly criticized by many 
experienced executives, controllers, and 
budgeters as being essentially a device 
of cost control rather than a true budget. 
This is, in the author’s opinion, a well- 
founded criticism. One of the greatest 
rewards of effective budgeting is produc¬ 
tion planning and the resulting stabiliza¬ 
tion of employment, reduction in labor 
cost, easier material supply, tools sup¬ 
ply, and so forth. Such rewards are only 
partially available, if at all, to the com¬ 
pany using variable budgets. 

Another solution is the fixed budget, 
based on the concept that sales can be 
anticipated within close limits of ap¬ 
proximation (a few per cent), and thus 
that the inventory, the production, and 
the expense can be budgeted within com¬ 
parable limits. 

The validity of the concept of fixed 

* “Second Conference of the National 
Society for Business Budgeting,” New 
York, 1952. 
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budgeting has been amply demonstrated, 
over a long period of years, by many 
companies, and especially by one of the 
pioneers in the field, Mr. Edmund S. 
LaRose, Controller and Member of the 
Board of Directors of the Bausch and 
Lomb Optical Company. Selling a great 
variety of products, this company has 
been able, during the last 30 years or so, 
to apply very successfully the concept 
of fixed budgeting. Table 16.1 shows its 
1951 budget (as established by the end 
of 1950) and the actual figures for the 
same year. Note that the actual figures 
are within 3 per cent or less of the 
budgeted ones. Note also that at Bausch 
and Lomb the sales forecast is made for 
the whole year and is considered as final 
some time in November of the preceding 
year. In 1951, the forecast presented an 
additional difficulty. As shown in the 
table, the 1951. budget was based on a 
forecasted increase in sales from 37.3 
millions (actual sales 1950) to 49.8 mil¬ 
lions (budgeted sales 1951). Such a sub¬ 
stantial change obviously complicates 
the task of the budgeter. Even so, the 
table shows that the budgeter proved 
able to forecast sales vnthin S per cent 
As a result, the expense remained also 
within a few per cent of the budget. In 
fact, the profit was slightly greater than 
expected, even though the sales did not 


TABLE 16.1 CONSOLIDATED PROFIT AND LOSS VERSUS BUDGET AND PRIOR 
YEAR BAUSCH AND LOMB OPTICAL COMPANY* 


(in millions of dollars) 



Actual 

Budget 

Actual 


1960 

1951 

1951 

Income 

Sales, less returns, allowances and discounts. 

37.3 

49.8 

48.5 

Other income, net. 

2 

.2 

.2 


37.5 

50.0 

48.7 

Costs and Expenses 

Cost of goods sold. 

21.0 

29.6 

27.7 

Depreciation of properties. 

.8 

1.0 

1.0 

Selling, branph prescription service, administrative 

and general expenses. 

13.9 

16.0 

16.4 

Interest expense. 

.4 

.5 

.5 

Profit before Federal taxes and minority interest. 

1.4 

2.9 

3.0 


* Reproduced by ectirteey of the Baueoh end Lomb Optical Company. 
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quite reach the anticipated volume. Such 
results are probably the best argument 
that can be given in favor of fixed budg¬ 
eting.* 

Other large organizations, such as 
General Motors, and many middle-sized 
companies are also known to have ob¬ 
tained spectacular results in sales, pro¬ 
duction, and expense budgeting. 

One question will certainly arise at 
this point; Can it be done in any busi¬ 
ness? The following conclusions seem to 
be justified: 

1. With the possible exception of the 
fashion industry and some other organ¬ 
izations such as job-order shops, the 
methods of fixed budgeting seem to 
answer adequately the needs of the man¬ 
ufacturing industry’ as a whole. 

2. The forecasting of sales one year 
in advance within close limits of accu¬ 
racy is possible only in^ bu.sinesses that 
have acquired long experience in fore¬ 
casting and that have available detailed 
and accurate company records (sales, 
orders, inventory, and production rec¬ 
ords) for a long period of years. 

3. When such conditions are not pres¬ 
ent, the principles of fixed budgeting 
can nevertheless be applied, without los¬ 
ing the essential benefits of the method, 
by shortening the forecast period and by 
following a flexible policy of periodical 
revisions. Such procedures of flexible 
budgeting will now be described. 


4.3 DIRECT LABOR BUDGET 

To budget direct labor is to evalu¬ 
ate the amount of direct labor that 
will be required for the fulfillment of the 
production program, which, as was 
shown in the previous article, was pre¬ 
pared in relation to the sales forecast, 
the inventory on hand, and the standard 
inventory turnover. 

The production budget is expressed in 

• For a detailed study of the budgeting 
procedure at Bau.sch and Lomb Optical 
Company, where the concept was intro¬ 
duced in the early 1920 ’ 8 , see Rauten- 
strauch and Villera, Budgetary Control, 
Appendix C. 


terms of physical units or of dollars 
(standard or actual production costs). 
To budget direct labor is therefore to 
translate the production budget in terms 
of direct-labor units of measurement. 

There are two ways of measuring di¬ 
rect labor, either by using the dollars of 
wages paid to the worker or the number 
of hours required to do the job. Depend¬ 
ing on conditions of operations, account¬ 
ing procedures, and management pref¬ 
erence, either one or both may be 
adopted. The direct-labor dollar and the 
direct-labor hour are both being used 
currently in budgeting. 

Since the cost of direct labor per unit 
of production is generally well known 
in industry, as a rule there will not be 
any serious difficulty in establishing the 
direct-labor dollar budget on the basis 
of the production budget. 

The direct-labor dollar budget should 
be established not only for the plant as 
a whole but also department by depart¬ 
ment. 

This break-down is helpful for meas¬ 
uring production in each department, 
as will be seen later in this article. It 
is also required for good management 
purposes; the direct-labor budget 
handed to each department at the begin¬ 
ning of the period will be the basis of its 
emiilo^ment policy As was seen in the 
preceding article, the production pro¬ 
gram is established at various levels, 
which remain constant over a substan¬ 
tial period of time. The direct-labor 
expense budget, which directly reflects 
the production budget, is also constant 
over substantial periods of times. So also 
is the employment policy (hiring and 
laying off) followed by the various de¬ 
partments; this is one of the greatest 
rewards and most profitable results of 
budgetary control. 

The direct-labor expense per unit of 
production is sometimes known only 
empirically on the basis of past experi¬ 
ence or rough estimates, in the case of 
new products. More andjnifre, however, 
this expense can be estimated with accu¬ 
racy by the use of standards determined 
by time-and-motion engineers, with or 
without participation of representatives 
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of the workers. These standards are 
standards of qiiantity of production 
based on standard wage rates. 

Whether such standards are used or 
not, there will be some difference be¬ 
tween budgeted and actual direct-labor 
expense. It is important to remember 
that the difference may be the total 
result of two distinct causes, namely: 

1. A difference between the actual 
performance of the worker on the job 
and the performance that was expected 
from him by the budgeter. 

2. A change in the wage rates. 

It is a good policy to de.sign the 
accounting system in such a way that 
the variance between actual and budg¬ 
eted direct labor will be reflected by 
two distinct variance accounts, one for 
the variance due to the actual perform¬ 
ance on the job, one for the variance 
due to a change in wage rates. This pro¬ 
cedure will clc.-irly show the facts as 
they are, and will open the way for ap¬ 
propriate managerial deci.sion. 

Such an accounting procedure is facili¬ 
tated by the use of standard cost ac¬ 
counting. The businesses that do not 
operate on standard costs can open such 
variance accounts, however, for statisti¬ 
cal purposes only, without fundamen¬ 
tally changing their accounting method.s. 

For budgeting pur['o.ses, it is obviously 
neccs.sary to e.stimate the direct-labor 
expense m terms of dollars. It will some¬ 
times be advisable al.«o to compute the 
direct-labor budget in terms of hours of 
work. This computation will be greatly 
facilitated if the standard,s previously 
mentioned are available. 

The reasons for budgeting the direct- 
labor hours are both technical and psy¬ 
chological. 

Many cost-accounting systems are 
based on the allocatu>n of overhead cost 
on the basis of direct-labor hours. Also, 
the “hour of work” is a tangible unit of 
measurement that appeals to supervi¬ 
sors. The budget nia', appeal more 
strongly to ttierp and therefore be more 
likely to be taken into consideration if 
it IS marked in the terms and units they 
best understand. This is especially true 
for low-ranking supervisory personnel. 


[4.4 

Such psychological factors should be 
given the greatest consideration by the 
budgeter. An expense budget that is not 
fully understood and respected by the 
production personnel is without value. 


4.4 DIRECT-MATERIAL BUDGET 

The direct-material expense is the 

cost of the material which, during 
a given period, enters into and becomes 
part of the product. This expense is to 
be di.stinguished from the cost of materi¬ 
als that are bought in anticipiation of 
future production and also from the 
cost of materials that afe consumed or 
used during the manufacturing opera¬ 
tion.';, such as oils, waste, taps and dies, 
coal, water, and gas. (These are indirect 
materials, which are part of factory ex¬ 
pense (see Art. 4 5). 

It is important to define what consti¬ 
tutes the Items of the direct-material 
cost before attempting to budget the 
expense. In fact, the valuation of the 
direct material is one of the delicate 
matters of cost accounting. 

The cost of materials consists of the 
jnirchase price, plus freight and truck¬ 
ing charges incurred in conveying them 
from the place of purchase to the store¬ 
room m the factory. This is the real cost 
of the material. However, it is not al¬ 
ways convenient to apply freight and 
handling charges to specific materials, 
particularly when freight, expre.ss, and 
trucking bills include miscellaneous ma¬ 
terials delivered Accordingly, materials 
cost, for practical purposes, is often 
taken as the purchase price, and the 
handling charges are listed as items of 
the factory expense. Sometimes such 
charges will be added in the form of 
standard burdens. 

To budget the direct-material expense, 
it is necessary to take into consideration 
the methods of accounting actually fol¬ 
lowed in the busine.ss being budgeted. 
The rule is that the budgeter should 
attempt to estimate the direct-material 
expense that will be actually debited to 
the account “materials-in-process” at 
the time the goods are being processed. 
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In practice, when many raw materials 
are handled, when many purchases are 
made during the year, and when sub¬ 
stantial variations of price exist, it will 
be necessary to use standard costs of 
direct material. In such a case, the same 
standard is used both for cost-account¬ 
ing and budgeting purposes. Differences 
between the standard and actual cost of 
material are absorbed in variance ac¬ 
counts, according to the u.sual methods 
of accounting. The variance itself should 
also be budgeted if it is expected to be 
of a substantial amount. This is espe¬ 
cially true for the jirice variance ac¬ 
count when jiriccs arc exiiected to vary 
sub.stantially. 

Thus, It cun be said that the budgeter 
should endeavor to forecast the actual 
amount that the account “direct-mate- 
rial ex])ense'' will show at the end of the 
year, in accordance with the methods 
of accounting actually fifllowed by the 
bu.‘-’ness, and that his forec.ust should be 
based on the jiroduction program jire- 
viousl.y determined. 

The production program is expressed 
either in dollais or m physical units of 
prodiicf'on (or in both terin'<). Budg¬ 
eting direct material is translating the 
production budget into terms of the 
appropriate measurement units (physi¬ 
cal units, standard 5ost, or actual cost) 
on the basis of a .s]ieciric method of valu¬ 
ation (LIFO, FIFO, average cost), with 
or without adding an actual or standard 
transportation burden. 

In most industries, the quantity of 
raw material needed per unit of jiro¬ 
duction is determined with great accu¬ 
racy. The budgeting of the quantity of ^ 
raw material needed for the fulfillment 
of the production budget will not, in 
general, present any serious difficulty. 
The evaluation of the expense in rela¬ 
tion to the quantity may require some 
computation by the accounting and the 
purchasing department, but will not 
present any fundamental difficulty. 
Therefore, the budgeting of the direct- 
material expense, based on the produc¬ 
tion budget, is usually a comparatively 
easy task. 

It should be clear that the budgeting 


of the direct-material expense as just 
described is distinct from the purchas¬ 
ing program of raw material, which, be¬ 
cause of its close relationship with cash 
problems, will be considered w’ith the 
cash budget. 


4.5 FACTORY OVERHEAD BUDGET 

The two classes of manufacturing 

expense (direct labor and direct 
materials) that were cnnsiilered above 
usually vary^ directly with the rate of 
production, particularly so in the me¬ 
chanical manufacturing industries. In 
the process’ imlustnc.s, direct labor tends 
to be constant over very wide ranges of 
production, liecause of the nature of 
the operations m such indiistnes. The 
third class of mamifachinng expense 
that we are now to consiiler—namely, 
the factory overhead—is more comiilex 
in cliaracler. It includes .some items that 
arc variable, some that aie fixed, and 
some that are regulated or adjusted to 
higher or lower lewis for higher or 
lower ranges of jiroduction. 

The factory overhead is made tip of 
a number of cxjtcnsc items. In a middle- 
sized business, it is not unusual to find 
as many as lOO sejiarate account num¬ 
bers under this heading These should 
b(' budjfeted by dejiartments, by the 
character of their relation to the rate of 
production (fixed, variable, regulated), 
and by such other classifications as may 
be useful for control purposes in par¬ 
ticular types of industries. Classification 
by items may be desirable Classification 
by both productive and service depart¬ 
ments is neec.s.sary for the ai=signineiit of 
resjioiisibility for control Classification 
liy character of variation with produc¬ 
tion is ncces.?ai;y for i)uri)ose.s of control 
of the economic characteristics of the 
business, particularly the gross profit 
and the break-even point, since these 
groups are functionally related to the 
rate of production and to gianagerial 
policy. The prune variable*(production) 
against which these items and groups of 
expenses must be measured will be either 
the physical units of production, or the 
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standard direct-labor hours incurred in 
production, or the actual direct-labor 
dollars of sales or cost of sales, which¬ 
ever is most applicable according to the 
nature of the products made, and the 
system of cost accounting used. These 
expenses will also be influenced from 
time to time by changes in prices for 
materials and services. Accordingly, any 
budget of factory expense established to 
measure the variation of such expense in 
total or in detail, with the rate of output, 
must be understood to be based on spe¬ 
cific unit prices for materials and labor. 

The factory overhead budget is pref¬ 
erably set up in cooperation with the 
heads of the several productive and 
service depiartments. Their participation 
in preparing the budget results in get¬ 
ting “grassroots” data on each depart¬ 
ment and establishes confidence and re¬ 
spect for the budget when it is issued. 
The department heads should be re¬ 
quested to give their estimates for those 
expenses for which they are responsible, 
which are usually the amount of indirect 
labor and the quantity of indirect ma¬ 
terials. Experience has demonstrated 
that in a majority of cases the budgeter’s 
office, being more statistically minded, 
is in a good position to suggest the prob¬ 
able expense for each department for a 
specified rate of production. 

The final proposals will result from^ 
the cooperation between the budgeter 
and the department heads. 

In adjusting to future levels of pro¬ 
duction data based on past experience, 
the use of graphical trend of expense- 
production relationship will be found 
useful. Such trends can be established 
for each department or for only some of 
the important production departments. 


4.6 SELLING AND ADMINISTRATIVE 
EXPENSE BUDGET 

These expenses are in the main 
compbsed of accounts that are 
regulated by executive decision. They 
also contain many items of fixed expense 
that are independent of the rate of pro¬ 
duction. The budgeting of these ex- 


BUDGETINO [4A 

penses, therefore, assumes a different 
character from that of manufacturing 
expenses. 

Selling expenses are all those expenses 
incurred in creating a desire in the pub¬ 
lic to possess, in providing convenient 
places for procurement by the con¬ 
sumer, in transporting the products to 
the places of procurement, and in col¬ 
lecting the money. The function of this 
division of operations of a business is 
to find the customers, deliver the prod¬ 
ucts to them, and get the money. Creat¬ 
ing the desire to possess the company’s 
products is accomplished through adver¬ 
tising, personal solicitation, and good¬ 
will. Providing convenient places for 
procurement is brought about by the 
use of the company’s own sales outlets 
or by contracting with others for the 
use of their outlets. Transporting the 
products from the factory to the places 
of procurement is done by rail, plane, 
truck, water-borne carriers, mail, and 
by other means. 

All these activities concerned with 
connecting with the consumer are of a 
wholly different character from those 
concerned with the processes of produc¬ 
tion, which have just been considered. 
Accordingly, the establishment and con¬ 
trol of the expenses associated with such 
activities are based on wholly different 
considerations. Yet upon examining 
these expenses, it is found that they fall 
into two princijial categories: (1) those 
which are constant in time as established 
by administrative policy, such as the 
annual appropriation for advertising, 
and (2) those which vary directly with 
the quantity of output sold, such as 
commission on sales. Once the general 
framework of sales policy has been es¬ 
tablished, some of the constant expenses 
take the character of fixed expenses, 
such as the rent and other costs of main¬ 
taining sales offices. It is also character¬ 
istic of this class of business expense 
that there exists here the widest latitude 
for the exercise of administrative judg¬ 
ment and the greatest need for sound 
judgment both in determining the main 
framework of policy and in adjusting 
and regulating expenses-to-sales trends. 
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Another important characteristic of 
this class of activity is that its exiwnses 
must be controlled within the boundaries 
of gross profit margins. Furthermore, 
although the expenses of manufacture 
may be rationally related to the rate of 
production, many of the expenses of 
sales and distribution, such as advertis¬ 
ing, do not relate themselves specifically 
to the rate of sales. They are related in 
only a general way. Accordingly, all 
these circumstances set the problem of 
the budgetary control of such expenses 
in .somewhat different terms from those 
which apply to the budgeting of manu¬ 
facturing expenses. 

}fow, then, may these exjienseG be 
budgeted ? 

An analysis of a company’s records of 
expense for selling and distribution will 
reveal that ceriain items wdl varv di¬ 
rectly with .shipmonrs maue Among the 
accounts of this character aie; 

]. Freight and exprc.ss. 

‘J. J^acking mafenal.s and snjiphes. 

3. Commission oi,^ sales. 

If the total sales of last ye,ir are di¬ 
vided into each of these itonns, the 
exjjcnse per dollar of saie.s of each i.s 
obtained. At this time, a srurt> should 
be made ot each of these exjuitst-s. with 
a view to reducing icini while laain- 
tainmg the same ifi'.ahtv of .service 

I’he net effect of such .i procedure will 
be that reliable data are jrrovuifHi for 
budgeting the variable items of the total 
selling aniJ disrriluilion budget. At this 
time, a graphic portrayal ot exjiense in 
relation tt» s;iies for the busine.so as a 
whole will be found helpful. 

The constant portion of the exper\se 
of sales and distribution must now lie 
considered with reference to the operat¬ 
ing profit aimed at. Among the items 
that come under review are those fre¬ 
quently classified as follows: 

1. Salaries. 

2. Rent, heat, light, and depreciation. 

3. Traveling. 

4. Sales promotion. 

5. Telephone and telegraph. 

These expenses are constant by ad¬ 
ministrative apportionment and can be 
regulated abovg certain minimums, 


which are usually referred to as the ir¬ 
reducible minimums. This review' should 
begin with a statement of the amounts 
of each of these items for last year. If 
the traveling expenses, for example, are 
analyzed on a mileage basis, and if the 
daily cost for hotel accommodations is 
determined, it may be found that they 
are exeesMve and should be reduced and 
imt under budgetary control. Every 
item of expense should he reviewed by 
the budgeting officer in cooperation with 
the .sales manager, and definite schedules 
for each should be prepared for adminis¬ 
trative coii.sideration. The advertising 
aii«l sale.s-promotion budgets, as a rule, 
are the ones wherein administrative 
pelicy and deci.^ion are most important. 
Tf the sale.', budget should be reduced, 
what will lie (he eliect on sale.s if the 
adverti.Ning apjiropriation is cut. s,ay, 15 
jaT cmi? Conversely, what increa.se in 
sale.s may be anlicip-iied if this activity 
is sfimul.-ited l>v an increjuse of 20 per 
cent in approjuiabon’^ 

The whole program of .sales distribn- 
lijii may come iiiidir review, and the 
«]ue>tion e*^ sales expen.s(> by territories 
in rclaiion to the s;iies in those territories 
ma) icceiv*' serious consideration Tn 
order that ili.-!cu.'-.sion« on such matters 
can be based on reliable data, the budg¬ 
eting officer should have conijiilations of 
expi'iise.s by territories, di'^tricts, or other 
•qipiopriate geographic divisions. Tn 
f.ift, the .sales and distnVmtion expense 
buiigels should hr- built up from (he data 
on tocai points of distribution. 

Finally, ihc administrative expense 
liiuimt .diould be jirepared .Adtninistra- 
tivt expenses are all those expenses other 
than manufacturing, selling, and distri¬ 
bution, incurred in ojicrating the bu.si- 
ness. They are a.= a rule, const,ant ex¬ 
penses When administrative officers are 
jiaid bonuses on the basis of profits, that 
expense is variable. 

In preparing the schedule of such ex¬ 
penses, the budgeting officer must be 
guided by an estimate of.wlftt each item 
of last year’s expenses would have been 
at current prices for supplies, current 
rents, and current charges for other 
Items. 
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This estimate must be adjusted for all 
anticipated increases and decreases. A 
final schedule of administrative expenses, 
together with the antici])ated break-even 
chart of the business, showing the trend 
lines of manufacturing, selling, and ad¬ 
ministrative expenses, should then be 
reviewed, and a schedule of adjustments 
in such expenses, such as business in¬ 
creases or decrea.ses, should be formu¬ 
lated. The effects of such adjustments, 
when reflected in the break-even chart, 
will show the consequences in profits. 


4.7 PROCEDURE. CONTROL .4ND AD¬ 
JUSTMENTS. AN ACTUAL CASE 

Each organization has its own 

problems, its own habits, its own 
structure. It would not he desirable to 
attempt to intioduce in a given com¬ 
pany any rigid jirocedure jii.st because 
such a jirocedure may have been suc¬ 
cessful in another bu.<ine.ss. The follow¬ 
ing is a description of methods that have 
been succe.ssfully applied in a manu¬ 
facturing bu-siness It may provide helji- 
ful guidance to the reader who has to 
de.'iign budgetary procedures in a given 
company. 

In the company chosen as an illustra¬ 
tion, the budget is prepared by a 
budgefer whose office is part of t'nc con¬ 
trol department (see Art. 6 2 for the 
organization of such a department). 
The company is a middle-sized one, em¬ 
ploying up to GOO workers, manufactur¬ 
ing and selling its own products to job¬ 
bers and to retailers. About 200 different 
items are sold to more than 5,000 cus¬ 
tomers. Sales are about $5,000,000. 

The yearly sales forecast, item by 
item, expressed in physical units, is pre¬ 
pared by the sales department in Oc¬ 
tober and translated into dollar values 
by the control department. The con¬ 
trol department, acting on the basis of 
the sales forecast and of high-puhey in¬ 
structions iTcccived from top-manage¬ 
ment (maximum size of inventory, bor¬ 
rowing policy, and so on), prepares the 
production program for the following 
year, week by week, department by 
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department, expressed in direct-labor 
hours. On the basis of this program, the 
budgeter prepares the budget, in cooper¬ 
ation with department heads. The di¬ 
rect-labor and direct-material expen.‘<es, 
and also the general expenses over which 
the department heads have no control, 
are estimated by the budgeter himself. 
The budget is ready during the first half 
of December and is presented for ap¬ 
proval by the e.xccutive committee of 
the company. The form used is simply a 
budgeted profit and loss statement for 
the period ending December 31 of the 
following year. 

After ajiproval of the budget by the 
executive committee, the department 
heads are notified. They are in¬ 
structed to remain within the limits 
of the budget, under their own re- 
.sponsibility. If there is a need for more 
money in their department, they will 
request an add'.tional appropriation at 
the next budgetary revision. In thi.s 
company, the budget is revised every 
four weeks. In case of emergency, the 
deiiarlmcnt heads may receive an exceji- 
tional appropriation from tli('ir vice- 
jiresident. In this company, this actu¬ 
ally happens very seldom. 

The .'-ales forecast is revised only when 
actual orilers depart drastically from the 
budgeted orders, or When the sales dc- 
Iiartment requests such a revision. In 
such a case, the production program is 
not nccc.ssarily altered. 1’he final deci¬ 
sion concerning a change in the jirodue- 
tion jirogram is taken by the executive 
committee. The policy is to absorb, by 
increase or decrease of inventory, rather 
than by change in the production pro¬ 
gram, any variance of actual .sales as 
compared to the sales forecast, unle.s- 
such a policy proves to involve exces¬ 
sive risk or practical impossibility. If 
this should be the case, a general revi¬ 
sion of the production program is or¬ 
dered. This again is an exceptional pro¬ 
cedure. Minor adjustments for each indi¬ 
vidual item within the framework of the 
production program are matters of rou¬ 
tine handled by the control department. 

The expense budget is revised system¬ 
atically every four wgeks. The depart- 
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ABC COMPANY. INC 
OPgRATlHG PROm AMP UDBa STATEittMT 



PERJOD _ 


rTiMi!i.ATiv>t Jan l to 

PROBABLA RESULT FOR THE TEAR 


REVT3ED 


REVISED 

ORIGINAL REVISED 9 

SALES 

BUDOEr 1 , 

ACTUAL 

BUDCLT % ACTOAL 

BUDGET BUDGET VARJANCC 


PRIME COSTS (i) 
Matenikl 
Direct Labor 


ToU) Prime Cmit* 
OPKRA1W G EX PEN3H 

PreHi\ii iCb !>iaR 
MaimLiriurhig Die 
baiea I 7 ivi->ic}n 
Admlnistriiive Div 
General Lxpoi)»c> 

Total Operating Expers« 


Tolal Operating Cufli 

NET OPERATIKG PROFIT OR LOfiS 


Prime Coal u a % of (2) 
Material 
Direct Labor 

TOTAL 


fl) Prime roeis of gooiU 6:jd 
(2] Prime cosv of goode produced 


MO. 16.3 i'.lDi.Ll ((iNIHOl. I'OHM KJl’LU.VllN't; 

I'UOKIT AND LUS.'). 


incnt luiul.'-' nm-'t reijiie-t -in nicu'a-e or 
a clecrtM'^e m tljcir ami 

are iiel(t re^iKiii.^lile i'oi ovrie.'-rniiafina; 
their needs ns well an Inr uiuieresliuut- 
iii}' llieiii. 

Kveiy four weeks, (he Inuigeter pre- 
seuL' lo the oxeenuve coiu/nittee. 

1. The repuesis for revinion for the 
followiiif? four-week j)eriod, slarting two 
week.s jroiii loqiiesi date. 

2. The re.sulls of the la.nt period (end¬ 
ing two weeks before). The forms used, 
which .suiiiiort each other, are shown iti 
Figs. 10.3 and It) 4 ISutice that tliese 
form.' apply to the period under con¬ 
sideration, to the cumulative results 
since (die begnmiiig of the year, and to 
the probable final lesult at the end of 
the year. The forins .show two distinct 
Imdgel variances; 

1. The vanmee between the original 
and the revised budget. This variance is 
actually the resiionsihiiity of the execu¬ 
tive committee. In a well-budgeted bu.si- 


tie.-s, it .'hould lx- oniy a few per cent 
(see An 4 2 and Talile Id 1) When 
biidgeuiry eoidrol i' .if iis iiegimmig in 
a grA'ii eomp.aiiv, this v.iruirico is hound 
10 l,f more .siib'latiiial, at least during 
the lir-t lew year,- A tnaxiimiiii vaiiance 
of A to 10 jier cent, even during these 
fir.'l years, i.s a lealiscic goal in a well- 
managed Inisiness in a reasonahly ‘‘nor¬ 
mal’ year 

2. The variance between the actual 
exptuse and the revised expense budget. 
''J'lius variance should In; zero, except for 
(he CM'’e rif jiroved emergency. Any vari¬ 
ance above 1 or 2 per cent slioiild be 
automatically mve.digaled by the bmlg- 
eter, who should iirtveiU, Iiis findings to 
tlie executive eomimtiee for decision. 
Such variaiiees arc due to over-expeiidi- 
tuios by dep.irtincjit hi^ds and they 
must be prevented if budgetary control 
is to be meaningful and rewarding. 

This wiiole procedure of expense con¬ 
trol and adjustment is greatly acceler- 
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ABC COMPAKV. INC 
OCPARTMENTALA GENERAL eXPENEt 
_BlTDOEt_ 


PERIOD CUMULATTVE JAN. 1 TO P ROBABLE EXPENSE FOR THE YEAR 

REVISED ORIGINAL REVISED ORIGINAL REVISED 

BUDCn ^ actual budget % BUDOEl ^ ACTUAL BUDGET BUDGET 

PRRBIDENTS mrP 
Dcsl|n 

Hold __ ____ ___ 

Totil Pr« SUV__ _ _ 

MANurAcr.miNo oma ioN 
Pluir 

ERfln««rlaf 
Plant MalnL 
InapecUDO 
Receiving 
8hl[>plft| 

CoRlroI _ ___ __ __ _ - .- 

total Mig. Diviftioo - —-- ■■,-■■■.—- - -- 

SALES DIVISION 
Sailing 
Packaging 
Saien Prom 

Ordni t Crtditn __ ■ - - - — . _ . _ — -. -- .. .. ...... 

Total 5al«a Dlvia'on _ - . _ - _ . ___ _____ 

ADWWSTRATIVIi DIYimOH 
Admlnlfltra'ton 
PurcnasiRg 
Personnel 
Building ServKt 

Bldg Mamtenaact — ____—-- m ... —.. . 

Toul Adralft Chvldtou _... - -----„ .. . . . . . 

a SEPHl. EX PENSES ' 

Atlg iKpe.uo 
Sales Eapenhe 
Admin Fipcnae 

OUwr Exp k Income __ ■ .. . . — ■ — ■ ■ . . ... 

Total Genrriil Expense ^ --- ---- - - --- - .. . . - --- 

TOTAL niVISION * 


FIG. 16.4 UrUGKT CO.NTROG FOHM (DEFAHTMENTAL 
AND GENERAL EXPENSE). 


ated and facilitated by the use of a 
systematically coded chart of acebunts 
kept at all times m accordance with the 
organization chart of the company. 


4.8 SYSTEMATIC CODING OF EXPENSE 
ACCOUNTS 

Budgetary control should be based 
on a proper classification of ex¬ 
pense accounts, so designed that; 

(1) Each item of departmental ex¬ 
pense is clearly classified according to 
the nature of the expense. 

(2) The respoiisiliility lor each de¬ 
partmental expen.^ic is clearly defiii-'-d. 

Ci) The crAss-,summarization,* at the 

♦ liy ’•cross-suminarizatioD" we mean the 
Bummarization for all (or some of) the 
departments of one specific item of ex¬ 


plant level, of each iterfi of departmental 
expense can be easily accomplished. 

To serve these three purposes, a chart 
of accounts should be prepared that is: 

(1) Sufficiently detailed, so as to clas¬ 
sify each Item of depaitniental expen.se 
according to its nature. 

(2) Kept identical in its divi.sions 
with the organization chart, so as to 
reflect clearly each department head’s 
responsibility. 

(3) System.itically coded, so as to 

pca.sc' as distinct from tha sum'iianzation 
of all expenses, department by depart¬ 
ment. For mslauce, the overtime expense 
m each department is part cf the sutn- 
iiianzatioii when added to the other de¬ 
partmental expenses and part of the 
eross-suininanzation when added to the 
overtime from all (or some) other de¬ 
partments. Systematic coding facilitates 
the use of accounting machines. 










4.8] 


INDUSTRIAL 8UDGETING 


1099 


TABLE 16.2 THE w COMPANY—CHART OF ACCOUNTS (Extracts) 


PART I 


1000 to 1999 

Assets 

2000 to 2799 

Liabilities 

2800 to 2899 

Capital Accounts 

2900 to 2999 

Surplus .Accounts 

3000 to 3999 

Sales Accounts 

4000 to 4999 

Prime Cost Accounts 

PART II 


.5000 

Research Department 

5011 

Administrative Salaries 

■5013 

Operating Salaries 

5014 

Overtime 

5021 

Miscellaneous Supplies and I'lxpenses 

5041 

Outside Service.® 

50411 

Out.side Service —Mod(‘l Making 

5051 

Travel Kxpense 

5.500 

In.spection Department 

5511 

Administrative Salaries 

55131 

Supcrvi.sory Sal.arie.s 

55132 

Materials Ilantlliitg 

55133 

Roving Inspectors 

55134 • 

lOO'Jo Jnspeidors 

.55135 

Salvage 

5514 

Overtime 

5521 

Mi.scellanemis Supplies and Expenses 

.5551 

Travel F.xpense 

PART III 


8900 to 9999 

General Factory Expense Accounts— 
Otlier Non-dep.irtmcntal Expenses - 
Non-operating Expense and Income 


facilitate the caoss-pummarization of 
each item of expense. 

These principles can be best illus¬ 
trated by de.scnbing an actual case. 
Table 16.2 .shows an extract of this chart 
of accounts. The advantage of this sys¬ 
tem of numeration is to facilitate the 
listing at any time of additional ac¬ 
counts, or the subdivision of accounts, 
without changing the general pattern*of 
the chart.* 

As seen in Table 16.2, the numbers 
1000 to 4999 and 8900 to 9999 are re¬ 
spectively used to identify balance-sheet 
accounts (Part I) and non-departmental 
accounts (Part III). Numbers 6000 to 
8899 are assigned to departmental ex¬ 
pense accounts, which will now be 
described in greater detail. 

Part II in Table 16.2 reproduces the 

* See Dewey-Decimal Classification and 
Relative Index, 1952. 


accounts assigned to two departments 
selected at random, the research depart¬ 
ment and the inspection department. 
The first two digits of all account,® in 
the research department are .50, which 
identify the research department. The 
in.spection department is identified by 
the group 55. The last two digits (11 for 
administrative salaries, 14 for overtime, 
etc ) are common to the same item of 
expense in all departments. Thus, in the 
inspection department, overtime is num¬ 
bered 6514. By adding all accounts 
whose first two digits are 55, one obtains 
the total expense for which the chief 
inspector is held responsible. By adding 
all accounts whose last two digits are 14, 
one obtains the total overtime expense 
for the plant as a whdle. (Cross-sum¬ 
marization, see footnote, p. 1098.) The 
use of accounting machines is obviously 
greatly facilitated. 

When a department requires a clas- 
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sification of expense that is not to be 
found in the other departments, one 
digit is added to one of the general 
categories or to a related category of 
expense. For instance, in the W Com¬ 
pany, the “13” accounts, as seen in Part 
II, Table 16.2, identify operating .sala¬ 
ries. It was found that cost control in 
the inspection department would be im¬ 
proved by accounting separately for the 
wages and salaries of .supervisors, mate¬ 
rial handlers, roving inspectors, 100 per 
cent inspectors, and .salvage workers. 
The accounts 55131 to 55135 w'ero cre¬ 
ated to serve this purpose. The account¬ 
ing machine, ignoring the fifth digit, will 
still eross-summanze such subdivi.'ions 
as being all inchuled in the “13” cate¬ 
gory (operating salaries). 

Whenever the organization chart 
changes because of the creation of a new 
department or the con.^olid.atiou of two 
dejiartments, tin; chart of accounts i.s 
modified accordingly. 


5. OTHEK BUDGEI'S 

5.1 CASH budget; GENER.\L 
PRINCIPLES 

One of the first rules of business 
is that the pa\iolI musr he n<et on 
Friday night. Otherwi.se, the plant might 
ju.sfc as well remain closed on the follow¬ 
ing Monday. It wmuhl be of no to 
tell the workers that the production 
has already been .sold on credit at a very 
good profit for future delivery They 
want cavsh and they want u on Friday 
night. 

The cash situation, although closely 
related to the other activities of the 
buriine.ss, should nevertheless be consid¬ 
ered for itself. Sale; on account, for in¬ 
stance, may be highly profitable; they 
do not mean immediate cash. Even made 
at a lo&s, cash sales may sometimes seem 
to be preferable. 

The cash budget, like the other budg¬ 
ets already studied, is nothing more than 
a reasonable estimate of a future per¬ 
formance. The budgeter, in this case, 
forecasts cash receipts and cash dis¬ 


fs 

bursements. The cash on hand at the 
end of any future period, the determina¬ 
tion of which is, in the final analysis, the 
purpose of cash budgeting, is equal to 
the cash on hand at the beginning of 
the period plus (or minus) the differ¬ 
ence between cash receipts and cash dis¬ 
bursements during tlie period. 

Yet, because of the very special 
requirenieuts of the cash equilibrium, 
which is closely hut only indirectly re¬ 
lated to the final profit or loss made 
by the business, cash budgeting pre.sonts 
problems its own that are sub-tan- 
tiallv different from the ones cousidcred 
in the previou- articles. The,=:p special 
ru'nblenis are es'-etuially related to two 
fundaineti'ai ciiaractcii.stics of ca-h 
bndgetini:: 

]. The t’tuhiij ;s inelastic Low sales 
during a giien week may he due to 
aceidenlal cireuqi.staiicc'- and may he 
eoinpen.sa'ed by the high sales of the 
following week 'I'liis means that the 
tirnimr of the sales forecast is elastic 
Cash fhorlages, on the contrary, are 
alwavs very troublesome and mav l>e 
fatal to the business r*ven if thev are of 
.short duration. The timing of the cash 
budget ineia.stic 

2. The lahic'^ an subject to qualitlca- 
tuins. A dollar oi exp<jtue is a lioliar of 
expense- no more, no les.s. The imdg- 
clei I, -I not concerned with (he recipient 
of the dollar when he i.s biidgetng ex¬ 
penses Nor, when he is budgeting .sales, 
i.s he eonoerned with the person of the 
buyer. When it comes to cash, the budg¬ 
eter hiuidles values that arc of a relative 
character. Some ca.sh receipts are doubt¬ 
ful, some cash disbursements are abso¬ 
lutely mandatory, othor.s may be de¬ 
ferred. The budgeter cannot readily 
comiiare each dollar of receipt or dis¬ 
bursement w'ith any other dollar of re¬ 
ceipt or disbursement. Their values are 
not always interchangeable nor can they 
always be balanced; they are subject 
to qualification. 

Although these two fundamental char¬ 
acteristics of cash budgeting (the in- 
elasiiciiy of timing and the fact that 
values are subject to qualifications) cre¬ 
ate new and special problems for the 
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budgeter cash budgeting is an inherent 
part of a well-balanced budgetary con¬ 
trol. 

Even though limited to sales, inven¬ 
tory, ijroduction, and expense budgets, 
budgetary control will no doubt consti¬ 
tute an improvement upon a non-budg- 
eted liu.siness. At the same time, the lack 
of ca.sli budgeting will be either danger¬ 
ous or expensive. 

If the working capital is just about 
what is needed, cash shortages are bound 
to occur, one day or another. These 
shortage^ are dangerous. 

If, on the contrary, the working capi¬ 
tal IS so abumlant that the business just 
does not have any cash jiroblem at all, 
the chance's are that such a business 
could be run with substantially less 
working cajiital by budgeting the cash. 
The exce.'is working capital could then be 
used for other and more remunerative 
purposes. To ignore su«h a possibility is 
expensive. 

Such are the reasons why the need for 
cash budgeting is generally recognized 
by biisines.s organizations. 

Although there are many notable ex- 
ception.s to this rule, the rule is that cash 
budgeting should be part of a whole pro¬ 
cedure of budgetary control. To have a 
cash budget without a reliable expense 
budget is not adiPisable. If, as it should 
be, the ca.sh budget is associated with a 
sale.s forecast, a production program, 
and an expense budget, the estimates of 
cash receipts and disbursements can be 
made on a scientific basis. 

An income, in the accounting sense of 
the word, does not mean an actual cash 
receipt. In like m.atiner, a disbursement, 
at least in its timing, is distinct from an 
expense. 

Thus, there is a need for a close analy¬ 
sis of the precise timing and the true 
character of the financial facts, even 
though the ca.sh budget is based on the 
expen.'.e budget. (If capital expenditures 
are con-^idered, they will be included in 
the cash budget as a separate project.) 

The cash budget is generally prepared 
in two distinct step.s; 

1. A long-range cash budget. This 
statement is a study of the cash situa¬ 


tion for the whole year. It is prepared 
before the beginning of the year and is 
part of the general pl.-inning for the year. 
As explained above (see Arts. 3.1 and 
3.3), cash requirements are among the 
decisive factors to be con.-<idered when 
deciding upon the production program. 
In fact, when the production program 
is jiresented for approval, it should be 
supported by a long-range cash budget. 

"2. A short-range cash budget. This 
statement is a study of the cash situa¬ 
tion for a coming period, generally a 
four-week period It i.i e.'stabli.shed within 
the framework of the long-range budget 

The methods to be followed in the 
prejiaration of both the long-range and 
the short-range cash budget are similar. 
The difference between the two is cs.'^en- 
tially that the first one is a jirelimmarv 
estimate and the second one a more pre¬ 
cise forecast. The first one .‘ihould allow 
for greater flexibiliiy; the second one 
can afford a closer budgeting. 

Essentially, in both oa.scs, the budg¬ 
eter attempts to (■.^1inKlte the probable 
cash receipts and disbursements for the 
period (one year or four weeks), basing 
his estimates on the sales forecast, the 
expen.se budget, the habits of the trade 
HI paying invoices, and the iiolicy of his 
own organization in meeting its commit- 
ment.s. He will also take into account 
the ifrobable influence of general eco¬ 
nomic conditions, which may either ac¬ 
celerate or slow down the future pay- 
ment.s. I’he principle.s involved will now 
be reviewed. 


5.2 CASH budget: forecast op 

RECEIPTS 

1. Collection of notes receivable. 

The payment of a note on due day 
is mandatory for the maker. The sanc¬ 
tion is the protest, a rapid procedure 
that starts at the very minute a note, 
while due, remains unpaid. Since such 
a jiroccilure is very dan^aging to the 
credit of the maker, a hote is normally 
paid on due day. Therefore, unless spe¬ 
cial information is received, indicating 
that the maker is in a difficult financial 
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position, the budgeter will consider the 
notes jiayable as a definite oosh receipt 
on the day on which the notes are due. 
Thcif collection is considered a.s a cer¬ 
tainty. 

2. CoUectum of accmmts receivable. 
Such is not the ca.se for the collection 
of accounts receivable. Unless the busi¬ 
ness is coiuhicted under exception.d eon- 
ditions, there is no euararitee that an 
account receivable vvill be collected on an 
absolutely procure dav. A week’s or even 
a fow weeks’ delay after due dale is to 
be expected, a disturbing factor in the 
iua:*er of ca.'-h bu'lgefing. the timing of 
'vhieli is ineln.'tie, .is has already been 
e’.i!)tir'isi7.ed. 

,'f the number of aeeuunts ii- sufli- 
ei'aitlv great to justd’v an 'ipphnfirn uf 
the statistical e,once]n f,f uroliabdity, the 
budgeter will enden )v, on thi basis of 
p.i:'t e.;ill(cliuii experietice. to (btermine 
thf’ amomit hi toa^on.'blv .sere to 
collect, during a given jei'od. It will 
generally be jios.siole to fejii ,i sLahie and 
reliable relationshi]) bet’-vn n tpe .^-de.s of 
a given month and the ea.-.h reeeinfs of 
the following two, tluee, or tour months. 
Attention slioii'd be giv a; to the influ¬ 
ence of so-is'iiial i‘'ic(o'‘.s, (d The j'l’li.ence 
of general ec.ou'ii'.io coudilimi.s, or to the 
influence cf accidental or local happen- 
ing.s (a strike in a major indu.-try, or 
local strikes, or an election iieriod, t;tc.). 

If ‘he budgeter is in doubt, it will be 
wise policy to make a conservative esti¬ 
mate of the <?o!lec(ioti considered as 
reasfaiably certain and to consider the 
remaining jiart as a safety factor (see 
Art. 5.4). 

3. Cash sales. By u.sing similar meth¬ 
ods, the budgeter will determine, what 
part of sales is usually made on .a cash 
basis. The ratio cash sales to sales on 
account, adjusted for .seasonal variations 
and economic or otb; i changes, is ap¬ 
plied to the sales builget to determine 
the ca.«h sales receipt expected. 

4. Cash discount takeu. If it is taken 
into considerj’tion, the corresponding 
cash disbursement (anticipated payment 
of accounts, see below) is also being 
budgeted. 

5. Sales of securities. This refers to 


BUDGETING [S.3 

the sales of stocks and bonds in the com¬ 
pany’s portfolio. 

6. Miscellaneous receipts. Among the 
items generally found are the following: 

Interest received (bank.s and notes). 

Property rental income. 

Dividends received (on stocks owned 
by the business). 

Bovalties and license fees. 

lieimliur.sement of a loan, etc. 

Transfer from .cubsidiarics. 

Bank loans, with or without collat¬ 
erals. 

Bond is.';ue. 

Aroitgiom on Te,al estate. 

5.3 c.vs''' prpicF'i • roRBCAST of 
inset 

1. Poi/’•(>/,b The direct-labor budget 
and the factory-expense budget 
provide a reliable»'‘.'itiniate of „hc payroll 
Slight vamv.ous due to bnnu.s computa¬ 
tion, possiblr- ovi'rtimc, and so forth, 
should be exjiected. This (li'biirsement 
is genera iiy made eacii week. 

2. Salaries [employi cs. salesmen, erex- 
ntires). b’he faetory, selling, and admin¬ 
istrative expense buugets provide a re¬ 
liable estimate m similar conditions, with 
the possibility of substantial variations, 
due, especially, to the •irregular pattern 
of some .selling expense (.'^ale^men’s com- 
mi.ssion, traveling expense, etc.). This 
disbursement is generally monthly 

3. Notes payable. Redeemable bonds. 
Interest. Sinking-fund installments. 
These have a mandatory character. Ref¬ 
erence is made to wViat \va.s previously 
said concerning the notes receivable. The 
amount to be paid is always known 
accurately and so is its timmg, 

4 Accounts payable. Although the 
payment of an invoice on due date does 
not have the .same mandatory character 
as that of a note or a bond, undue delays 
are damaging to the organization’s good 
.standing. Due payment,s wdl therefore 
be budgeted, as a rule, as a definite cash 
disbursement. Their amount and timing 
arc generally known accurately. Antici¬ 
pated payments for the purpose of dis¬ 
count-taking will be taken into account 
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if they are in accordance with the organ¬ 
ization’s policy. If the cash position per¬ 
mits, it i.s always good policy for a busi¬ 
ness to take advantage of a discount for 
anticipated pavment of accounts. Such 
discounts are generally very substantial 
(2 per cent 10 days—net 30 days, which 
is the equivalent of about 35 per cent 
interest a ve.ar). AMliough thev may oc¬ 
casionally be an exjien.^ive way for the 
seller to collect his accounts, they fur¬ 
nish the buyer a very good use tor his 
available cash. Ca'h budgeting, bv giv¬ 
ing an accurate advance notice of ca.sh 
availability, will make it possible for a 
business to take full advantage of such 
discount offerings 

5. Dividends declared. After the date 
at which they have been declared pava- 
ble, the company’s diviiiends heconie a 
definite commitment. 

6. Royalties and licerise fees. The.se 
disbursements are due onPa detini*^e date 
and should be budgeted as such, d'he 
estimate is made on tlie basis ot the pro- 
dnetiori or sales budget if the amounts 
depend upon the volume of production 
or sales. 

7. Taxes. The various taxes (payrolls, 
old age, vmemployfneuit, city, state, and 
federaH are generally due on a definite 
date. Their amount is usually known 
well in advance, sS that they do not 
create any special cash-budgeting prob¬ 
lems. 

S. Ccush purchases. Such di.sbur.>e- 
ments arc generally minor ones. 3’hey 
usually take the form of petty-caah fund 
replenishments. 

9. Investments. These are ihe impor¬ 
tant items of optional disbursement. 
They may take (he form of purchase of 
stocks, loans, and so forth. In fact, if 
a company enjoys for a sub.^-tairtial pe¬ 
riod of time an excess of available cash, 
such investments become an important 
part of the company’s financial manage¬ 
ment. Ir an insurance company, lor 
instance, the problem of finding a re¬ 
munerative and safe investment is cer¬ 
tainly one of the most serious proolems 
faced by management. 

10. Transfers. If a company controls 
a subsidiary or is controlled by a parent 


company, the transfer of cash is a cur¬ 
rent item. In the case of a subsidiary, it 
often i."? the rule that all the cash avail¬ 
able in c-xcess of a determined amount 
should be .scheduled for transfer at pre- 
seriiicd times. 

11. Reseri'es and surpi.u.'!. The word 
'‘reserve” i.s mdiserimmately u.sed in ac¬ 
counting to cover situations v/hieh, from 
(he point of view of cash budgeting, are 
fundamentally differ'^nt. Two clas.ses of 
“re.serves” should bo di.stinguished: 

a. Valuation rc.<terves that do nnt in¬ 
volve any rash transaction. Examples 
are the reserve for depreciation and the 
reserve for bad debts 

The dejireciation ex])enso is an ac¬ 
counting ex])ense that reduces the liook 
profit (or iiicre.i.se.s the book loss! to 
take into account the fact that the in¬ 
come of the business is partly made by 
using, at no co.st for rent, equipment 
pre\ loiisly purchased and [laid for. The 
capital expc'rulitnre thu'-’ involved in the 
jiast should be reinibur.'-ed over a period 
of years. Thi.s reiinbursr'nv'nt, however, 
IS not made in cash form The deprecia¬ 
tion ex])ense is an accounting reduction 
of (he profit, and is actually balanced 
by the accounting credit to a reserve 
account called reserve for depreciation 
No debit or credit i.s involved as far as 
the cash account is concerned. 

L.'iter*on, after a piece of equipment 
ha.s been sold or scrappecl, the reserve 
foi depreciation concerning this piece of 
equqimcnt i.s balanced and tlie acenunt 
is elo.sed. At no tunc is cash involved. 

The reserve for liad d'dits (or for 
doubtful accounts) i.s jicriodicidly cred¬ 
ited by debiting a bad-debt oxjiensc 
account. This reserve acenunt is debited 
at (he time it becomes evident that an 
account receivable will not lie collected. 
The cash account is not involved, in 
either the debit or credit entry. 

b. Reserves that do involve cash 
transactions. Such reserves are es.cen- 
tially the reserves for contingencies. For 
example: A business is pi\'%lved m a 
parent sun. No one can tell what the 
court decision will be. It is known, how¬ 
ever, that, should the business lose the 
(‘ase, it would mean paying a given 
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amount of money that can be e.^tirnatcd 
with a certain degree of accuracy. This 
amount somehow threatens the cash 
available. This threat will be treated by 
the budgcicr as a probable exjiense and 
will bo budgeted foi the amount and for 
the time he thinks appropriate. After 
the case has been settled, the exact 
amount involved i.s known and is substi¬ 
tuted for the estimate 

If the accounting is kept on an accrual 
basis^ (as is now usual in a business 
organization), an accrued expense that 
is not yet paid, a prepaid expen.se that 
was not yet due, an accrued income not 
yet received, or an already cashed in¬ 
come that was not yet earned are all 
accounted for in .special deferretl or 
accrued-items accounts. 

Such accounts do not in themselves 
involve any cash receipt or disburse¬ 
ment, but they are used by the cash 
budgeter for a final adjustment of his 
estimate of future ca.sh transactions. 


5.4 CA.SH budget: safety f.\ctor 

As was previously mentioned (Art. 

5 1), the cash requirements are 
characterized by: 

1. Their rigidity. Some payments are 
mandatory; their timing is iiiK'l.a.-tic 

2. Their uncertainty. Value.' are sub¬ 
ject to qualifications All debtors arc not 
equally reliable. 

To master the complex and poten¬ 
tially dangerous situation created by 
such factors, the cash budgeter will do 
well to introduce a certain margin of 
safety into his budget. The following ele¬ 
ments may be considered: 

]. Cash on hand. The cash on hand in 
the various banks with which the organ¬ 
ization conducts business is a reservoir 
of cash. The size of thi.s reservoir should 
be commensurate with the element of 
uncertainty involved m ine cash budget; 
seasonal factors and uncertaiiit r of the 
general ecbnqrnic conditions will be 
taken in account, as will the existence or 
nonexistence of optional sources of cash. 

2. Optional receipts. An additional 
reservoir of cash results from the exist¬ 
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ence of optional cash receipts such as 
lines of credit, securities on hand that 
can be sold or stock that can be is.sued, 
and [uoperties that can be mortgaged. 

3. PostponabJe disbursements. The 
existence of payment.s that can be de¬ 
ferred without endangering the credit of 
the organization are an additional ele¬ 
ment of flexibility. Such are the pay¬ 
ments related, for instance, to a raw 
materia! purchase program intended for 
stockpiling, which can be deferred or 
canceled, and equipment purchases and 
other capital expenditures, which can be 
postponeil. Whenever the cash situation 
is such as to warrant careful considera- 
liniq such elements of flexibility should 
be made part of the statements [ire- 
.sented. 

5.5 cash budget: presentation 

Figure 10 5 reproduces a cash 

budget a*' jire.sented in a given or¬ 
ganization. This form relate.^ to the same 
businoi^s a.s the one described m Art. 4 7 
and IS .‘il.so reproduced as a simple illus¬ 
tration for the guidance of the, reader, 
rather than as a form that can be used 
m anv other bu.siness than the one for 
which U was specifically designed. 

In this particular,company, the cash 
budget is cstabli.'-hod first for the whole 
year on a tentative ba.sis and submitted 
at the time the jiroducfion program i.s 
fire.sentcd for approval. It is then estab¬ 
lished on a four-week basis within this 
general framework and is presented to 
the executive committee in the form 
shown m Fig. 1()5. As seen in Fig. 16 5, 
the budgeter presents both the actual 
and the budgeted figures for the pre¬ 
ceding periods and (he budget for the 
following one. The cash budget is sub- 
milled to the executive committee two 
weeks before the four-week period under 
consideration. 


5.6 CASH budget; its dynamism 

Cash budgeting is a dynamic ven¬ 
ture. It should not be considered 
by the budgeter as a simple statement 
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BODGgTED CASH RECEIPTS AND DJSBl'RSKMrNTS 


8AIJB FOR E CAST 

CASH COLLRC nONS (Acfounls 
ReteivableT 

EXPEKDITDRE S 

Accounts Payable k Accruals 
Jan 1, 195_. 

Federal Income Tu LlabUitv 
Jan J, 

Total UabllKles as at Jan 1, IDS 

Capital Expen diture* 

lUv Material 
Direct Labor 
Departmcn'il S.i1ar1oa 
Departmental fcxpeneea 
General rjqy-nnes 
Rent 

Payroll Deductions 
Total Operatin^t FxprniKuro:; 
CASH INCREASE OP DLCRKASK 


BUDGET ACTUAL VARIANCE 


OPENING CASH BALASTK 



of facts or as only a forecast of what is 
in the makiiii; If the probability is that 
the future .situation is not troinif to be 
a satisfactory one, the first duty of the 
budgeter is to siiysesi a chanire in pohev. 
This is true for all jihases of hudizetary 
control, although cash budgeting uffurs, a 
more clear-cut opportunity of showing 
the potential danger' of a given situa¬ 
tion, Although the budgf'ter will have to 
use his ingenuity to reuK'dv each ](ar¬ 
ticular situation, the eTorts toward all 
improvement of the cash situation 
should, in general, fie exercised in three 
main directions: 

1. A reduclion or a postporif’rriprit oj 
capital expcmlitnres when they are not 
compcnsiied for by special financing, 
such as bonds or loans. 

2. A reduction of ivi'ciitorij. The 
smaller the inventory, the more aorlt- 
ing capital. The reduction should be at¬ 
tempted for the three kinds of inven¬ 
tory: 

a. Raw material. 


h tinods m proee'S. 
e Finished goods. 

It wdl be found that a reduction of 
finislniVgO'id.s uneiitory i.s related to a 
recon.'iderjilion id' the channels of distri- 
b'liion If the coiupany ojierate.- its own 
s.iles branelie-, ;i careiui analy.M^; of in- 
ventiuv tiincnei tor eaeh branch should 
be in,(lie ('liiepariMiti hetui'eil the 
braiiche" wid ollen bung to light un- 
warnmied di'cieiiaiicie.-. and will be the 
origin oi spectaeu'ar itiiproceinents. 

When underiakiiig .such a compara¬ 
tive "tuily, n IS well to n'lnember that 
the inveiitorv turnover does normally 
increase w’th sdes. Two branches of dif¬ 
ferent size are not to be expected to 
reach the same turnover ratio. 

.V reduction in the other two .sections 
of the iiivenrory— namely, the goods in- 
pro^■(^'^ and the raw-maloriaf inventories 
—is to he sought by improving the jiro- 
duction coiitiol and .‘scheduling proce- 
duu's m relation to the sales forecast 
{.scc Art. 3.1). Hero again, spectacular 
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improvements have been shown in many 
organizations. 

3. An acceleration of collections. Fi¬ 
nally, a substantial improvement of the 
cash po.sition will result from an acceler¬ 
ation in the collection of the accounts 
receivable. The delays in collection are 
sometimes due to unavoidable circum¬ 
stances. More often, especially in larger 
companies, they are the result of a cer¬ 
tain relaxation in control. A systematic 
policy of improving the situation, based 
on a constant comparison between the 
various branches concerned, may greatly 
improve the situation. 

4. Improving the cash position: An 
actual case. One company recognized 
that its ca.«h position, as revealed in the 
cash budget, was not sati.«fac(ory. It 
decided to attempt to improve the situ¬ 
ation by taking successively some of the 
step.s provioiK'ly de-^cribed. 

It took under consideration a reduc¬ 
tion of raw-matenal and goods-in-jiroc- 
es.s inventories by .an irrpirnvement of 
production scheduling and control The 
reduction of capital exiionditures was not 
an actual iiroblem. The rcduct’on of the 
finished-goods inventory and the red’ic- 
tion of the receivable collection [leriod, 
based in both cases on systematic con¬ 
trol and guidance of the sales branches, 
was attempted. The following,results 
were obtained in a nine-month 
period: 

The compiany manufactures consum¬ 
ers’ and industrial goods and sells about 
.$.30 million a year through about 150 
sales branches. The managers of these 
branches were requested to make a spe¬ 
cial effort to increase their inventory 
turnover and to accelerate the collec¬ 
tions. They were advised that a close 
control would be established to check 
the results obtained by them. 

Over this nine-month period, the aver¬ 
age inventory turnover was increased by 
50 per cent (from 3 to 4.5), and the 
average collection period was accelerated 
from a 50-dfty ?verage to a 38-day aver¬ 
age. As a net result, the actual cash on 
hand increased by $5 5 million, almost 20 
per cent of the sales volume. 
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5.7 CAPITAL EXPENDITURES BUDGETS 

The budget of capital expendi¬ 
tures is related to those disburse¬ 
ments, and the corresponding receipts, 
that are not part of the profit and Io.«:s 
statement. This includes such di.sburse- 
ments as additions, improvements, and 
replacements to plant and equipment, 
capitalized major repairs, and capi¬ 
talized major research programs. The 
corresponding receipts result from long¬ 
term bank loansf bond or stock issues, 
and utilization of surplus. 

The distinction between capital and 
current ex])Pnditiires is not always clear- 
cut. For instance, the rejiair and re- 
.search expenditures that will be capi¬ 
talized will often be inflimnced by what 
is p('rmis.sible for income tax purposes. 
The reader should therefore be aware 
that opinions of accountants differ on 
whether or not to capitalize certain 
borderline items Moreover, there is 
great variability in .actual - industrial 
practice m this matter. 

There are, both in theory and practice, 
capital-expenditure, major-repair, and 
capital-research burlgets. The general 
[irineiples of budgeting involved are 
fuiulanieiitally different from the ones 
pieviously descriljed ||or current expend¬ 
itures and incomes. 

Perhaps the most significant charac¬ 
teristic of such capital-expenditure 
budgets IS that each project constitutes 
a distinct venture that is considered for 
Itself in each of its elements (expense, 
income, gain, degree of urgency, and so 
forth). 

The purchase of this or that equip¬ 
ment, the major repair of this or that 
machine, the beginning of this or that 
research are each a special project. 
There are generally as manj budgets as 
there arc special projects. Each of these 
special budgets should provide for its 
expenditures and also for its income. 

The income will generally result from 
an advance made to the project con¬ 
sidered as an accounting entity by the 
business as a whole. The cash may origi¬ 
nate either from the reserves of the busi- 
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ness or the current profit or from a loan 
specifically contracted for the purpose. 

Before a final decision is made, man¬ 
agement should be in a position to ap¬ 
preciate: 

1. The total expenditure involved. 

2. The possible source of income or 
fMnd.s to cover such expenditures. 

3. The ultimate gain that will prob¬ 
ably result from the project. 

4. The period of amortization and its 
effect on future current expense. 

Thus, the budgeter will recognize the 
need for four distinct phases in capital- 
outlay budgeting, which will now he 
described. 

First phase: ^yrojcrt approval Gen¬ 
erally, the mere estimate of a capital 
outlay, if it is to be reliable, requires 
time, efi'ort, and preliminary exjienses. 
Therefore, (he first .step is to submit for 
consideration by the jiroper authorities 
a proposal of the projee/, itself. A very 
ajiyiroximale esiimate may be given at 
this time, together with the motives for 
considering tiie project at ah. This a]i- 
proximate estimate will not always be 
available. For instance, there may be no 
way to know with any reasonable degree 
of approximation the cost of a researcn 
project. In some cases, it is desirable to 
obtain an estimate of Jiow much it woiiid 
cost to have a spicialist prejiare the 
project estimate (for instance, architect 
and engineer fees involved in the plan¬ 
ning of a new plant). In most cases, it 
will be possible to secure an adequate 
first estimate by simply inquiring from 
the eventual supplier (plant builder, 
equiiimeiit manufacturer, etc.). 

Seccnil phase: estimate approval. The 
final estimate .sliouhi be based on definite 
and reliable figures. If the capital outlay 
involves the replacement of existing 
equiyiment or the choice between two 
or more possibilitie.s, the relative value 
of the alternatives should be clearly 
shown.* 

If research is involved, the probable 
or possible gain should be shown as ac- 

* For more details, see Section 3, Engi¬ 
neering Economy, of this Handbook. 


curately as possible. If a major repair 
18 considered, its cost should also be 
compared with the cost of replacing the 
equijiinent, due account being taken of 
the effects on maintenance cost. 

I'he estimate ayiproval by manage¬ 
ment indicate,s approval of the project 
as a matter of principle. It does not 
imply authorization to jiroceed. The 
fundamental ri'a.^on is that there is a 
gap between a sound idea and the pos¬ 
sibility of realizing it. 

Third pha.^e: authorization of the 
project ’’this gap I"? bridged by the au¬ 
thorization given to jirnccvd. Such an 
authorization involves a detennmatinn 
of the ways ami imams to finance the 
firoject (l»> loan, by n.smg rrservos, etc.) 
The relationship to tlie ea--ii budget is 
obvious. If the projeet is .u iiially a suc¬ 
cession of indivi.lual jirojects, a partial 
authorization may be given. This is 
sometimes a dangerou.s procedure, since 
it may create a fait accomph with re- 
s])f‘ct to the other parts of the project 
Management, later on, may be more or 
les.s forced to authorize them, le.st, the 
benefit of the first efl'orts be entirely or 
partially lost 

If a substantial jieriod of time elapses 
between phase 2 (ajiproval of entimates) 
and phase 3 (authorization of the proj¬ 
ect), it will be a good policy to revi.se the 
original 4'f«Timates. 

The authority responsible for aji- 
proval of the estimate or authoriz.ation 
of the jiroject varies with the size of (he 
yjroject and the tra.ditions of the organi¬ 
zation A.s a rule, any cajntal outlaw' of 
imjiortance requires approval by the 
board of directors. Unless the boartk’s 
authority has been formally delegated, 
It should always be consulted on such 
matters. 

Fourth phase: foHow-up. The fol¬ 
low-up serves ;) double purpose; 

1. It should keep management in¬ 
formed of the progress of the work 
and of the conformity of actual execu¬ 
tion to the budget. The following pro¬ 
cedure is used on this point in one 
organization (an oil company) that has 
engaged in extensive improvement pro- 
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grams in recent years, involving very 
substantial capital expenditures: 

Charges to each project are accumu¬ 
lated on job cost slK'ots by the plant 
property section. When il becomes evi¬ 
dent that a job will be ovemui, a .suii- 
plementary request must be subnptted 
beforehand showing complete details 
concerning the extent and reason theie- 
for. Such requests must tie appio\ed liy 
the same level of management who 
approved the original request. Tfiider- 
runs bc'low a certain percentage of the 
amount originally approved must also 
be covered to explain why authonza- 
tion.s weie not fully spent. 

In this connection one cardinal rule 
migld be emphasized, and that is that 
unexpetiiled balances remaining at the 
close of a piDject cannot he ex[iended 
on another iirojcct b-^’ tran.sfer ot other¬ 
wise To permit 'Ueh a piaclicc would 
.seivc to d(’f( at the purpci^e of the jiro- 
cedure win- h i,-- to control each indi¬ 
vidual job in relation lo the amounts 
authorized oi budgi ted 

The work required m (‘onneetion with 
the pieparatioii of .appiopn.uion le- 
quo.-ts, the maintenance of job cost 
sheets and the suhii.iis.uoii ot the vari¬ 
ous status leporis ih'iTilied above are 
handled by the plant jin.pi'rty sections at 
each pliint. who an also responsible for 
the maintenance of all piopfriy. piaut 
and equipment records. The budget 
section at the tiome otlici' is largelj- 
interested m the divisional and con¬ 
solidated .summaries winch are used for 
corporate phiiiniiig and contiol pm poses 

Such a procedure clearly illii.stratey 
the prmeiiiles developed earlier 'Hie 
cardinal rule, that uiiexjieiuied iialaiices 
remaining at the close of a project can¬ 
not be expended on another project by 
tninsfer or otherwise, cannot be over- 
cniiiha.sized. If it ts not strictly and even 
rigidly enforced, there Is no ju.stifieatiou 
for capital-exjien Jiture budgeting. 

2. At a later date, if production Iciuls 
itself to such a presentation, the fol¬ 
low-up procedure should show manage¬ 
ment the^ ultimate gain made through 
the project. For instance, if new equip¬ 
ment has been bought, tlie budgeter will 
present a comparative statement show¬ 
ing the actual cost of production w'ith 


t* 

the new equipment, as compared with 
whtit it was [ireviously. If a research 
project has been undertaken, any sav¬ 
ing realized through the research work 
should be slioum as a credit to the 
“project” (considered as an accounting 
entity), which is debited accordingly 
with the amount of cajiital expenditure. 
It should be clear that such presenta¬ 
tions are in the form of accounting analy¬ 
sis and are not included in the books of 
account 

Ill the case of the comjiany previously 
ttiken as an example (see paragraph 1, 
direetly above), it i.s the rule to estab- 
ii.«h ti semiannual saving.s report com¬ 
paring actual savings with e.stiinated 
stivmgs on each reiniost ajiprovcd to 
accomplish eeonomie.-; in operation. 


6, OnCiANlZ.\TIO.V.A.I., PROBLEMS 

« 

6.1 I'ttNC'I’IONAL OKOANIZATIOX: THE 
CONTROL HtNCTlON 

Modern industry i.s ba.'^ed on the 
coneejit of functional orgtunzation 
The shoe,' that we wear were mo.st likely 
in.'imifaetured in a plant employing some 
SOO workers snpervi.sed by some 50 fore¬ 
men, supjinrted by .<ome 100 service and 
st.aff employees a»d technicians, and 
guided by about. 25 execnlivt>. Acting 
as a team, this group of about a thou¬ 
sand men and women may luoduee dur¬ 
ing (he year, infinitely more than a 
thou''ari(i times whtit any shoemaker of 
the last century would have dreamed of 
making in his whole lifetime. Yet thi.s 
old-timer was able to make shoes by 
himself, starting with the raw material 
ami ending wnth the delivery of the fin¬ 
ished product to the customer. The 
chtinees are that no single individual 
among the thousand executives, engi¬ 
neers, employees, and workers now run¬ 
ning the shoe-manufacturing plant 
would be able to make a single pair of 
shoes if he were left to work alone. 

In this group of a thousand individu¬ 
als, each has o function to perform, such 
as purchasing the raw material, selling 
the goods, designing the product, operat- 
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ing the plant, paying the workers, inan- 
aging the company. No one is supposed 
to be able to perform more than one or 
at most a few of these vario\is fnnction.s. 
As a rule, no one in modern industry is 
today able to perform all tlu' functions 
involved in the manufacturing iirocess. 
The rea.son is that the growing complexity 
of modern science makes it inipos.sible for 
a single individual to master all the skills 
required in niudeni manufacturing 
Modern industry produce's by coordinat¬ 
ing the activities of the various special¬ 
ists whose skill or ability or f'fVort is re¬ 
quired in the manufacturing proce-^s: 
engineers or salesmen, janitors or m.an- 
agers, draftsmen or material handlers, 
toolmakers or assemblj' workers. 

The performance at the [uoper tune 
of all required functions results m juo- 
duction at a much lower co.-t than would 
be true in production b\' one single mdi- 
vidual. Modern industry rs based on the 
corieejit of functional organization, as 
op]M).-cd to indu'=rry basi'd on handicraft 

'rhe modern industrial organization 
will funetion jiroperly and e.'onoiiiicaliy 
if, after all functions arc clearly recog¬ 
nized and assigned to competent individ¬ 
uals, the coojieration of all members of 
the organization and the coordination 
of their efforts are jiroperly organized 

Some functions Ifive been recognized 
for many years and are generally as¬ 
signed to competent mdividnals wlio are 
able as a rule, without encountering ex¬ 
cessive difficulty, to synchronize then- 
efforts with those of the other members 
of the team. For instance; the sales 
function, the maintenance function, the 
iiisiiection function, and the accounting 
function, to mention only a few. 

Until very reta'ntly, the control junc¬ 
tion did not receive the full n'cognition 
it is entitled to. Even toilay, in many 
organizations, the control function has 
not reached full maturity. It is simiily 
considered either as an appendix of 
other functions, such as accounting, or 
as one aspect of the general duties of the 
executives who manage a company. 

In a more progre.ssive ami rewarding 
concept of industrial management, con¬ 
trol emerges as a full-fledged function to 


be performed by control specialists 
grouped in a specific subdivision of the 
organization, the control department. 

•N 

6.2 THE CONTROL DEPARTMENT 

As with all other functions in in¬ 
dustry, there is no rigid definition 
of the control function * Its scojie varies 
with the jiarticular needs of a given 
group of individuals who are a.ssociated 
as I team in a given biHines'-- An under¬ 
standing of the function itself is baseij 
on the following consiileratiuns 

To control an organization is the duTjt 
of managenient a.-^ a whole and, in the 
final aiia!}-'ii.', the duty of tlie head of 
ihc organization. 

In a so-called 'one-man" i)U^Ine^s, Ic 
control means for tlic head eveciitue to 
make all deciMon> and to supervi>e the 
perloiinance directly Modern industry 
is lardy a "one-man" bu.-iness It can 
gi'iierally pi'riorm only if llie head of the 
organization ddegate-. part of his re- 
spoii'.ibility and aiitliotitv to executaves, 
who in turn ilelegau' to their snbordi- 
naie-s part of their .‘uithority and resjion- 
siljility In -aieli .i fiami'wuik of oju'ra- 
tioiis, to control means- 
1 To assign certain goals. 

2. To comjiarc tlie aetual performance 
to till' ’^rc^cribcd goals. 

d To iliaw. certain conclusions from 
the comparison-for instance, to investi¬ 
gate a dcjiartincnt, a process, or a mar¬ 
ket, to i>roiuoie or demote, to reward or 
blame, to correct thi- decision taken. 

The function of the control depart¬ 
ment, generally .speaking, is to hel]) man¬ 
agement to fiillill its control dntie.s. 
Thus, control wall assign iletailed goals 
to the various ojieratmg and service 
(h'partments, m accoi dance with high- 
policy decisions made by management; 
it vvill follow up all iierforniances, ana- 
h'ze them, and iiresent them to manage¬ 
ment in an organizetl pattern in the form 

of repoi: .. Such reports should be short 

--- • 

* For a detailed study of the control 
function, see Villers, 27ie Dynamics uj 
Industrial Management, Chapters 4, 5, 9, 
10, and 14. 
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and general enough so that they can be 
easily read and understood and yet spe¬ 
cific enough to be used for detailed 
investigations when, in management’s 
opinion, there is a need for such investi¬ 
gations. 

In other words, the control depart¬ 
ment operates the mcchani.'-ms of niiin- 
agerial control. This is true for ail as¬ 
pects of control: control of human rela¬ 
tions (measured in tcnn.s of ab>eiitet‘i.sin, 
turn-over, grievances), or control of 
equipment maintenance (measured ir. 
terms of break-down or repairs), control 
of sales and production (mea.'^ured m 
terms of rejects or inventoiy turn-over), 
and so on. Ii i.'> also true for cost con¬ 
trol and budgets, which are more spe- 
cilieally the :?uh|ecf of the lU'cscnt study. 

In the alisence of a control depart¬ 
ment, the management of cost oomrol 
and budgets is entrusted to various de¬ 
partments, such as accounting, cost ac¬ 
counting, budget, pay 1 oil, development 
engineering, and industrial engineering. 

It is advisable lo separate the control 
function from the othei functions per- 
fonned by such deparlmeiUs and to cen¬ 
tralize the control function under one 
department. The head of the control 
deparlmont may advantageouslv serve 
directl> under one of the high ranking 
executives, a vice-president or even ih^* 
president. 


6.3 AN ACTUAL CASE 

In one business, the control de¬ 
partment is placed under an exec¬ 
utive vice-president. Its functioii.s in 
terms of cost control and budget are as 
follows: 

1. It is in charge of the budget. 

2. It centralizes all cost standards. 

3. It follows up .aU expenses and com¬ 
pares them with the standards. 

4. It prepares all iiunagenal reports 
related to cost control and budgets. 

5. It inv3stigates all matters related 
to cost control and budgets, as requested 
by management. 

To perform its duties, the control de¬ 
partment, which is in charge of operat¬ 


[B.3 

ing the IBM equipment, uses the serv¬ 
ices of all departments. The following 
examples will illustrate how the control 
function can be integrated with the 
other functions; 

1. Direct-labor standards are pre¬ 
pared by the industrial engineer in terms 
of time required for each operation and 
are translated into dollars and cents per 
item by the control department. 

2 Direct-material standards are pre¬ 
pared by control on the basis of infor¬ 
mation supplied by engineering (quan¬ 
tity) and purchasing (price). 

3. Overhead expenses are forecast by 
the biulgeter, who is, as previously indi¬ 
cated, a member of the control depart¬ 
ment. 

4 Actual manufacturing co.sts are re¬ 
corded by cost accounting, which is part 
of the accounting dejiartment, but ana¬ 
lyzed by the control de[)artment, which 
uses them for the jireparation oi reports 
described later on (see Art. 7). 

5. t)lher actual exiienscs are followed 
up liy the huilg(‘ter on the basis of data 
made available by the accounting de¬ 
partment and luesented to namagement 
in the ioriii jjieviou&ly described (see 
An. 47). 

In addition, the control department 
] ‘U'fonns similar dunes for the eonirol 
of other activities m'H directly related to 
c(j.-ls. Although these duties wiil not be 
ue.-'ciitied here, they include scheduling 
of luodiictiou, follow-up of inventories, 
scheduling of material purchases, ainl 
personnel turn-over and absenteeism. 
'Idle centralization of contrcl, because it 
has made control more effective, has en¬ 
abled this organization to decentralize to 
an unusual extent the authcrity and re- 
spon.sibility of all inemljers of manage¬ 
ment. As a result, costs have been 
reduced because the origin of reducible 
or unnecessary expen.ses has been ex¬ 
posed and thereafter eliminated. At the 
same time, members of the organization 
have been granted a greater freedom, 
because the more effective control elimi¬ 
nates the risk involved in increased free¬ 
dom of action. The members have thus 
regained an independence that is often 
lost in modern industry. They have de- 
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veloped a sense of individual responsi¬ 
bility that can be compared to that of 
the independent businessman * 

The managerial reports issued by the 
control department in the matter of 
cost control and budgets will now be 
described. 


7 . MANAGERIAL REPORTS 
7.1 PRINCIPLES 

Cost and budget reports are an 
aid to management.t If, however, 
they are too extensive or too intricate, 
they may either go unread or be mis¬ 
understood. Yet, if they leave loopholes 
open in the texture of managerial con¬ 
trol, they defeat their own purpose. 

The solution to this dilemma is in the 
preparation of reports in a condensed 
form that gives a v^ualization of the 
situation, just as maps covering large 
areas give an over-all view of whole 
continents. But such maps are never 
the direct product of surveying. They 
are based on surveys that were made 
on a larger scale and subsequently re¬ 
duced. But the large-scale surveys re¬ 
main available in their original form if 
more precise information is needed. In 
like manner, managerial reports in a 
condensed form are actually a synthesis 
of more detailed information that should 
be kept on hand and referred to if the 
over-all results disclosed by the con¬ 
densed reports are, in any respect, con¬ 
sidered as unsatisfactory, disturbing, or 
unexplained. 

Another and very essential considera¬ 
tion is that the reports for management, 
for obvious reasons, should be reliable. 
Not only should they be carefully pre¬ 
pared and checked, but also, whenever 
possible, they should tie in with the 

* For a more detailed presentation of 
this case study, see Villers, “Freedom and 
Control in a Decentralized Company,” 
Harvard Btisiness Review, March-April 
1954. 

t For a detailed study of managerial re¬ 
ports, see Villers, The Dynamics of Indus¬ 
trial Management, Chapters 14 and 17. 


documents of general accounting, which 
are themselves subject to auditing. If 
a direct tie-in is not possible, a "recon¬ 
ciliation” should be made. 

Finally, incorporating the necessary 
data in a report is one thing, but making 
the reader grasp its meaning is often 
more difficult. Figures alone are gener¬ 
ally insufficient to convey an under¬ 
standing of a situation. Graphs and 
drawings may be useful tools but, 
whether reports are in graphical form 
or not, the essential is to provide an 
adequate yardstick with which actual 
results can be usefully compared and 
thus understood. 

It thus appears that an effort should 
be made to present to management cost 
reports that are; 

1. In a reasonably simple and con¬ 
densed form. 

2. Readily expandable in any direc¬ 
tion if an investigation is desired. 

3. Self-controlling. 

4. Provided with a standard of per¬ 
formance. 

How these four essential principles can 
be applied to actual cases will be shown 
later in this article, in the discussion of 
the various categories of cost reports 
for management. 

7.2 REQUIREMENTS 

Cost control and budgets serve 
three essential purposes. They en¬ 
able industrial managements to: 

1. Control the net profit (or loss) 
made by the organization as a whole. 

2. Control the expenditures made by 
the members of the organization. 

3. Control the pricing and marketing 
policy in relation to the unit cost of 
production and distribution. 

The reports prepared for management 
will vary in each organization, and will 
even vary in scope, number, and form 
when new individuals become members 
of the organization or when new cir¬ 
cumstances arise. BuJ; it is important 
to note that the set of cost reports 
presented to management should at aU 
times fulfill the three essential require- 
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aients of cost ocaitrol. For this reason, 
the cost control reports can be classified 
in three categories: 

1. Control of the organization as a 
irhole: Profit and Lon Control. 

2. Control of responsible executives: 
Expense Control. 

3. Control of products sold: Unit Cost 
Control. 

These three categories will now be 
discussed in an attempt to show how 
the four principles previously mentioned 
(Art. 7.1) can best be applied. 


7.3 PBpprr and loss control reports 

Such reports may include: 

1. The break-even chart* of the 
company. This chart, illustrated in Fig. 
16.6, gives a simple and comprehensive 
picture of the whole situation. The ac¬ 
tual trend of sales expense relationship 
is plotted against the forecasted trend, 

♦The break-even chart was first devel¬ 
oped by Walter Rautenstrauch. For a de¬ 
tailed study of its application, see Rauten¬ 
strauch and Villers, The Economics of 
Industrial Management. 


17JS 

which was prepared at the beginning of 
the year and provides the standard of 
comparison. 

The break-even chart can be used for 
monthly control by using one of the two 
following methods: 

a. Compare monthly results to pre¬ 
viously prepared monthly break-even 
charts based on the budget. Allocate to 
each month of the year its proper 
share of the total yearly constant ex¬ 
pense, with the slope of the variable 
expense trend remaining generally the 
same throughout the year. 

b. Or conversely, use the actual ex¬ 
pense figures as they become available 
to forecast an adjusted yearly trend that 
can be usefully compared with the 
original forecast, prepared on an annual 
basis. 

Whichever method is used, the ulti¬ 
mate purpose is to compare an actual 
sales expense trend to a standard trend, 
an actual profit'to an anticipated one, 
an actual break-even point to the ex¬ 
pected one. If the comparison reveals 
only minor or easily explained discrep¬ 
ancies, management can be satisfied that 
the business is progressing as expected. 


FIG. 16.6 THE B.E. COMPANY BREAK-EVEN CHART. 
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Otherwise, investigations will be in order. 

To show the tie-in of the break-even 
chart with general accounting figures, 
it is advisable to reconcile the reported 
total cost (regulated, fixed, and variable) 
with the total expense figure of the 
bocks of accounts. 

2. The profit and loss budget, de¬ 
scribed above (see Art. 4.7), will also be 
presented whenever available. Less con¬ 
densed a statement than the break-even 
chart, it usefully supplies more detailed 
information on u-hy the profit is not 
as expected. If it is prepared in accord¬ 
ance with the recommendations given in 
Art. 4.8 with reference to the chart of 
accounts, it will also determine the 
responsibility of each executive con¬ 
cerned. 

This budget is presented before the 
beginning of the year and is followed 
up in monthly reports of actual profit 
or loss. The original budget figures are 
the yardstick against which actual data 
can be usefully compared. The actual 
profit or loss shown in this report may 
be different from the figures shown in 
the accounting statement, which in¬ 
cludes accrued income and expense and 
other adjustments. If the discrepancy is 
substantial, it should be explained and 
accounted for. • 

If the actual profit (or loss) is differ¬ 
ent from the expected one, a careful 
reading of the report will generally dis¬ 
close which divisions of the business are 
responsible for the discrepancy. If a 
further investigation is in order, an 
analysis of profit variance should be 
made. 

3. Analysis of profit variance. The 
method to follow is to go systematically 
over all assumptions and forecasts that 
have been made at the time the break¬ 
even chart was constructed, or to go 
over the budget originally prepared, and 
to compare actual detailed figures with 
the estimates that were used as a basis 
for the forwsast. For instance, compare: 

a. Actual expenses to budgeted ex¬ 
penses, starting with large groups (man¬ 
ufacturing, selling, administrative) and 
analyzing any discrepancy in details 
(material expense (price or quantity), 


departmental expense, wage changes, 
overtime, time lost). 

b. Actual selling prices to budgeted 
prices, accounting for change in selling 
price, change in chaimels of distribu¬ 
tions, change in the sales mixture. (See 
Art. 7.5.) 

The profit variance analysis should 
account for the entire discrepancy be¬ 
tween the budgeted profit and the actual 
profit. It is a good policy to record sys¬ 
tematically all bases of estimates u^ 
when budgeting, so as to be able to 
compare actual facts and figures to the 
assumptions made. If such records are 
carefully kept, the analysis of profit 
variance will be greatly simplified. 


7.4 EXPENSE-CONTROL REPORTS 

Such reports may include: 

1, A payroll analysis report. Such 
a report is not always necessary. It 
may or may not be justified. In one 
plant, there were reasons to think that 
labor costs were higher than they 
should be. There was no way, however, 
to say for sure how they could be 
reduced. Each executive concerned was 
sincerely convinced that someone else 
was responsible: the chief engineer 
thought«that time was wasted in the 
production departments; the plant man¬ 
ager blamed the methods and also the 
material; the sales department which 
was obviously responsible for rush 
orders, disputed the magnitude of their 
impact in terms of cost. 

A direct payroll analysis report, as 
shown in Fig. 16.7, was prepared. This 
report is essentially a reconciliation be¬ 
tween the actual direct labor payroll 
and what the payroll would have been 
if production had been possible at stand¬ 
ard labor cost. The variance must have 
a cause and this cause must be traced 

If a control department exists in th 
organization, it will naturally be in 
charge of analyzing this •val'iance. As 
seen in Fig. 16.7, the variance is to be 
accounted for either by wage increase 
or other unavoidable circumstances or 
by the failure of one department t* 
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DIRECT LABOR PAYROLL ANALYSIS 


WEEK. 


Tms WEEK 


SINCE JAN. 1 


I. STANDARD OPERATIONS 


A. Standard rates 
Inspection 
Set-up 

Total Standard 

B. Wage Increase 

C. Variances 


1. Material 

2. Engineering and Maint 

3. I*ersonnel 

4. Plant 

5. Excess Set-up 

6. Control 

7. Sales 

8. Miscellaneous 

Total Variances 

NONSTANDARD OPERATIONS 


A. Special Productions 

9. Experim. runs 

10. Special reprocessing 

11. Experim. costs 

12. Nonstandard Inspec. 

B. Transfers 


13. Samples 

14. Repairs 

15. Design 

16. Office 

17. Inspection 

Total nonstand, oper. 

t 

ni. UNACCOUNTED-FOR VARIANCE 


Grand Total 
AccL Dept. Adjust. 

Actual Direct Labor 
Payroll 







FIG. 16.7 PAYROLL ANALYSIS REPORT. 


perform in such a manner that produc¬ 
tion at standard labor coat is possible. 
It may be: 

a. The purchasing department (de¬ 
fective mattrial). 

b. The engineering department 
(faulty methods or equipment). 

c. The personnd department (lack of 
ikilkd lalior). 


d. One of the production departments 
(time lost). 

e. The control department (neglect 
in ordering material or scheduling pro¬ 
duction; excessive set-up). 

f. The sales department (rush or- 
ders). 

g. Any other reason to be investigated. 

The variance may also be the result 
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of circumstances not involving any spe¬ 
cial failure to perform at standard cost, 
such as experimental runs, special orders, 
transfers of personnel. 

But whatever its origin a variance has 
CO be traced back to its cause and has 
to be measured in dollars and cents. If 
the control department assigns a certain 
variance to a department and the head 
of the department disagrees with the 
finding, a procedure should be provided 
to arbitrate the case. In fact, disagree¬ 
ments will very rarely arise if the organ¬ 
ization functicms smoothly. 

The form shown in Fig. 16.7 ties in 
with the books of accounts inasmuch as 
it is based on a comparison of standard 
labor figures to actual payroll (direct 
labor). Reconciliations are often neces¬ 
sary, because of various discrepancies in 
time or for other causes. This is why 
the form provides for “accounting de¬ 
partment adjustments.” « 

The form also provides a space for 
“unaccounted-for variance,” but experi¬ 
ence shows that, for all practical pur¬ 
poses, the variance can almost always 
be accounted for when an investigation 
is properly conducted. 

The question arises: Does it pay to 
go into such details? The answer will 
vary greatly with the organization con¬ 
sidered. Experienott suggests that such 
reports do pay, because they tell why 
and by whom any amount of money is 
actually spent in excess of the expected 
amount. Corrective measures can thus 
be taken and followed up. 

In fact, in one organization the use 
of a form similar to the one shown in 
Fig. 16.7 actually resulted in savings at 
the rate of more than $40,000 a year. 
The cost of the weekly presentation of 
the report was the salary of two full¬ 
time clerks and the renting of about 
eight hours of IBM equipment. 

2. Other expense-control reports. 
Other reports may be prepared along 
similar lines and based on similar princi¬ 
ples. They should be prepared either 
permanently or temporarily whenever 
there is reason to believe that costs can 
be reduced by a better knowledge of 
their origin. Such reports may, for in¬ 


stance, refer to: utilization of equipment 
(depreciation-expense analysis), mate¬ 
rial purchase, material utilization, over¬ 
head analysis. 


7.5 UNIT-COST CONTROL REPORTS 

The first purpose of unit-cost con¬ 
trol is to help in the formulation 
of the pricing policy; the other purpose 
is to serve as a guide in controlling the 
sales mixture, in the multi-product busi¬ 
ness. Two series of reports may thus 
have to be considered. 

1. Cost reports related to pricing. A 
record of standard or estimated unit 
costs should be kept item by item. Spe¬ 
cial control reports should call attention 
to substantial discrepancies that affect 
the actual unit costs and may therefore 
make a reconsideration of the pricing 
policy advisable. If, for instance, ma¬ 
terial costs change or wage rates vary, 
or if the over- and under-absorb^ 
burden account increases unduly, a re¬ 
port should be made to show how the 
actual unit costs compare with standard 
or estimated costs and why there is a 
variance, 

2. Multi-product business: the sales- 
mixture chart. Some businesses sell only 
one product as, for instance, cement, 
yeast, ^r sugar. Other businesses sell 
only a few different products, and their 
problems of cost control, though more 
complex, are not fundamentally differ¬ 
ent from those of the uni-product busi¬ 
nesses. 

Today, however, most businesses sell 
many different kinds of products. They 
are multi-product businesses. Westing- 
house, General Electric, General Motors, 
Bausch and Lorab Optical Company, 
duPont de Nemours, Squibb and Sons 
—in fact, almost all the well-known big 
corporations and many less-known com¬ 
panies are multi-product businesses. 

In most multi-product businesses, each 
dollar of sales does not bring the same 
amount of profit. Some ^al8s are more 
profitable than others. If the “mixture” 
sold is rich in products on which the 
profit per dollar of sales is high, the 
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total profit will obviously be greater for 
a ipven amount of totd sales than if 
fhe mixture is composed essentially of 
products that bring a low profit per 
dollar of sales. 

In many businesses, the difference in 
profit margins among the various prod¬ 
ucts sold is such that the sales mixture 
is the key to success or failure. A sub¬ 
stantially tmfavorable change in the 
sales mixture may mean a much smaller 
profit than expected or even a loss when 
the total amount of sales is equal to 
or greater than the budgeted one. 

Too often, management gives only 
second place to this problem. The figure 
of total sales is too often regarded as 
magic, although, in fact, the real goal 
is to sell at a profit that will keep the 
organization running rather than to 
reach an impressive volume of sales re¬ 
gardless of profit margins. It is therefore 
advisable to organize an effective control 
of the sales mixture in all multi-product 
businesses and to report periodically on 
the actual sales mixture sold as com¬ 
pared with the sales mixture one ex¬ 
pected to sell. 

Very generally, the control of the 
sales mixture is based on the measure¬ 
ment of the gross profit per dollar of 
sales made on each product. The gross 
profit is generally computed as the dif¬ 
ference between: • 

1. The selling price of the product, 
and 

2. The sum of ; 

a. The direct-material cost. 

b. The direct-labor cost. 

c. A certain portion of the factory 
overhead, called the “burden” 
of the product. 

This approach meets with the follow¬ 
ing objections: 

1. The proportion of the factory over¬ 
head assigned to each product is deter¬ 
mined on the basis of a decision that is 
unavoidably arbitrary. Whatever the 
care taken in choosing the best-adapted 
basis for apportioning the factory over¬ 
head, there is a‘necessarily wide margin 
of approximation and oversimplification. 

2. The part of factory overhead that 
is supported by some of the products 
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sold (let us call these the products of 
Group A) would have to be transferred 
to other products, such as those of 
Groups B and C, either totally or in 
part, should the sales mixture not in¬ 
clude any product of Group A or should 
the assumed percentage of Group A 
products in relation to total sales be 
less than anticipated. The result is that 
to evaluate the final consequence of a 
change in the sales mixture—for in¬ 
stance, a decrease in the sales of Group 
A—it will be necessary to recompute the 
burden of all the products of the Groups 
B, C, etc. 

3. Finally, the allocation of the burden 
to each product tends to cloud the fun¬ 
damental issue, which is: In most busi¬ 
nesses, some lines of product offer a 
distinctly greater possibility of profit 
than others. Other things being equal, 
their sales should be encouraged. 

From a practical point '^f view, only 
the businesses that have introduced an 
effective control of the sales mixture are 
in a position to recognize and reward 
accordingly the otherwise undetected 
efforts of the salesman who pushes the 
most profitable lines as compared with 
the salesman who, primarily concerned 
with volume, sells what the customer 
more readily accepts. 

Such are the obj^tions to the use 
of gross profit for the purpose of con¬ 
trolling the sales mixture. Gross profit, 
which is the difference between the sell¬ 
ing price and the sum of direct-labor 
cost, direct-material cost, and part of the 
factory burden, is obviously the one 
value to use when it comes to decisions 
involving expense control or pricing be¬ 
cause it takes the overhead into account; 
but it is not adapted to the control of 
the sales mixture. 

It is more convenient and effective 
to use instead the notion of direct profit, 
which is, for each product, the difference 
between the selling price (or the aver¬ 
age selling price in case of multi-pricing) 
and the direct cost. It is this direct 
profit, usually given as a percentage of 
the sales dollar, that will be used as a 
basis for establishing the sales-mixture 
control. Unlike the gross profit made on 
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an itepi that includes a portion of the 
burden and therefore varies with the 
sales mixture, the direct profit made on 
an item is a stable notion. It is not, as 
is the gross profit, dependent on the 
sales mixture, which it precisely pur¬ 
ports to control. 

In addition, the notion of direct profit, 
precisely because it does take into ac¬ 
count only the costs that can reasonably 
be assigned to a product, is in accord¬ 
ance with the very purpose of the sales- 
mixture control. This purpose, in the 
final analysis, is to serve as a means 
of controlling the net profit made by 
the business. Any expense that does not 
increase or decrease substantially when 
the sales mixture changes does not need 
to be included in the sales-mixture con¬ 
trol, because it does not influence the 
net profit of the business in relation to 
sales-mixture changes. the same time, 
any expense that does increase or de¬ 
crease substantially when the sales mix¬ 
ture changes should be included in such 
a control, because the control of the 
sales mixture will in such a case influence 
the amount of net profit. 

Once the direct profit to be expected 
on each product has been determined 
within a reasonable limit of accuracy, 
the products may .then be classified on 
such a basis. Each group should include 
the products on which a comparable di¬ 


rect profit is made by the business. The 
range of variation within each group 
will be determined according to the cir¬ 
cumstances and the needs of the busi¬ 
ness. It will also depend on the total 
range of variation of direct profit, from 
the most profitable to the less profitable 
item. 

The control of the sales mixture, as 
soon as there is a substantial number 
of products, may become very complex, 
especially if the range of variation in 
direct profit is a wide one. 

Yet, to be meaningful, the control of 
the sales mixture must detect unsatis¬ 
factory conditions as soon as they begin 
to develop. In other words, it must be 
exercised at frequent intervals. Further¬ 
more, if the distribution is done on a 
wide market, it must be exercised dis¬ 
trict by district. 

Such a control is greatly facilitated by 
the use of a graphical representation, 
the “sales-mixture chart.” This chart and 
its use will be described in terms of an 
actual case. 

A business manufactures and sells 
about 200 different items. The analysis 
of the direct profit made on each item 
revealed that the range of variations 
extended from slightly more than 20 
cents to a little less than 85 cents on 
the sal^ dollar. (In fact, the company 
sells at three different prices: wholesale 
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FIG. 16.8 'sales mixture chart. 


retail, and export. A standard selling 
price was adopted for each product for 
the purpose of sales control.) 

It was decided to classify the items 
into 15 groups, numbered 1 through 15, 
according to the direct profit made on 
each dollar of sales. The sales forecast 
for each group of items during a given 
period, expressed in percentage of total 
sales, is shown in Table 16.3. 

These data were plotted as in Fig. 
16.8. The groups are in abscissa (repre¬ 
sented on the chart by their average 
direct profit). Thetr size, expressed in 
percental of total sales, is plotted in 
ordinate. The r&ulting curve is a sales- 
mixture chart. 

The sales-mixture chart in Fig. 16.8 
was then taken as an acceptable stand¬ 
ard and served as a basis for actual 


sales-mixture control. The data related 
to a given subsequent period will be 
plotted on the same graph and will re¬ 
sult in another curve, which will be 
compared with the sales forecast 
curve. 

A new curve, more skewed to the left, 
indicates a higher proportion of less 
profitable sales. The opposite is true if 
the new curve is more skev/ed to the 
right. If the skewness is approximately 
unchanged, or if it is a favorable one, 
no action is taken. If the new sales 
mixture is unfavorable, management's 
attention is called to the situation and 
it may, at its choice, take appropriate 
action. This does not necessarily imply 
a reduction of total sales, but rather 
an attempt to substitute more profitable 
lines for less profitable ones. 
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I. INTRODUCTION 

The industrial engineer works at 
the bridgehead where technological 
problems merge into social questions. 
The civil engineer, the electrical engi¬ 
neer, the mechanical engineer have al¬ 
ways been applied economists. Their jojb 
has been to build a dam, design a dy¬ 
namo, or fabricate metal shapes to 
yield a maximum output at a minimum 
cost. 

The industrial engineer’s techniques 
go beyond the mechanical cost factor. 

He is a designer cf organization struc¬ 
tures and administrative techniques to 
achieve specific industrial purposes and 
is therefore saddled with all the prob¬ 
lems attending human relationships. 
This means that the effective industrial 
engineer must become apt in the fields 
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of anthropology, sociology, and psy¬ 
chology, among others. Above all, in a 
democratic society he must understand 
the relationship between efficiency and 
consent. 

Many of the techniques which the en¬ 
gineer wants to use are frustrated by his 
inability to secure this consent from 
the working group. The labor movement 
today is the principal organized force 
through which the engineer speaks to 
and negotiates with workers. For ex¬ 
ample, the industrial engineer wants to 
raise productivity. Who can be against 
increased productivity? It’s like being 
against the Ten Commandments. He 
asks the trade unionist, "Y<)M’re in favor 
of increased productiorf aren’t you?” 
Then the industrial engineer goes to 
work. He pulls out a stop watch and is 
ail but physically thrown out of the 
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plant. He proposes a job evaluation sys¬ 
tem and is laughed at. He demonstrates 
with movies, if you please, that it is 
easier to move a piece of metal ten 
inches than ten feet, and still the worker 
insists upon his old ten-feet method. 

Yes, the other engineers may have 
their problems, but nothing like this. If 
the civil engineer wants to understand 
what it’s like to be an industrial engi¬ 
neer, let him visualize a dark, eerie 
Halloween night on which spirits, ani¬ 
mate and inanimate, are abroad. Along 
comes the bridge, which is his pride and 
joy, spanning a majestic river. It ad- 
dre.sses him in these words: “Hey, do 
you know that I could have remained 
standing and carried just as big a load 
if you had used one quarter the tonnage 
of steel that my poor piles must hold 
up?” 

This is just an everyday experience 
for the industrial engineer. The appear¬ 
ance of the trade union in the picture 
merely gives open, organized expression 
to this feeling. It at least means that 
the engineer can deal with this problem 
through an organized group. 

It is, of course, important that the 
engineer know what the attitude of 
the labor movement is toward any of 
the techniques he wants to install, but 
it is even more important that he under¬ 
stand the reasoning behind the tJnion’s 
attitude. The logic behind the labor 
movement’s attitude toward time study, 
job evaluation, wage incentive payment 
plans, and so forth, is best understood 
against an examination of the nature of 
the trade union institution itself. How 
does the union think? How does its 
system of values, from which much of 
its thinking stems, differ from the cus¬ 
tomary reasoning of management? 


2 . ATTITUDES AND IDEOLOGIES OF 
OBGANIZED LABOR 

An attempt will be made to ex¬ 
amine the basic thinking behind 
the trade union, the development and 
evolution of this thinking, and the par¬ 
allel history of the scientific management 
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movement and the trade unions as they 
interacted on each other. We shall then 
proceed to an analysis of the growth of 
a trade union philosophy of industrial en¬ 
gineering. We shall examine specific areas 
of industrial engineering such as time 
study, wage incentive payment plans, and 
job evaluation techniques. We shall trace 
different trade union attitudes, making 
use of cases before the National Labor 
Relations Board and private voluntary 
arbitrators. Finally, we shall examine 
the related and relatively new fields of 
industrial psychology, including aptitude 
testing and human relations techniques, 
to determine what trade union reactions 
can be expected in that area. 

Sidney and Beatrice Webb are the 
recognized historians of Western trade 
unionism here and abroad. They trace 
the pressure for trade unionism to the 
divorce of the ^l^orker from the tools 
which he requires to do his work. Unions 
arose, they tell us when 

. . . the great bulk of the workers had 
ceased to be independent producers, 
themselves controlling the processes and 
owning the materials and product of 
their labor, and had passed into the 
condition of lifelong wage earners, pos¬ 
sessing neither the instruments of pro¬ 
duction nor the comnibdity in its finished 
state.* 

Contrary to most general notions, 
trade unionism did not arise as a great 
revolt of a miserably paid, unskilled 
proletariat. Philip Taft says, “It was not 
the worker who had the lowest bargain¬ 
ing power but the one with the greatest 
sense of independence who pioneered the 
trade union movement.” t 

This development was inevitable, for 
only the worker with the greatest sense 

♦We are indebted to the Trustees of 
the late Lord Passfield for permission to 
reproduce an extract from History of Trade 
Unionism by Sidney and Beatrice Webb, 
published by Messrs. Longmans, Green & 
Co. Ltd. 

t Philip Taft, "Theory of the Labor 
Movement,” in Interpreting the Labor 
Movement (Industrial Relations Research 
Association, December 1952), 5. 
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of independence was willing to challenge 
the authority of the employer in the 
early days of organization, and it re¬ 
quired some threat to existing customs 
and standards to initiate organization. 
Therefore, it was not the propertyless 
proletariat of Marx, but the labor 
aristocrat who was the pioneer of trade 
unionism. 

This concept of the initial organization 
of trade unions is of great importance 
in understanding current labor move¬ 
ment behavior. It provides the rock 
upon which so many ideological pre¬ 
tensions, served up by both friendly 
intellectuals and ambitious labor lead¬ 
ers, have foundered. 

Defining the objectives of the labor 
movement has been undertaken by social 
scientists, ideologists, and the labor lead¬ 
ers themselves. To begin with, the term 
“labor movement” is a much broader 
classification than ftie term “trade 
union.” Trade union activities themselves 
are generally confined to activities which 
bear immediately upon questions of 
wages, hours, working conditions, and 
the direct-pressure techniques such as 
strikes to secure these objectives. Labor 
movement activities include a much 
broader area, extending to such matters 
as politics, civic activities, and problems 
relating to the general welfare. The 
priority that any of these activities takes 
is not always reflected in the correlative 
amount of publicity that each of these 
activities receives. The general public is, 
therefore, likely to be confused about 
the central purpose of the trade union. 
This confusion was compounded by 
revolutionary ideologists who had hoped 
to use the trade unions as levers to 
overthrow existing social relationships 
and to remake society into a new 
utopian image. 

The fact of the matter is that the 
first classification of imions undertaken 
by Hoxie attempted to list them in 
accordance with the ideological pattern 
professed by their different current 
leaders.* 

*R. F. Hoxie, Scientific Management 
and Labor (New York: D. Appleton & 
Co., 1915). 


Hoxie's successors have revised his 
original listings somewhat, but to this 
day the rather vague phrase of conserv¬ 
ative unionism vs. progressive unionism 
remains in common usage. 

Conservative unions are loosely iden¬ 
tified as business unions that profess no 
particular long-run objectives. They are 
supposed to 1)6 opposed to the use of 
the strike weapon, to emphasize craft 
jurisdictions, and continually to be em¬ 
broiled in jurisdictional disputes. They 
are supposed to eschew political interest 
and to confine their solidarity and inter¬ 
est to their own immediate membership. 

Progressive unions are likely to pro¬ 
fess political attitudes varying from an 
enthusiasm for specific New Deal meas¬ 
ures to a complete reorganization of 
society into a democratic cooperative 
commonwealth. They tend to emphasize 
the industrial form of organization. 
Their emphasis on working-class solidar¬ 
ity is supposed to keep them clear of all 
jurisdictional contests. 

Yet when we analyze the day-to-day 
activities of both types of unions, we 
are struck by their similarities rather 
than by their differences. Strangely 
enough, both the unions that started 
with radical or socialist aspirations and 
those that either did not question the 
social order or even expressed positive 
loyaJty to private enterprise found that 
they were doing essentially the same 
thing. The philosophy pursued by unions 
in their actions, irrespective of any 
ideological professions, was first formu¬ 
lated by Professor Selig Perlman of the 
University of Wisconsin, whose theory 
of job-conscious unionism built the whole 
dynamics of the labor movement around 
the job. 

Professor Perlman has pointed out 
that unions base themselves on a con¬ 
sciousness of limited job opportunities 
—a situation which requires that the 
individual worker, both in his own in¬ 
terest and in the interest of the group 
to which he belongs, occupy his job on 
the condition that he* observe the com¬ 
mon rules formulated for the group by 
his union. The union in turn seeks by 
collective bargaining with the employer 
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to establish rights in the jobs for both 
the individual and the whole group* 

The bankruptcy of these old ideologi¬ 
cal divisions becomes apparent when we 
examine the actual trade unions. An 
old conservative trade union like the 
A.F. of L. Teamsters Union has ex¬ 
tended its jurisdiction to warehouses, 
so that to all intents and purposes it 
has become an industrial union. 

On the other hand, the CIO United 
Auto Workers Union has been compelled 
to modify its industrial structure to give 
recognition to craft problems. For ex¬ 
ample, it has created a special tool and 
die council charged with taking up the 
problems of higWy skilled workers. 

The preoccupation of trade union 
leadership with the day-to-day problems 
of unions, irrespective of the political 
and ideological conviction professed by 
any of them, soon places any utopian 
panaceas in the background. Negotiating 
contracts, administering agreements, 
handling grievances become the full-time 
job of the trade unionist. Political ac¬ 
tivity in which trade unionists do en¬ 
gage is strictly subordinated to these 
considerations. 

This preoccupation has been the bane 
of many an ambitious intellectual. When 
a union is attempting to establish itself 
in its early developmental stages, it 
attracts a wide variety of people .•Some 
of them are dedicated idealists who look 
upon the trade imion movement as a 
lever that will enable them to recon¬ 
struct society along models which they 
have developed out of either a Marxist 
philosophy or some other revolutionary 
philosophy. Others who are attracted 
are either conscious or unconscious 
agents of the Soviet foreign office, and, 
as members of the Communist Party, 
seek influence in the organization to 
shape it to the Party's needs. These 
needs may vary from ver> close col¬ 
laboration with employers to raise pro¬ 
duction to pointless strikes designed to 
wreck the economy. A communist-led 

•S. Perlman, A Theory of the Labor 
Movement (New York: Augukus M. Kel¬ 
ley, 1949). 
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union is not a left-wing union. It is an 
American institution captured by the 
agents of a foreign power to serve the 
needs of that foreign power in very 
much the same manner that the pre-war 
management of many foreign corpora¬ 
tions were institutions designed to serve 
the needs of the Nazi foreign office. 

Sooner or later, a conflict develops 
between the elements in the union who 
are attempting to serve the economic 
needs of the workers and those who are 
dedicated to the use of the organization 
to promote the needs of their new 
model society. Very often, the very lead¬ 
ers who may have come to power be¬ 
cause they were driven by the idealistic 
vision of the new society they were going 
to create find that they are the victims 
of a new schizophrenia. They must 
choose between the immediate economic 
needs of their members and the long¬ 
term requiremeiAs of their vision. The 
United States’ democratic atmosphere, 
which has always been pragmatically 
anti-ideological, compels them, if they 
are to remain as trade union leaders, to 
seek the satisfaction of short-run eco¬ 
nomic ends. 

The history of the last few years is 
replete with examples of progressive 
trade unionists who began as heroes of 
the Daily Worker on^ to be later de¬ 
nounced as arch villains. Others have 
been pilloried by anti-Stalinist intellec¬ 
tuals for not making their trade union 
the springboard of power policies which 
would reshape society nearer to their 
heart’s desire. 

The manner in which a wedge is 
driven between the trade unionists and 
the ideologists is perhaps best illustrated 
by two examples. Some trade unionists 
had made it a habit to endorse some 
of the many communist “fronts,” such 
as the communist-controlled Civil Rights 
Congress. Attacks upon them were ig¬ 
nored by these trade unionists. Many 
of the people who had attacked them 
they recognized as people whom they 
had bitterly fought to organize their 
union in the first place. Sending dele¬ 
gates to a Civil Rights Congress didn’t 
particularly interest them and didn’t 
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interfere with any critical economic 
problems which they had to face. On ti^ 
other hand, when the Communist Party 
attempted to mobilize them to call ir* 
responsible strikes or to protest the 
Marshall Ran, many of these unionists 
who had been pliable communist allies 
before told the commtmuts to go to 
hell. Calling a nim-eeoncmiie str&e 
merdy to contribute to chaos in the 
Umted States might serve the purposes 
of the Commimist Party, but it would 
wreck the trade union which the leader 
heads. Denouncing the Marshall Plan 
might again serve the needs of the 
Soviet foreign office, but the inaugura¬ 
tion of the Marshall Plan meant em¬ 
ployment for many trade unionists in 
export industries. Confronted with this 
dilemma, the trade unionist who was 
either friendly or indifferent to the com¬ 
munist had to become actively hostile. 

The Socialist Party |pcountered a 
very similar experience though for an 
altogether different set of reasons. Build¬ 
ing a socialist force in the United States 
called for the election of socialist candi¬ 
dates. On the other hand, preserving 
the collective-bargaining position of 
American unions called for the election 
of New Dealers. Again in the choice be¬ 
tween ideological allegiance and the col¬ 
lective-bargaining neg(ls of the union, the 
collective-bargaining needs took prece¬ 
dence. 

Neither the Mandat economist nor the 
classical economist has much patience 
with everyday, undramatic trade un¬ 
ionism. The classical economist finds 
the union interference with the normal 
competitive forces governing wages and 
hours an imbearable assault upon his 
carefully nurtured escape from reality 
called “a picture of our economy.” The 
Marxist finds the trade union a barrier 
to his leadership of the working masses, 
whom history has predestined as the 
vehicle that will carry him to political 
power. The trade unionist in turn ex¬ 
claims a pox on both their houses and 
continues to pursue his aims. They are: 

1. To provide a means for the demo¬ 
cratic settling of wage rates and working 
conditions. 


2. To replace the little oriental des¬ 
potisms that formerly made up our 
business world with democracies gov¬ 
erned by a code of juridical law. 

Perhaps Tannenbaum has put it best 
when he says, “The trade union move¬ 
ment has survived because it satisfies 
the workers’ craving for moral status 
in a recognizable society.”* 

The most important conclusion that 
an industrial engineer can draw from 
this picture of the labor movement is 
that the reaction of any particular or¬ 
ganization to a proposal for an engineer¬ 
ing installation will depend much more 
on the economic and industrial problems 
as they reveal themselves in collective 
bargaining than on either the ideological 
professions of the union leadership or 
the resolutions that are extracted from 
convention proceedings. For example, 
the constitution of the International As¬ 
sociation of Machinists, A.F. of L., 
prohibits the recognition or promotioTi 
of incentive wage payment plans. Yet 
collective-bargaining realities have com¬ 
pelled the leadership of the I.A.M. to 
maintain specialists in these fields on 
their headquarters staff to cope with 
these problems as they arise. This is a 
good example of the cultural lag between 
the ceremonial expressions of the labor 
movement and its actual operating be¬ 
havior djftated by common-sense prag¬ 
matism. 

Present practices can best be under¬ 
stood, however, against the background 
of the concurrent development of the 
American labor movement and the scien¬ 
tific management movement. The evolu¬ 
tion of the trade union movement’s atti¬ 
tude toward productivity and the im¬ 
pact of the collective bargaining process 
on productivity itself reveal a uniquely 
American phenomenon which has made 
the United States the most productive 
country in the world. 


♦ Reprinted from A Philosopht/ of Labor 
by Frank Tannenbaum, by permission of 
the publisher, Alfred A. Knopf, Inc. Copy¬ 
right 1950, 1961 by Alfred A. Knopf, Inc., 
p. 13. 
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3 . THB WTRODUCTION OF SCIEN¬ 
TIFIC MANAGEMENT 

Taylor’s publication in 1895 of his 
paper, A Differential Piece Rate, 
can be taken as the starting point of 
the scientific management movement. 
This was just nine years after Samuel 
Gompers had called the founding con¬ 
vention of the American Federation of 
I>abor. 

McKelvey has divided the history of 
the relationship between the scientific 
management movement and the labor 
movement into these distinct periods to 
which I have added a fourth. 

1. A period of unmitigated hostility 
between scientific management and or¬ 
ganized labor, lasting from 1911 to 1915. 

2. A period of transition, extending 
from 1915 to 1917. 

3. A period of friendliness and under¬ 
standing between the two movements, 
up to the great depression. 

4. The emergence of a positive trade 
union philosophy of industrial engineer¬ 
ing following the great organization 
drives and with the passage of the New 
Deal legislation.* 

The remainder of this section will 
treat the development of the first three 
periods. 

Taylor's philosophy of scientific man¬ 
agement left no room in the .^scheme of 
things for trade unionism. Actually un¬ 
derpinning Taylor’s philosophy was a 
doctrine of rugged individualism which 
left no room for any teamwork concept. 
Every worker was pitted against every 
other worker in a wild competitive 
scheme to make more and earn more. 
When Taylor illustrated his philosophy 
with examples like those of the pig-iron 
handlers who in return for an increase 
in output on a hand-paced operation of 
400 per cent were rewarded with a 40 
per cent increase in wages, the fury 
of the trade unionists waxed hot. The 
issue was formally joined when the gov¬ 
ernment ^Introduced the Taylor Premium 

•J. T. McKelvey. AFL AUitudea 
Toward Production, 1900-19Si (Ithaca: 
Cornell Studies in Industrial A Labor 
Relations, Vol. II, 1WI2). 
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Pay Plan at the Watertown Arsenal in 
Massachusetts in 1909. The unionized 
molders struck and were immediately 
supported by the American Federation 
of Labor. Gompers wrote vitriolically 
in the American Federationist: 

Systematization in getting materials 
ready for the ultimate workman on the 
final job is not novel but scientifically 
building up the skilled mechanic him¬ 
self . . . molding, hammering, filing and 
polishing him off in order to fit him for 
his theoretically best usefulness—that 
charms us unto the very soul.* 

But Taylor insisted: 

An establishment running under the 
principles of scientific management will 
confer far greater blessings upon the 
working people than could be brought 
about by any form of collective bar- 
gaining.t 

Taylor insisted that the distribution 
of the product among labor, the con¬ 
sumer, and the public could be done 
on an objective scientific basis. This 
confusion of scientific concepts with 
value judgment was behind much of the 
antagonism that Taylor generated 
among trade unionists. The promotion 
of scientific management systems to 
managers as substitutes for trade unions 
made this a master of life* and death 
with the unions. 

In 1910, Louis D. Brandeis, later a 
Supreme Court Justice, introduced the 
testimony of one of the leaders of the 
scientific management movement, Har¬ 
rington Emerson, into a case before the 
Interstate Commerce Commission. Mr. 
Brandeis was appearing on behalf of a 
group of shippers who were protesting 
the application of the railroads for an 
increase in freight rates. Mr. Emerson 
testified that the railroads could save 
themselves $1,CXX),(XX) per day by the 
adoption of scientific management tech¬ 
niques. This made the conflict between 
the scientific management movement 

* Ibid., p. 16. 

t Reprinted by permission from Fred¬ 
erick W. Tai/lor by F. B. Copley, Vol. II 
(New York: Harper and Brothers, 1923), 
p. 416 



1127 


nAOf UNKMK AND INDUSTRIAl fNOmmUNO 


»3 

and the labor movement front-page neira 
and led to a number of government in¬ 
vestigations. The proceedings before 
these public bodies gave both sides an 
opportunity to spell out the issues and 
their respective positions. 

The first of these bodies was an inves¬ 
tigating committee of the House of Rep¬ 
resentatives. The purpose of the com¬ 
mittee was to determine whether or not 
the techniques of scientific management 
should be permitted in government ar¬ 
senals and navy yards. 

The following exchange before the 
committee points up the conflict between 
the exponents of scientific management 
and the leaders of organized labor. 

The Chairman; The other day Mr. 
Taylor, you made the statement that the 
mechanism of scientific management 
was a power for good and a power for 
bad. I 

Mr. Taylor; Yes, sir. 

The Chairman; Now, if scientific man¬ 
agement is a power for good and a power 
for bad and scientific management re¬ 
quires that there shall be only one di¬ 
recting head, with no interference with 
the law of that directing head, how is 
the workman going to protect himself 
against the power for bad that is in that 
system? 

Mr. Taylor: Wh^, that is not scientific 
management, Mr. Chairman. I have 
tried to point out that the old fashioned 
dictator does not exist under scientific 
management. The man at the head of 
the business ... is governed by rules 
and laws. . . . 

The Chairman; If the enforcement of 
a law, however, is dependent upon the 
will of a man who has the power to 
violate it, there is not much likelihodd 
of the law being enforced against him 
is there? * 

Organized labor could not have ex¬ 
pressed its view any more clearly than 
this government representative. Some 
four years later, however, a rider was 
attached to a naval appropriations bill 


♦Reprinted by permisnon from 5cien- 
tific Management by F. W. Taylor (New 
York: Harper and Brothers, 1911), p. 188- 
189. 


prohibiting the use of government funds 
for stop-wateh studies in government 
plants. 

In 1914, the United States Commis¬ 
sion on Industrial Relations undertook 
still another investigation of scientific 
management as one phase of its total 
investigation of United States industrial 
relations. When Carl Barth, a leading 
associate of Taylor’s, was called to the 
stand, the following exchange took place 
between him and the chairman. 

Mr. Thompson; Then you have not 
taken into consideration the question 
of collective bargaining? 

Mr. Barth: No; not very seriously, 
because I do not shake bands with the 
devil.* 

Attitudes like this were hardly designed 
to endear the scientific management 
movement to the labor unions. 

Professor Robert R. Hoxie of the Uni¬ 
versity of Chicago was requested by the 
Commission on Industrial Relations to 
undertake an investigation of whether 
or not there were any possibilities of 
reconciling the scientific management 
movement with the organized labor 
unions. Professor Hoxie was joined by 
John P. Frey, editor of the A.F. of L, 
Maiders Journal, and Robert G. Valen¬ 
tine, a management counselor. 

The •labor movement objections to 
scientific management that were ex¬ 
amined by the investigators may be 
divided into two categories: conflicts 
over techniques involving pure difference 
in measurement, and conflicts implied 
in different interpretations of just how 
our economy works. Among the meas¬ 
urement objections may be listed the 
following: 

It [scientific management! looks upon 
the worker as a mere instrument of 
production. . . . 

[It! stimulates and drives the workers 
up to the limit of nervous and physical 
exhaustion. . . . 

[It] holds that if the j.a^ can be per¬ 
formed it is not too great. . . . 

• McKelvey, AFL Attitudes Toward 
Production, 1900-19S2, p. 19. 
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It tends to set the task on the basis of 
stunt records of the strongest and swift¬ 
est workers without due allowance for 
the human element or unavoidable 
delays. . . . 

It ordinarily allows the workman no 
voice in . . . the setting of the task . . . 
or the general conditions of employ¬ 
ment. . . .* 

Note that every one of these objections 
is a measurement objection—that is, 
a rejection of the management method 
of measuring a task. 

Now follow another set of objections 
based upon a conflict in ideas about the 
automatic distribution of the fruits of 
high productivity. 

It leads to overproduction and the in¬ 
crease of unemployment. It puts into the 
hands of employers at large an immense 
mass of information and methods which 
may be used unscrupulously to the 
detriment of the workers . . . and offers 
no guarantee against the abuse of its 
professed principles and practices. . . . 

It forces the workers to depend upon 
the employers’ conception of fairness 
and limits the democratic safeguards of 
the workers. . . . 

Finally, 

It concerns itself almost wholly with 
the problems of production, disregarding, 
in general, the vital problem of distribu¬ 
tion. . . . [It] violates and indefinitely 
postpones the application of the funda¬ 
mental principle of justice to distribu- 
tion.t 

If the Hoxie Commission did not bring 
about a reconciliation between the scien¬ 
tific management movement and the 
trade unions, it did at least clearly spell 
out the issues. The Hoxie Report can 
be said to close the first period of im- 
mitigated antagonism between organized 
labor and the .^ientific management 
movement. 

A dissident group, however, within 
the scientific management movement 
had begun to express itself somewhat 
earlier than'tl^e Hoxie Report. 

* Hoxie, Scientific Management and 
Labor, p. 169. 
t Ibid., pp. ^0-173. 


The groundwork for a transition to 
a more viable relationship between these 
two currents of thought was being laid 
by men like Henry Gantt, Robert G. 
Valentine, Morris Cooke, and Louis D., 
later Justice, Brandeis. Brandeis had de¬ 
clared in his original brief, submitted in 
1910 in the Eastern States Railroad Rate 
Hearing, that 

Collective bargaining is alike an im¬ 
portant function under scientific manage¬ 
ment and under the old system. 

The following exchange between Bran¬ 
deis and Gantt took place at the hearing. 
Gantt was an expert witness. 

Mr. Brandeis: But it is, as Commis¬ 
sioner Clark has pointed out, perfectly 
possible, and indeed very probable that 
there would always be two sides to the 
bargain? 

Mr. Gantt ifYes, sir. 

Mr. Brandeis; Because you would 
have to fix the terms where the bonus 
would begin, and the amount of the 
bonus, and therefore collective bargain¬ 
ing in the sense of having a union to 
represent the working men, would . . . 
be just as necessary and just as benefi¬ 
cial in its operation as it is today.* 

Henry Gantt had shown some sus¬ 
picion that the ipere institution of 
scientific management would not neces¬ 
sarily lead to imlimited production. As 
early as 1910, he had observed that the 
administrators of some of these tech¬ 
niques seemed to be more interested in 
making prices than they were in making 
products.? 

It was in 1915, however, that Robert 
G. Valentine published bis classic paper 
The Progressive Relationship between 
Efficiency and Consent. He stated: 

Under constitutional industrial rela¬ 
tions, they [the unions] will contest the 
share in the management and the share 
of the product between themselves and 
the consumer. 


*L. D. Brandeis, “Scientific Manage¬ 
ment,” Engineering Magazine, 1911, 55. 

t H. Gantt, "Work, Wages and Profits,” 
Engineering Magazine, 1911, 231. 
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Separating the problems of scientific 
management into two categories, he 
called the Taylor Society to provide a 
planning department to treat two classes 
of problems: 

1. Those relating to the determination 
of the best way of performing an opera¬ 
tion under a given set of conditions. 

2. Those relating to the social, indus¬ 
trial and moral effects of putting into 
operation the organization or methods 
which scientific investigation has deter¬ 
mined to be technically the best. 

Finally, he defined the relationship 
between efficiency and consent—the doc¬ 
trine that the worker individually and 
in organized groups has a right to share 
in the determination of the conditions 
under which new technical methods and 
apparatus shall be put to use. 

Shortly thereafter, Valentine and 
Brandeis received an opportunity to 
apply their technique^ experimentally 
amid a good deal of hope and optimism. 

In January, 1916, a board of arbitra¬ 
tion, of which Louis D. Brandeis was 
a member, handed down an award re¬ 
vising "A protocol of peace governing 
the relationship between the Dress and 
Waistmakers Association of New York 
City and the International Ladies’ Gar¬ 
ment Workers’ Union.” The award pro¬ 
vided for a board^of protocol standards 
charged among other duties with super¬ 
vising the making and testing of piece 
rates and the assignment of standard 
times to different operations in the 
garment industry. Robert G. Valentine 
was chosen as the first chairman of this 
board. The board was set up in March, 
1916, but by September disagreements 
and rejection of its finding by the em¬ 
ployers’ association had led to complete 
ineffectiveness. By 1917, we were in 
World War I; Valentine had died and 
a new era in the importance of organized 
labor in federal affairs had begun.* 
World War I opened up new oppor¬ 
tunities to leaders of the labor move¬ 
ment. President Wilson instructed the 

* L. Levine, The Women’s Garment 
Workers (New York: Huebsch, Inc., 19^), 
pp. 306-309. 


Secretary of Labor to set up a federal 
board of arbitration. The ^cretary of 
Labor set up a war labor conference 
board on which there was an equal num¬ 
ber of representatives from the National 
Industrial Conference Board and the 
American Federation of Labor. The con¬ 
ference suggested the organization of a 
National War Labor Board. The new 
agency was governed by the following 
principles: 

1. The right of workers to organize in 
trade unions and to bargain collectively 
through chosen representatives is recog¬ 
nized and affirmed. 

2. Employers should not discharge 
workers for membership in trade unions 
nor for legitimate trade union activ¬ 
ities.* 

These measures lent labor a degree 
of security. Finally, when Samuel Gom- 
pers himself was chosen a member of the 
advisory commission of the Council of 
National Defense, it meant that the 
scope of his activities reached outside 
the immediate employer-employee re¬ 
lationship. Other labor leaders were 
called upon to serve on various policy¬ 
setting boards. In addition, a friendship 
developed between Morris L. Cooke and 
Samuel Gompers. Cooke was one of 
Taylor’s original associates and was 
prominent in the affairs of the Taylor 
Society and the American Society of 
Mechanical Engineers. It was this social 
contact that led to the reconciliation 
between the leaders of the scientific 
management movement and the organ¬ 
ized labor movement. The experience 
that organized labor had developed in 
its participation in joint labor manage¬ 
ment committees led the movement to 
look forward to a constructive relation¬ 
ship between itself and management 
following World War I. The regular 
stream of management took its leader¬ 
ship from Elbert Gary of United States 
Steel. Strangely enough, the group 
around the Taylor Society became a 
sort of left-wing management group 
which continued to deVelop an experi- 

* McKelvey, AFL Attitvdes Toward 
Production, 1900-19St, p. 33. 
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mental approach to the theory of or¬ 
ganization and administration of indus¬ 
trial enterprises and labor participation 
in these functions. 

In 1919, the year following the end of 
the war, two developments took place. 
First, President Wilson called an indus¬ 
trial conference to enable labor and 
management to set out a policy that 
would promote production and preserve 
industrial peace. Second, Samuel Gom- 
pers agreed to edit jointly with Morris 
L. Cooke and Fred Miller, President of 
the American Society of Mechanical 
Engineers, a set of papers expressing the 
points of view of the industrial scien¬ 
tists and the representatives of organized 
labor. This volume was published by the 
American Academy of Political and So¬ 
cial Science. 

The contrast in approach and treat¬ 
ment of the problem by the manage¬ 
ment participating in the President’s 
Conference on Industrial Relations and 
the group editing the Annals of the 
American Academy of Political and 
Social Science is perhaps best indicated 
by the material published by each of 
the groups. 

The President’s Industrial Conference 
broke up when management insisted 
upon the following resolution: 

Resolved; that without in amr way 
limiting the rights of wage earners to 
refrain from joining any association or 
to deal directly with the employer as he 
chooses, the right of the wage earners 
... to bargain collectively with em¬ 
ployers is recognized. The right of the 
employer to deal or not to deal with 
groups of men who are not his em¬ 
ployees is recognized.* 

By way of contrast, in the volume, 
“Labor Management and Production,” 
the engineers strese&d the importance of 
giving labor a voice not only in collective 
bargaining but in industrial management 
itself.t 


• The Newt York Times, October 17, 
1919. p. 1. 

t “Labor Management and Production,” 
Annals of the American Academy of Po¬ 
litical and Social Science (1920), pp. viii-ix. 


The overwhelming majority of man¬ 
agement representatives took their cue 
from the Industrial Relations Confer¬ 
ence statement. A great union-busting 
campaign was undertaken which reduced 
the importance of the unions to a 
shadow of their World War I strength. 

The publication of Waste in Industry 
in 1921 marked another milestone in 
bridging the gap between organized 
labor and the leadership of the scien¬ 
tific management movement. This vol¬ 
ume was the outcome of a proposal made 
by Herbert Hoover to the Council of 
the Federated American Engineering 
Societies that a group of engineers con¬ 
duct an organized survey of a number 
of chosen industries .and make recom¬ 
mendations for the elimination of waste¬ 
ful practices. The committee assayed the 
wastes in industry and made recom¬ 
mendations calling for the participation 
of labor in administrative decisions that 
would eliminate waste. In other words, 
instead of merely philosophizing about 
labor’s participation in industry, it pio¬ 
neered a blueprint for such participa¬ 
tion.* 

The leaders of organized labor pro¬ 
tested in vain ^heir new-found interest 
in production. As late as 1925, labor 
still proclaimed; 

There is still a more important service 
that the union can render, that of par¬ 
ticipating in finding better methods of 
production and greater production econ¬ 
omies. A group of workers cannot enter 
into this type of cooperation unless they 
know the results of their work will not 
be used to their disadvantage. 

We recommend that the Federation 
keep in touch with such engineers and 
industrial experts as may be helpful in 
developing the information and pro¬ 
cedure necessary to union management 
cooperation.t 

Gompers was invited to make speeches 
to the American Society of Mechanical 
Engineers, and Green, his successor, to 

* McKelvey, AFL Attitudes Toward 
Production, 1900-1992, p. 69. 

M926 Report of the Executive Council 
of the American Federation of Labor Con¬ 
vention, p. 32. 
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the Taylor Society. A number of inter¬ 
esting experiments emerged out of this 
cooperation between management’s left 
wing and the American labor movement, 
but by and large the twenties was an 
“ice age” for labor with an occasional 
warm island known as an experiment in 
union-management cooperation. 

Under the influence of men like 
Morris L. Cooke, Otto Beyer, and 
Geoffrey Brown, several joint experi¬ 
ments were taken up in the twenties. 
The Cleveland agreement between the 
International Ladies’ Garment Workers’ 
Union and the Cleveland Manufacturers 
Association, the Baltimore and Ohio ex¬ 
periment, and the Naumkeag experi¬ 
ment were the most heavily publicized 
of these ventures. 

The agreement between the Cleveland 
Manufacturers Association and the In¬ 
ternational Ladies’ Garment Workers’ 
Union called for the sitting of piece 
rates by time study techniques. 

Under the Baltimore and Ohio experi¬ 
ment, committees of workers were set 
up independent of grievance committees 
to make operating suggestions in the 
maintenance shops of the railroads. 

The agreement between the United 
Textile Workers Union of America and 
the Naumkeag textile mills in New Eng¬ 
land likewise caIled*for the use of time 
study techniques to increase work loads. 

The experiences which these unions 
accumulated with the technique were 
later to give rise to the positive develop¬ 
ment of a trade union philosophy of 
industrial engineering. The common de¬ 
nominator shared by these experiments 
was that the unions frankly acknowl¬ 
edged an interest in increasing produc¬ 
tion, and administrative machinery was 
set up in each case to help the parties 
carry through their objectives. 

Each of the experiments had termi¬ 
nated by 1931, when the great depres¬ 
sion made any concern with productivity 
by either management or labor appear 
completely obsolete. The course of the 
experiment during its successful phase 
left very little impression on American 
industry, although it did cause some 
connnotion in the intellectual world. At 


the time of the demise of the ex¬ 
periments, the fundamental industrial 
relations policies of lai^ American 
mass-production corporations remained 
anti-union, and it was they rather than 
the intellectual who dictated the business 
environment. 

It is difficult to draw a fine line be¬ 
tween the area where ordinary collective 
bargaining ceases and union-manage- 
ihent cooperation begins. Collective bar¬ 
gaining itself starts with a pure conflict 
psychology and then, in a developing re¬ 
lationship, the conflict is attenuated and 
a new relationship develops out of the 
old. For example, John Mitchell, Presi¬ 
dent of the United Mine Workers of 
America, in 1890 defined trade agree¬ 
ments as “. . . treaties of peace deter¬ 
mining the conditions under which the 
industry will be carried on.” Note that 
the whole emphasis is on conflict, either 
active or suspended. 

Ordinary collective bargaining begins 
to evolve into union-management co¬ 
operation—or into an invasion of man¬ 
agement prerogatives, depending upon 
your set of prejudices—when the union 
is ready to discuss subjects like produc¬ 
tion and sales outside the immediate 
employer-employee relationship. All 
through the twenties the American Fed¬ 
eration of Labor emphasized its devo¬ 
tion to* the concept of union-manage¬ 
ment cooperation. It frankly was using 
cooperation in good faith as an organiz¬ 
ing technique. The southern organizing 
drive of the twenties made its appeal 
to employers by offering the services of 
the Federation to reduce wastes and in¬ 
crease work loads by setting up com¬ 
mittees to give workers a democratic 
voice in decisions affecting them. Presi¬ 
dent Green undertook a speaking cam¬ 
paign in the South in which he publi¬ 
cized the doctrine. He said: 

We offer to management and to the 
owners of industry a cooperative organi¬ 
zation willing to give the best we have 
in training and service and ^11 in order 
that the industry may be made profit¬ 
able. 

Geoffrey Brown, an industrial engi¬ 
neer, served on the Federation's staff 
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and held innumerable conferences with 
southern textile manufacturers. He 
wrote to one of them: 

I would like to emphasize to you 
again that the union-management co¬ 
operation plan that I am prepared to 
develop is constructive in character and 
is designed to place the working force 
four squarely behind production in 
such a way that a high hourly output 
per worker and a minimum unit labor 
cost will be maintained uniformly 
throughout the mills. The plan contem¬ 
plates the organization of a joint co¬ 
operative committee to confer on such 
matters as . . . scientific extension of 
the number of looms or spindles . . . 
per operator . . . and any other matter 
in which the effectiveness of the worker 
influences the prosperity of the mill.* 

The campaign won almost no buyers 
and the Federation, along with the rest 
of the labor movement, turned toward 
more classical organization techniques 
when the passage of the National Indus¬ 
trial Recovery Act in 1934 made the or¬ 
ganization of workers once more feasible. 
These experiences with union-manage¬ 
ment cooperation influenced very deeply 
the attitudes of the growing trade unions 
toward productivity as a concept and 
toward industrial engineering techniques 
as tools of collective bargaining. 

It is already obvious from what has 
been said that the concept of union-man¬ 
agement cooperation did not carry 
enough appeal to sell unionism to em¬ 
ployers except in some very exceptional 
cases. Both the Naumkeag experiment 
and the. Cleveland Garment Workers’ 
experiment broke down because the de¬ 
pression made it impossible for workers 
threatened with unemployment to see 
any particular advantage in participat¬ 
ing in high-productivity schemes. The 
railroad experiments continued on a 
much reduced plane and with a declining 
enthusiasm, for the same reasons. 

The new unions, which were growing 
rapidly, and the old unions, which were 
increasing t^eiE membership at a very 
rapid rate, were formulating, by their 

• McKelvey, AFL Attiludei Toward 
Production, 1900-i9SS, pp. 105-106. 


activities, their own philo^iphy of pro¬ 
duction. The writer once attempted to 
outline at a public forum this attitude, 
which, though it may not have ever re¬ 
ceived formal expression, nevertheless 
portrays the thinking of the trade union¬ 
ist on the subject of productivity. 

The question of productivity is posed 
more as a challenge than as a search 
for dispassionate information. The chal¬ 
lenge generally proceeds on the implicit 
assumption that, by and large, manage¬ 
ment is for high productivity, and that, 
by and large, labor is for restricted pro¬ 
ductivity. The role of a few progressive 
unions is acknowledged. This is supposed 
to point up the contrast with what is 
considered the more common restriction- 
ist behavior. 

The truth is that both management 
and labor view this question of high 
productivity from different angles. Man¬ 
agement is ii^erested in the intensive 
view of high productivity. Labor, on the 
other hand, is interested in the extensive 
view of high productivity. 

When management says they want 
high production, they mean that they 
want the highest production that they 
can possibly get during those hours when 
they find it profitable to permit the 
workers to operate the machines of 
which they are the custodians. Should 
they find it unprofi^ble to operate these 
machines, then they would be considered 
very unwise managers indeed if they 
went on turning out merchandise classed 
in accounting language as idle inven¬ 
tory. In fact the efficiency of the man¬ 
ager will be judged in terms of whether 
or not he is wise enough to shut down 
his factory in time to avoid accumu¬ 
lating an idle inventory. This behavior is 
considered sound business practice and 
is socially acceptable. Actually, it is a 
wanton waste of our irreplaceable man¬ 
power resources. 

Now take a working man. He’s been 
conditioned by his historical fear of 
unemployment.' He finds through the 
factory grapevine that, at most, six 
weeks of work is left in the factory. His 
problem is: what do you do at the end 
of six weeks? Well, it would be a lot 
easier if you didn’t have to face the 
problem for seven weeks. And so he will 
resort to devices to make six weeks’ 
work last seven weeks. Immediately 
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aimed at his head is the accusing finger 
labeling him “featherbedder” and “vic¬ 
tim of the make-work fallacy.” He’s in¬ 
terested in high production, but he calls 
it full employment. 

This is what 1 mean by the contrast 
between the worker’s interest in the ex¬ 
tensive view of high productivity and 
management’s interest in the intensive 
view of high productivity. 

Obviously both management and labor 
are reacting normally to the logic of 
their experience. Hortatory harangues 
about the necessity for high production 
in the abstract just bore everybody. 


The union institution must resolve two 
contradictory forces which the members 
press upon the leadership. Your mem¬ 
bership wants at the same time a de¬ 
fensive safeguard against technological 
innovation and simultaneously some of 
the gains that come from that same 
innovation. Obviously, in an expanding 
economy the union cigi emphasize the 
gains available. It is not afraid of un¬ 
employment.* 

This last paragraph, of course, is the 
key to the union’s behavior in a local 
situation. Joe Scanlon and Clinton 
Golden, formerly Research Director and 
Assistant to the President of the Steel 
Workers Union and more recently mem¬ 
bers of the faculties of the Massachu¬ 
setts Institute of TTechnology and Har¬ 
vard University respectively, have had 
dramatic success with some union-man¬ 
agement cooperation plans for which 
both have been responsible. 

A careful analysis of the application of 
the Scanlon Plan in the La Pointe fac¬ 
tories and the Stromberg-Carlson fac¬ 
tories discloses nothing very unique ^ex¬ 
cept the development of a new human 
relationship between the management 
and the workers under the leadership of 
a very forceful personality like Joe Scan¬ 
lon. What made it possible, however, for 
Mr. Scanlon to exert this influence on 
the principals was the expanding econ¬ 
omy of the country in 1950. The work¬ 
ers’ fear of unemployment was at a mini- 

*W. Gomberg, “Release the Brakes on 
Output,” New York Herald Tribune 
Forum, October 1950. 
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mum and Mr. Scanlon’s perstiasiveness 
led the management to penmt the union 
to participate in a whole host of activi¬ 
ties that would be listed elsewhere as 
management prerogatives. The particu¬ 
lar group incentive payment plan in 
which workers augment their wages by 
attempting to raise productivity by re¬ 
ducing actual costs below a standard 
cost has been used elsewhere with mixed 
results. It would therefore be a mistake 
to confuse the mechanics of the Scanlon 
Plan of union-management cooperation 
with the effective ingredient which is 
Mr. Scanlon’s personality. 

Most of the so-called War Production 
Committees—or Nelson Committees, as 
they were called, after Donald R. Nel¬ 
son, Chairman of the War Production 
Board—^never really functioned despite 
the plethora of publicity that they were 
accorded. This was because management 
looked upon these committees with sus¬ 
picion, for two reasons: 

1. They would increase the power of 
the unions. 

2. They permitted the unions to in¬ 
vade areas of management which were 
still the subjects of controversy. Man¬ 
agement maintained, for example, that 
the application of many industrial en¬ 
gineering techniques remained a uni¬ 
lateral function of management. 

It iS thus interesting for the trade 
unionist to watch the ambivalence of 
management behavior. First, manage¬ 
ment deplores the union’s lack of inter¬ 
est in subjects like high productivity and 
its attendant techniques, such as ac¬ 
counting, time study, and rate setting. 
When the union is ready to discuss these 
subjects in collective bargaining, it is 
likely to be accused of invading manage¬ 
ment prerogatives. 

The principal problem faced by trade 
unionists in coping with management 
techniques was first to gain recognition 
that the techniques of the industrial 
engineer belonged in the area of collec¬ 
tive bargaining. In the course of devel¬ 
oping this case, an entire philosophy of 
trade union industrial engineering was 
developed. 



11M 


TRAM UNlOia AND INMIfTRIM. INOWOMIIM {4 

The different afMs covered by coUec- practices that have grown out rela¬ 


tive bargaining continued to be a matter 
of serious dispute immediately following 
World War II. President Truman called 
a conference made up of the national 
leadership of the national employers’ 
associations and the national labor fed¬ 
erations, the American Federation of 
Labor, the Cor^ress of Industrial Or¬ 
ganizations, the Railway Brotherhoods 
and, finally, the United Mine Workers 
of America. Among the subcommittees 
appointed by the conference was the 
subcommittee on “Management's right 
to manage.” This subcommittee was 
made up of an equal number of repre¬ 
sentatives of management and labor. 
Since the subcommittee was unable to 
come out with a joint report, two sepa¬ 
rate reports were isstied—one by man¬ 
agement and the other by labor. 

The management members addressed 
a letter to the conference, extracts from 
which follow: 

Labor members of the committee on 
Management’s Right to Manage have 
been unwilling to agree on any listing of 
specific management functions; ... if 
labor disputes are to be minimized by 
the genuine acceptance by organized 
labor of the functions and responsibil¬ 
ities of management to direct the opera¬ 
tion of an enterprise, labor must agree 
that certain specific functions and re¬ 
sponsibilities of management are not 
subject to collective bargaining. 

The committee then went on to list some 
of the duties which they felt were out¬ 
side the jurisdiction of collective bar¬ 
gaining: 

. . . The location of the business, in¬ 
cluding the establishment of new units 
and the relocation or closing of old 
units. . . . 

. . . The determination of job content; 
the determination of the size of the work 
force; the allocation and assignment of 
work to workers. 

The labor group on the other hand 
pointed out that: 

The extensive exploratory discussions 
of the committee have brought forth the 
wide Variety of traditions, customs and 


tionships between unions and manage¬ 
ment in various industries over a long 
period of time. 

It would be extremely unwise to build 
a fence around the rights and respon¬ 
sibilities of management on the one 
hand and unions on the other. The 
experience of many years shows that 
with the growth of mutual understanding 
the responsibilities of one of the parties 
today may well become the joint respon¬ 
sibility of both parties tomorrow.* 

Labor was in short accusing manage¬ 
ment of committing the logical fallacy 
of “false concreteness,” a favorite fallacy 
of the legal-minded who must fit all liv¬ 
ing phenomena into a system of verbal 
categories. It was in this environment 
that the labor movement philosophy of 
industrial engineering developed. 

We now proceed to an examination of 
the individual ^engineering techniques 
and the development of a collective bar¬ 
gaining treatment of these techniques. 
The techniques that will be examined 
are: 

1. The development of job analysis 
and job evaluation systems. 

2. The development and installation 
of work simplification schemes. 

3. The development and administra¬ 
tion of production stapdard-setting tech¬ 
niques. 

4. The development and administra¬ 
tion of wage incentive payment plans. 


4 . JOB ANALYSIS AND JOB 
EVALUATION 

Trade unionists have disagreed 
sharply over the usefulness of job 
evaluation as a collective bargaining 
tool. The pedigree of the technique itself 
would have led to initial prejudice. 

What appears to have been the first 
formal job evaluation plan was proposed 
by Merril Lott in 1925 in the magazine. 
Management and Administration. Later, 
Mr. Lott’s ideas were incorporated into 

* President's National Labor-Manage¬ 
ment Conference, November 5-30, 1045, 
U. S. Department of Labor, 1946, pp. 56-61. 
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a book published by Ronald Press. it had these facts, still supported the 


Somewhat later, Mr. A. L. Kress devel¬ 
oped the National Electrical Manufac¬ 
turers Association Plan on a similar 
point basis. It was later taken over by 
the National Metal Trades Association 
and became its official plan. At about 
the same time, the factor comparison 
method of job evaluation was developed 
in the Philadelphia transit properties of 
the Mitten interests. 

Since that time almost all plans, and 
there seem to be as many as there are 
people installing them, have followed 
along the initial pattern laid down by 
these original designs. 

It is important to remember that both 
the National Metal Trades Association 
and the Mitten interests were anti-union 
in the twenties. In fact, the unions felt 
that the NMTA looked upon job evalua¬ 
tion at that time as merely another 
equity device that woi^d keep unions 
out of the plants of its members. The 
development of these techniques, under 
such auspices, hardly accorded their use 
a sympathetic hearing by trade union¬ 
ists, regardless of their technical merits 
or usefulness. Later, however, the users 
of these techniques hastened to explain 
that they were anxious to fit their use 
into the collective bargaining frame¬ 
work. • 

The entire subject was distasteful to 
some trade unionists for another reason. 
For example: 

President Harvey Brown of the Ma¬ 
chinists tells of a situation in a mid- 
western metal working plant “organized 
by the Machinists and other crafts.” 
Management installed a job evaluatien 
system which in one department had 
the effect of substituting 12 different 
job analyses and what was more im¬ 
portant 12 different rates, where only 1 
rate for all the jobs had existed before. 
“Immediately,” Brown says, “production 
declined and employee discontent in¬ 
creased. Upon further investigation it 
was found that the employees had 
always functioned as a team: the em¬ 
ployees were capable of operating each 
other’s machines: and the employees, 
therefore, expected the same rate of 
pay.” Management, however, even when 


job evaluation plan. The union in the 
plant and the department foremen, it 
may be added, opposed its continu¬ 
ance.* 

Nevertheless, the increased use of job 
evaluation during the war made it a 
major area of interest in cases coming 
before the War Labor Board. 

On December 16 and 17, 1946, a con¬ 
ference of labor movement technicians 
and university people, whose primary 
interest was industrial relations, was 
held under the auspices of the Industrial 
Relations Center of the University of 
Chicago. This conference was unique^ in 
that it was the first time that such a 
conference had confined itself to labor 
movement participation. Although many 
management organizations had provided 
forums for labor movement spokesmen 
on the operation of different collective 
bargaining practices and the relationship 
between industrial engineering and col¬ 
lective bargaining on the policy level, 
this represented the first time that an 
all-labor group concerned itself formally 
with the industrial engineering problem. 

The conferees discussed the four 
techniques of job evaluation: 

1. Ranking. 

2. Classification. 

3. Point method. 

4. FarfJtor comparison method. 

The conferees were unanimous in 
agreeing that the ranking and classifica¬ 
tion methods of job evaluation were 
nothing particularly new, and that the 
techniques had been used on an informal 
basis for a long time by trade unions in 
negotiating a general wage scale. Each 
rate is related to a specific job descrip¬ 
tion. The principal problem around 
which most of the discussion centered 
was the feasibility of using more com¬ 
plex techniques for the same purpose. 
Three attitudes were discernible toward 
a proposal by management that job 
evaluation be used in setting up the wage 

* Reprinted by permis^on from Labor 
Unions in Action by J. Barbash (New 
York: Harper and Brothers, 1948), pp, 
74-75. 
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Factor Reason lor Classtffcatton 


I, Pre^fimployment Trainlnf. This Jcii requires Um aienlaUty to learn to: 

S«tup and adjuat rolls - requiring a Tarlety of adjustoant. 


2. tnplaiFiBaiit Trtlnliig ud Exparlciie*. This Job raqulru eiptrlMc* cn tU* and ralatcd aork at 

19-24 Bonths continuous progress. 


3. Mental SktU 

Setup rolls and >010 necessary adjuataent in order to produce 
good finished product. 


4. Manual SUU 

Use hand tools in setting rolls to proper site and naka a eariety 
of adjustannts to obtain proper O.D. of pipe. 


S. ResponslbiUty lor Material 

Close attention for aajorlty of a turn to Bake cheeks 
on product to insure proper O.D. - neglect to check 
frequently may cause production loss. 


Estimated Cost 


Onder |250 


S. ReaponaUiUity for Tools and Equipment 

Soae attention required while neklng roll set-up to prerent 
excesslTe wear on ro^s whan processing pipe. 


7. Raapanalblliiy for Operatioiu 

Besponstble for correct else and ahape of pipe. 


6. UmponsIbtUty lor Skfaqr M Otliera 

Ordinary care to prevent injury to roll setter helper idien Baking 
setup or adjustments. 


9. MenUl Effort 

Moderate mental application required - nust reeognlSb need for 
adjustments and correct lansdlatsly. ^ 


10. niyalcal EHorl 

Light physlcarexertion required. Check size, neks minor adjust¬ 
ments. Use wrenches and bars when making roll chains. 


II. Surroundings 

Hot in summer due to proximity of hot pipe, dirty, greasy work. 


When checking sizes, roll setter is subjected to bums. When 
making changes in rolls, roll setter is subjected to severe cuts, 
bruises or fractures. 


ioh Clann 13 Total 


FIG. 17,1b SPECIMEN EXAMPLE OF JOB DESCRIP¬ 
TION AND CLASSIFICATION (REVERSE 

side). 


All agreed that among the factors that 
would have to be considered, aside from 
the relative job content measured by the 


job evaluation scheme in determining sequence climb? 


1. Irregularity of employment. 

2. The career prospect* of the job— 
i.e., how high does *the promotional 


the final scale, would be such factors 


3. Market supply of a demand fox 
specific occupations. 
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4. The traditioUAl wage relationships 
which grew up hiatorieally. 

There were three separate areas 
within which the job evaluation problem 
was conadered: 

1. The older, long-organized indus¬ 
tries within which a long collective bar¬ 
gaining history has built up traditional 
wage relationships. 

2. Old industries, newly organized, 
wherein a long history of lack of organ¬ 
ization led to complete disorganization 
of rate structures. 

3. New industries with new technolo¬ 
gies, within which wage structures had 
to be developed without any historical 
precedents. 

An example of the problem of job 
evaluation arising under the first cate¬ 
gory may be seen through the introduc¬ 
tion of new technologies that change the 
relative skill content of different jobs— 
e.g., the introduction of section-work 
tec^iques into a sector of the women’s 
garment industry where previously the 
complete-garment method of manufac¬ 
ture had prevailed. Traditionally, the 
method used to cope with this develop¬ 
ment was to set a single rate for all 
sewing machine operations; yet|^it is 
obvious that the sewing jobs carry dif¬ 
ferent skill values. 

An example of the way the job evalua¬ 
tion problem arises under the |econd 
category—old industries, newly organ¬ 
ized—is found in the telegraph industry. 
The union found the job rates com¬ 
pletely jumbled because of the com¬ 
pany’s frankly avowed policy of pur¬ 
chasing labor in the local market at the 
lowest available price, irrespective of 
consistency or relative job content. 

New industries, such as the plastics 
industry, without any historical prece¬ 
dents, present a joint problem to both 
the union and the management in devel¬ 
oping a joint wage structure. 

The following arguments were ad¬ 
vanced in support of complete rejection 
of a job evaluation plan when proposed 
by the eompahy. The acceptance of job 
evaluation encourages the process of job 
dihttku. That is, skilled jobs are broken 
down ihto subsidiary jote for no other 


purpose than to purchase eheapei: laibMr. 
This process of job dilution tsdces place 
even though it has not been donon- 
strated that there is an increase in physi¬ 
cal productivity as a result of the dilu¬ 
tion. Examples of industries in which 
this is true were cited, such as the non¬ 
union sector of the printing industry. 

Another line of argument was that the 
job evaluation plans proposed by man¬ 
agement hampered the collective bar¬ 
gaining process in the following fashion. 
Generally, every management proposal 
for job evaluation was related to some 
method of getting the area rate through 
local labor market studies. This was an 
attempt, the advocates of this point of 
view maintain, to graft the infamous 
industry-area wage theory first devel¬ 
oped by the War Labor Board onto the 
new postwar economy. In addition, it 
was maintained that all these techniques 
were based upoi unwarranted assump¬ 
tions. For example, one of the assump¬ 
tions was the existence of a permanent 
set of values by which the relative job 
content could be measured; next, that 
this set of values as expressed in the rel¬ 
ative weightings assigned to different 
factors were the same for all types of 
jobs; that the yardstick created made no 
more sense than measuring the height of 
a building in terms of-gallons of water. 
Finally, all the assumptions and tend¬ 
encies of these techniques seemed to 
favor management instead of labor. 

A good description of the coy or 
“show me” approach is found in the 
U. E. Guide to Wage Payment Plans, 
Time Study and Job Evaluation: 

Let the company use whatever method 
it please, but under close union sur¬ 
veillance. If the result is satisfactory, 
well and good; if it is not, the company 
will hear from us. The union should 
always reserve the right to challenge any 
job values which it finds unsatisfactory, 
and to utilize any and all factors bearing 
on the case.* 

* U. E. Guide to Wage Payment Plans, 
Time Study and Job Evaluation, United 
Electrical, Radio and Machine Workers 
of America, IMS, pp. 77-80. 
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This stand-ofiF approach was used with 
some success by the United Automobile 
Workers Union, CIO, and the AFL 
Meatpackers Union. The primary use¬ 
fulness both groups found for the tech¬ 
nique was as a means of securing in¬ 
creases that were otherwise impossible 
from the War Labor Board. The AFL 
Meatpackers permitted the employers to 
offer proposed rates on the basis of the 
management’s job evaluation plan and 
then introduced other factors independ¬ 
ent of the job evaluation study in order 
to adjust rates which they felt intui¬ 
tively were out of line. A similar ap¬ 
proach was taken by the CIO Meat- 
packers Union, which felt in addition 
that few unions could afford joint par¬ 
ticipation because almost all unions are 
handicapped by the lack of competent 
technical personnel vis-a-vis manage¬ 
ment. 

The arguments advanled in favor of 
joint participation were as follows: 

1. Most of these over-all plans, such 
as ranking and classification, actually 
consist of a subconscious breaking down 
of the over-all job into subsidiary fac¬ 
tors. It is just as well to formalize and 
recognize consciously what is being done 
unconsciously. It is conceded that most 
of the management plans are technically 
defective in their pto-management bias. 
The remedy lies in union-developed 
plans that will serve as counterproposals 
to the management plans. For example, 
in the conversion of the job hierarchy 
into a wage scale, the concept of the 
going area wage rate is completely re¬ 
jected. It is insisted that different 
weightings of factors be adapted to the 
requirements of different departments. 

2. The problem of setting relative 
wage scales within a plant is not a prob¬ 
lem confined to the management-em¬ 
ployee relationship. In formulating the 
demands of the union upon the em¬ 
ployer, the union finds itself immersed 
in the conflicting claims of the various 
groups as they compete with one an¬ 
other for their share of the expected 
total increase. Thus, the union may find 
itself in need of some common measuring 
stick, however limited it may be, which 


will provide means of resdving disputes 
among its own monbers. 

3. Finally, preference was expre^ed 
by the advocates of the joint participa¬ 
tion program rather than the stand-o^h 
approach, because the union finds itself 
in a position where it has to confine most 
of its arguments within the framework 
of the management’s job evaluation 
structure, because it lacks any other 
criterion upon which to base its argu¬ 
ments on relative job content. It was felt 
that it was much better strategy to be 
“in on’’ the project at the very beginning 
and lay the basis for the union’s position 
in ‘terms of what it wants in the job 
evaluation system. 

Although many unfortunate examples 
were cited in which unions had found 
themselves in trouble after agreeing to 
joint participation in plans whose impli¬ 
cations they neither foresaw nor under¬ 
stood at the time they entered them, 
some successful examples of joint par¬ 
ticipation were cited as follows: The 
United Steel Workers Union of America, 
CIO, jointly negotiated an industry-wide 
job evaluation point plan which is being 
used to resolve the problem of wage 
inequities. The engineer in charge of the 
project indicated that in 1942 there were 
16,000 wage rate classifications at Car¬ 
negie alijne. When first approached by 
U. S. Steel to use a job evaluation sys¬ 
tem to resolve these inequities, the union 
representatives turned it down because 
they feared it. In 1944, the union de¬ 
manded similar pay for similar work. 
The War Labor Board virtually ordered 
the use of a job evaluation system. The 
union sat down with the corporation and 
devised a manual of job descriptions for 
all of basic steel. Along with it, the union 
and the company’s engineers devised a 
point plan that both parties felt would 
serve their Common purpose. The man¬ 
ual was first applied to a plant in Gary, 
Indiana. After some revisions, the man¬ 
ual was adopted and is now^universal in 
basic steel. Stewards and union repre¬ 
sentatives are trained in its use. The 
union does not care to go back to the 
old system, under which no sooner had 
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one inequity griwance been solved than 
another appeared in its place. This 
method of “beating” rates up disorgan¬ 
ized the union even more than the com¬ 
pany. Since provisions were made for 
transferring those whose skill has -been 
rendered obsolete to better jobs or for 
retaining the former and higher wage 
rate, there have been almost no com¬ 
plaints. The principal problem that re¬ 
mains unsolved in this installation is 
that no formal provision is made for 
raising the whole basic wage structure 
automatically from the savings that ac¬ 
crue from re-defined jobs requiring less 
skill under, new technical processes than 
the old ones. 

Another example is the experience of 
the UAW-CIO in a particular case. Be¬ 
cause the union had agreed with the 
company on the installation by a joint 
committee made up of union and man¬ 
agement representatives of a factor com¬ 
parison method of job evaluation, the 
union was able to prevent the use of 
inequities as a basis for wage reductions. 
The union representatives, by a judi¬ 
cious choice of the key jobs under the 
factor comparison method, were able to 
insist upon a wage conversion line that 
would have yielded the group a 12 per 
cent increase in wages. The company 
demurred on the very job evahiation 
system whose installation it hod itself 
suggested, because it objected to giving 
the increase. 

As indicated by the excerpts from the 
author’s report of the University of 
Chicago Industrial Relations Confer¬ 
ence, the disagreements within the labor 
movement were vigorous, and became 
the subject of debate among leaders 
and technicians. Each union, however, 
shaped its attitude and practices in the 
typical America’, pragmatic fashion of 
solving specific collective bargaining 
problems. No attempt was made to 
impose upon the movement an over-all 
ideological philosophy of job evaluation. 

In the laie 40’s, psychologists as well 
as engineers efitered the field and under 
the leadership of men like C. H. Lawshe 
of Purdue challenged many of the tech¬ 
niques of the enf^eers. The generalized 


trade union attitude toward job evalua¬ 
tion following the appearance of this 
literature is best understood by includ¬ 
ing the writer’s paper that appeared in 
the Journal of Applied Psychology in 
February, 1951: 

A Trade Unionist Looks at 
Job Evaluation 

A trade unionist’s attitude toward job 
evaluation is largely governed by his 
estimate of its effectiveness as a collec¬ 
tive bargaining tool. Collective bargain¬ 
ing is tiie embodiment of democratic 
practice by which workers exercise a 
voice in their working conditions. Job 
evaluation is a subordinate gimmick. 
The interest of the trade union in the 
relative differentials received by workers 
on different jobs is apparent to anyone 
possessing some insight. No union will 
be content to negotiate blanket base 
wages and then leave the distribution of 
the relative jincrements exclusively to 
management. Discussions about the rel¬ 
ative effectiveness of job evaluation 
programs with or without union partici¬ 
pation make about as much sense to the 
average trade unionist as a tract upon 
the relative effectiveness of marriages 
with or without grooms. 

Trade unions are suspicious of pro¬ 
posals to correct large inequities particu¬ 
larly in first negotiations. Somehow, 
many of these iimquities, it has been 
discovered, arise from the strategic in¬ 
crease. The foreman reports where the 
union is making organization progress 
during the campaign. “Inequities” are 
discovered in this department and in¬ 
creases ordered. In this way relative 
wages reflect the attempt to defeat the 
union. The union when asked to ^ee 
to correcting inequities in such a situa¬ 
tion is likely to reply: “You were satis¬ 
fied with non-union confusion for a 
spell. Show us your good faith by put¬ 
ting up with trade union chaos for a 
while. We’ll discuss it in future nego¬ 
tiations.” Later on, of course, these 
inequities raise internal problems for the 
union as relationships between the union 
and management become stabilized. It 
is then that the union may be ready to 
discuss job evaluation. 

Psychologists have now entered the 
job evaluation field. It is no longer the 
exclusive province of the industrial eng.'- 
neer. Before a trade unionist can ex- 
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amine or evaluate intelligently their 
contribution to the field, it might be 
useful to delve into the very foundations 
upon which the technique has been built. 
It will, therefore, be my intention to 
examine in some detail two principal 
questions: (1) How does the unionist’s 
concept of the function of job evalua¬ 
tion compare with the set of ideas held 
by management; and (2) How closely 
do the measuring techniques developed 
by both psychologists and engineers 
actually perform the function claimed 
on their behalf by practitioners in the 
field? 

A job evaluation program will gen¬ 
erally be proposed to a union as a 
technique for rationalizing the wage 
structure. It is based upon the western 
philosophy that men should be compen¬ 
sated according to the worth of the 
job they perform. Different jobs call 
for men with different capacities. Man¬ 
agement feels that differentials in in¬ 
come should reflect thq^ demands that 
these different jobs impose upon dif¬ 
ferent men’s capacities. This is at least 
what they say. TTie trade unionist is not 
so sure that they mean it. 

We can all agree that the wage scale 
should begin at the bottom of the 
ladder with the job that makes the 
fewest demands upon anybody’s capac¬ 
ity. Let’s pick such a job at random, 
say that of a janitor. Now any man who 
takes a janitor’s jpb brings to it the 
very minimum capacities specified in 
most evaluation schemes. But let us 
compare the capacities required by the 
janitor’s job with those required by 
the president of a giant corporation, the 
modem industrial genius. 

Morris Viteles has some interesting 
things to say about the relative capaci¬ 
ties of the two groups from which re¬ 
spective candidates for these positions 
are drawn. He wrote “The difference be¬ 
tween the general intelligence required 
of the janitor and that demanded of a 
highly skilled worker or top superior 
appears to be well nigh limitless. Actu¬ 
ally in terms- of numerical values, the 
general intelligence of the successful em¬ 
ployee in such a top job is seldom found 
to be more than three times that of the 
most stupid worker in the least respon¬ 
sible job. This ratio of 1-3 between the 
extremes of ability and an even lower 
ratio of less than 1-2 for physical meas¬ 
urements, measures of motor function, 


etc., recur with strikiug frequency in 
studies of individual differences in abil¬ 
ity, skill and other human traits. Very 
seldom is the ratio greater than 6-1.” 
[Morris S. Viteles, “A Psychologist 
Looks at Job Evaluation,” Personnel. 
Vol. 17, 1941, 165-176.1 

The implications of these conclusions 
for job evaluation are quite obvious. No 
job can be worth more than the maxi¬ 
mum capacities a man is expected to 
bring to a job. On the other hand no job 
can be worth less than the very marginal 
capacities a minimum human being must 
of necessity bring to a job. If the presi¬ 
dent of a great corporation seriously 
believes that he wants the pay scale 
based upon the relative objective value 
of a job, then he is obliged to take for 
himself no more than five times the 
hourly rate which he pays to the low¬ 
liest employee in his establishment. 

The trade unionist has discovered that 
the corporation executive will not be 
satisfied with such an arrangement. It 
is fruitless to expect complete rational¬ 
ism in a wage policy when almost all 
other economic policies possess irra¬ 
tional elements. Pricing policies are not 
always based upon cost. De luxe models 
of appliances are marked up more be¬ 
cause of the average consumer’s will¬ 
ingness to pay more rather than in 
proportion to the extra labor cost and 
materials in de luxe models. It is for 
reasons like this that trade unionists are 
exceedingly suspicious of this desire to 
rationalize dniy one element in the eco¬ 
nomic picture, the wage structure. Sup¬ 
pose that $300.00 were to be divided 
between two men rationally. One man 
possessed a relatively low intelligence, 
the other man a relatively high intelli¬ 
gence. The former was phlegmatic and 
indifferent, the latter aggressive and am¬ 
bitious. As Viteles remarks, the ratio of 
this combination of traits could be at 
the most 1-3. Would the distribution of 
this income be divided in the ratio of 
$75.00 to $225.00 or would the man with 
the high pugnacity coefficient and the 
intelligence to match it go off with the 
whole $300.00? His intelligence might 
lead him to leave the victim about 
$10.00 to make sure that his rival would 
not be goaded into reyolt. Now just 
multiply the man with the low pug¬ 
nacity coefficient by millions and we 
have a much better explanation of why 
incomes are distributed the way that 



1142 


TRADE UNIONS AND INDUSTRIAL ENOINEBRINO 


they are thau any high flown theori^ 
i^out relative contributions to society. 

Attempts to rationalize this distribu* 
tion can be made. For one thing we are 
told that executive jobs can't be meas¬ 
ured on the same scales used for fac¬ 
tory jobs. This argunaent of course is 
confined to advocates of a point system. 
Advocates of the factor comparison 
method assure us that they can use 
their system for jobs right up to $30,- 
000.00 per year. [E. N. Hay, “Charac¬ 
teristics of Factor Comparison Job 
Evaluation,” Personnel, Vol. 22, 1946, 
370-375.1 Non-linear wage curves re¬ 
sembling the exponential function are 
presented to justify the steep increases 
in wages that are presented to the pub¬ 
lic. However, although recognizable 
ability increments are recognized in 
geometcical relationships, the overall 
ratio between top and bottom still can 
not or should not exceed the ratio of 
1-3 or 1-6. Compare C. E. Wilson’s 
salary of General Motors with that of a 
porter and what do you get? The point 
plan advocates who inform us that plans 
like the NEMA are not adapted to the 
measurement of executive positions, 
nevertheless maintain that their rigid 
common measuring scale can measure 
the relative requirements of sewer 
workers and tool makers. More about 
these measuring techniques later. The 
only rationale that can be advanced to 
justify such a curve is that it reflects 
the small "genius supply” in the popu¬ 
lation. Supply and demand, however, 
does not enter into job evaluation plans. 

You may now assume that I am op¬ 
posed to job evaluation. But that is not 
the case at all. I do not believe, and I do 
not think that management believes, 
that it is the function of job evaluation 
to compensate workers in accordance 
with the so-called value of the job. I 
do not believe that job evaluation can 
be used as the sole determinant of how 
to build a relative wage structure. It is 
but one of the nmny factors that enter 
the collective bargaining picture in fix¬ 
ing a final wage scale. It is a device to 
measure relative job content and noth¬ 
ing more. This relative content is just 
one of many factors that contribute to 
the building of the final wage scale. 

As indicated previously, some of the 
other factors that I have in mind are 
as follows: (a) irregularity of employ¬ 
ment; (b) the cai'eer prospects of the 
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jobs; (c) supply and demand; and (d) 
the traditional prestige carri^ by the 
job in the plant social system. 

For example, two jobs “A” and ‘‘B” 
may carry the same point aafignment. 
“A” job exists only during the tooling 
up period. “B” continues right through 
the production season. A union may ask 
for more money for job “A” for this 
reason. Then again, what is it that leads 
a young chemical engineer with all his 
training to work for less wages than a 
plumber? Some of it, of course, is a 
rather silly concept of a contradiction 
between unionization and professional 
status. The other part is the young en¬ 
gineer’s willingness to pay back a pari 
of his legitimate return in the hope of 
serving his apprenticeship for what he 
hopes will be works manager. 

Supply and demand is a factor that is 
often overlooked. Naturally unions exist 
to protect workers against being vic¬ 
timized by being compelled to compete 
with one anoiJier like so many bushels 
of wheat; but let’s take a look at another 
part of the picture. During the war the 
War Labor Board had fixed the wages 
of foundry hands at seventy-five cents 
per hour. This was done on the basis of 
a job evaluation plan approved by the 
board. There was no strike. The supply 
of foundry hands disappeared as the old 
foundry hands sought employment else¬ 
where. Of even further interest was the 
fact that increased wages failed to in¬ 
crease the supply of foundry hands. 
Foundry hands traditionally had been 
at the bottom of the factory social 
ladder and nobody wanted to stay there 
even at an increased price. 

A further investigation of the inter¬ 
fering influence of the factory’s social 
system with job evaluation conclusions 
are seen in what revaluation sometimes 
does to the promotional sequence in a 
factory. A job at the very top of the 
promotional ladder is devalued and with 
it all the aspirations of a group of men 
who had hoped to occupy that job. After 
all, the fundamental purpose of job 
evaluation is to establish a mutually 
acceptable criterion of equity. If both 
worker and supervisor agree that, for 
example, the cementers are the aristo¬ 
crats of the raincoat industry, what use¬ 
ful purpose is served by upsetting this 
scale of values in favor of some mechan¬ 
istic criterion of equity? These traditions 
are every bit as important as job con- 
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tent. What this all adds up to is that 
in erecting a structure of relative wages 
there will be any number of rates which 
must be considered. There are: (1) the 
job evaluation rate based on relative job 
content; (2) the comparative rate for 
the same job in other industries in the 
same area; (3) the comparative rate for 
the same job in the same industry in the 
same area; (4) the comparative rate for 
the same job in the same industry in 
other areas; and (5) the comparative 
rate for the same job in other industries 
in other areas. 

For example, suppose the rate for a 
machinist in the “X” automobile fac¬ 
tory in Squeedunk is $1.66 whereas the 
rate for a machinist m the “Y” textile 
machinery works in Squeedunk is only 
$125. Again the machinists’ rate, in the 
rival “Z” automobile factory in Squee¬ 
dunk is $1.75, wheica.s the machinists' 
rate in the “N” automobile works m 
Podunk is $1.95. Still again, the machin¬ 
ists’ rate in the “M” textile works in 
Podunk is $1.45. Thus, llir the single job 
of machinist we have five separate rates, 
any one of which can be justified upon 
some concept of equity. The job evalua¬ 
tion rate is only one of these five. Col¬ 
lective bargaining is the method used 
to satisfy both parties that there has 
been equitable consideration of rival 
claims. 

Now that we have established that 
job evaluation is just one subordinate 
tool of the collective bargaining pioc- 
ess, let us proceed to an examination 
and evaluation of the different methods 
proposed for measuring relative job 
content. 

It would be fruitless to attempt to 
examine all job evaluation techniques 
in the space at my disposal. I should 
like to confine my remarks to comments 
on the point and factor comparison 
techniques. It has been interesting to 
note the contributions of psychologists 
to this field. Lawshe and his students, 
Bellows, Chesler, Edwards, Hay, Otis, 
Rogers, and Turner have examined ex¬ 
isting systems and proposed others. In 
the course of commenting upon these 
different plans it will be the writer’s 
intention to provide a trade unionist’s 
reaction to their significance. 

The most widespread plans in use 
today are the point plans such as the 
National Electrical Manufacturers As¬ 
sociation (NEMA) plan. This plan lists 


eleven factors and weights each factor 
on the theory that this weighting de¬ 
termines the contribution of that par¬ 
ticular factor to the final result. 'This 
weighting is supposr>d to determine the 
effect of the corresponding factor in the 
final relative distribution of these jobs. 
Tiffin [Industrial Psychology, 3rd ed. 
(New York; Prentice-Hall, Inc., 1952), 
pp. 337-342.] disclosed the fundamental 
fallacy in all additive point plans in his 
comments on merit rating. He pointed 
out that it was not the maximum ranges 
of possible points that determined the 
relative weights of any one factor in 
the final result but the variability of 
the factor. 

For example, suppose that I want to 
weight skill and working conditions 
equally. I allow a possible range of 
fifty points for each factor. However, 
suppose that I rate five jobs as follows: 

1 2 S 4 6 

skill 5 45 30 20 15 

working cond’s 20 30 25 25 25 

I have actually used a range of 40 points 
for skill and a range of 10 points for 
working conditions. The relative weights 
contributed by the 40 points will have 
approximately four times the effect of 
the 10 points contributed by working 
conditions. Yet, workers on job evalua¬ 
tion committees as well as technicians 
have been under the impression that 
each factor was playing a role equal to 
its pre-assignod weight in the final de¬ 
termination of the result. 

Using the Thurstone factor analysis 
technique, Lawshe and Satter [“Studies 
in Job Evaluation 1. Factor Analyses of 
Point Ratings for Hourly-paid Jobs in 
Three Industrial Plants,’’ Journal oj Ap¬ 
plied Psychology, Vol. 29, 1945, 197.] 
demonstrated the uselessness of the 
NEMA plan for its avowed purposes 
when they concluded that, “While there 
is considerable agreement from plant to 
plant insofar as the presence of factors 
IS concerned, there is variation in the 
extent to which they contribute to total 
point ratings and consequently, to the 
existing wage structure. ... It is clear 
that the extent to which each item or 
factor contributes to the total cannot 
be determined by inspectitjp of the scale 
alone and that the endfesult may yield 
results different from those intended by 
the makers of the scale.” 

When they point out that under the 
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NEMA plan, skill demands varied from 
77.5 per cent in one plant to 94 per cent 
in another, I submit that this is proof 
that the NEMA experts simply do not 
know what they are doing. It is for this 
reason that I am unable to understand 
the purposes of some of the other studies 
conducted by Lawshe. Job Evaluation 
Study 2 is an attempt to prove that 
other factor job evaluation systems will 
give substantially the same results as 
the more complex technique. Lawshe 
concludes from this study, “If the three 
item abbreviated scale were employed 
in Plant A, 62 per cent of the jobs would 
remain in the same labor grade, 272 per 
cent would be displaced one labor grade 
and 05 per cent would be displaced two 
labor grades. ... A simplified scale con¬ 
sisting of three or four items would prob¬ 
ably yield results that are practically 
identical with there obtained by a more 
complex system and would greatly re¬ 
duce the time consumed by the rating 
activity.” [“Studies in Job Evaluation. 
2. The Adequacy of Abbreviated Point 
Ratings for Hourly-paid Jobs in Three 
Industrial Plants,” Journal of Applied 
Psychology, Vol. 29, 1945, 184.1 
I cannot take issue with these conclu¬ 
sions but I cannot help feeling that they 
are trivial. Since Law.she has proved that 
the operators of the NEMA system only 
know vaguely, if at all, what they are 
doing, how important is it to conclude 
that there is a more economical way to 
do the same thing? Yet Study 3, Study 
4, Study 6, and Study 8 yield i^ibstan- 
tially the same conclusions as Study 2, 
and therefore, are of as little significance 
as Study 2. [See D. J. Chesler, “Relia¬ 
bility and Comparability of Different 
Job Evaluation Systems,” Journal of Ap¬ 
plied Psychology, Vol. 32, 1948, 622-629; 
P. M. Edwards, “Statistical Methods in 
Job Evaluation," Advanced Manage¬ 
ment, Vol. 13, 1948, 158-163; E. N. Hay, 
“Characteristics of Factor Comparison 
Job Evaluation,” Personnel, Vol. 22, 
1946, 370-375; E. N. Hay, “Assuring 
Equal Pay for Equal Work Or Some 
Fallacies in Salary Evaluation and Ad¬ 
ministration,” Proceedings of the Na¬ 
tional Office Management Association, 
1946, 3-15.1 Study 8 concentrates on the 
reliability of^ratera using the abbieviated 
scales. The ccKiiclusions of Lawshe in 
Study 2 have been independently con¬ 
firmed by Rogers [“Analysis of Two 
Point-Rating Job Evaluation Plans,” 
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Journal of Applied Psychology, Vol. 30, 
1946, 579-585 and Chesler (see above)]. 
However, Study 7 does raise the question 
of a suitable criterion against which to 
measure some of the results obtained 
from these abbreviated scales. Lawshe, 
Dudek, and Wilson conclude that “No 
conclusions about validity can be drawn 
from this study due to the lack of a 
suitable criterion. . . . Although short 
job evaluation systems consisting of only 
a few Items may be statistically and 
logically justified, it may be practically 
advantageous to include additional items 
in the system which will make it more 
acceptable to raters and to employees.” 
[“Studies of Job Evaluation. 7. A Factor 
Analysis of Two Point-Rating Methods 
of Job Evaluation,” Journal of Applied 
Psychology, Vol. 32, 1948, 118-129.1 

One of the principal complaints about 
point job evaluation systems has been 
their tendency to play down working 
conditions and physical hazards as im¬ 
portant factors. Perhaps a more con¬ 
structive approach would be to show 
both parties how to cease making old 
mistakes rather than claiming the old 
mistakes can now be made with less 
effort. 

In my opinion, the most significant 
job evaluation plan in use today is the 
plan governing the inequity wage adjust¬ 
ment program of the Steel Corporations 
and the United Steel Workers, CIO. Paul 
Edwards who developed the plan used 
a modification of thl; factor comparison 
method to tailor a system to the needs 
of the Steelworkers. The method that 
he, has used to root the plan in the exist¬ 
ing wage structure of the industry calls 
for the use of correlation mathematics 
beyond the capacity of most workers to 
understand. However, the operation of 
the plan calls for simple rank additions 
and is readily understood by anybody 
with an elementary school knowledge 
of simple addition. The correlation math¬ 
ematics was required to derive the 
weights for different factors resulting 
from past wage practices. B^d collective 
bargaining experiences. He comments 
that “The actual rates developed by sup¬ 
ply and demand and bargaining in years 
past have recognized the nature of the 
problem better than empirical job evalu¬ 
ation plans. The principal advantage of 
the plan is that it makes it possible to 
pursue systematically in the future the 
same set of values that have governed 
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both parties initially in the past.” ["Sta¬ 
tistic^ Methods in Job Evaluation," 
161.] 

The validity of the plan is based upon 
the satisfaction of collective bargaining 
experiences. Factor comparison methods 
of this nature'lend themselves readily 
to such flexible operation and are there¬ 
fore superior to point plans with their 
fixed ranges and unpredictable varia¬ 
bility. I believe that the most fruitful 
research will come from this type of 
orientation. 

SUMMARY 

The trade unionist looks upon job 
evaluation as a subordinate tool in col¬ 
lective bargaining. It does not determine 
what a job is worth, it determines a 
limited concept of job content. 

The final evaluation rates can only 
be one factor in determining what the 
relative wage structure should be. 

Most job evaluation plans are exceed¬ 
ingly defective in measuring job content. 
Most abbreviated plags perform the 
same function more economically but 
are equally defective. 

The most useful work in job evalua¬ 
tion is research designed to isolate the 
factors that have governed the intuitive 
operation of collective bargaihing as 
each party sought its own concept of 
equity. These factors can then be used 
for future guidance.* 

An outstanding example of the conflict 
between the logic of job evaluation and 
the logic of equitable wage determina¬ 
tion may be illustrated by a discussion 
of the case of the administration of the 
job evaluation plan governing the South¬ 
ern California Aircraft Industry 
(SCAI). This plan was imposed by the 
National War Labor Board ruling in 
March, 1943. 

Clark Kerr and Lloyd Fisher have 
described in detail the problems that 
arose under the administration of this 
plan. 

The most difficult and pervasive prob¬ 
lem in the administration of job descrip¬ 
tion and evaluation in the Pacific Coast 

* W. Qomberg, "A Trade Unionist Looks 
at Job Evaluation,” Journal of Applied 
Psychology, Vol. 35, No. 1, February 1951, 
1-7. 


aircraft industry arose from the frequent 
conflicts between measures of external 
and measures of internal equity. The 
price of a job in the market is one well- 
established measure of its worth. The 
SCAI plan established a different meas¬ 
ure of its worth. The conflicts between 
these different standards made for con¬ 
tinuous obstacles to the consistent ad- 
mmistration of the plan. . . . 


It was discovered both in Southern 
California and in Seattle that the plan 
overvalued skill in relation to the fac¬ 
tors of job disutility, such as job condi¬ 
tions and physical application.* 

In installing and administering a wage 
incentive payment plan, Kerr and Fisher 
issued the following set of significant 
warnings: 

1. The higher the wage level of the 
plant, both relative to the community 
and in absolute terms, the more suc¬ 
cessful will the plan be. 

2. A job evaluation plan must be 
devised and administered with one eye 
always on the market. Here is a major 
dilemma faced by job evaluation. If the 
evaluated rate falls substantially below 
the prevailing rate for any job with a 
clear counterpart in the community, the 
rate will fail to command the necessary 
supply of labor in a tight market. 

3. If a job evaluation plan yields 
rates which are significantly higher than 
thoseapaid by other employers for the 
same kind of labor, many informal 
pressures will be brought to bear to 
bring the rates "into line,” and this will 
mean "into line” with other enterprises 
and not with other jobs in the same 
enterprise. 

4. A single industrial union will prove 
more compatible with job descriptions 
and evaluations than will several craft 
unions. 

5. If the employees of a plant are 
organized, it is highly desirable that any 
job description and evaluation plan 
adopted be agreed to and, if possible, 
jointly developed by the company and 
the union. 

6. The terms of a job description and 

*C. Kerr and L. Fisher, ^Effect of En¬ 
vironment and Administration on Job 
Evaluation,” Harvard Business Review, 
Vol. XXVIII, No. 3, May I960, 81, 88. 
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evaluation plan will be better executed 
under conditions of universal, or nearly 
universal, union membership than will 
be true if substantial groups of employ¬ 
ees do not belong to the union. The op¬ 
portunities for manipulation of the plan 
by the union for the advantage of union 
members and by employers for the ad¬ 
vantage of nonunion members will be 
many. 

7. On the management side, the plan 
is better administered by the industrial 
relations staff than by the wage or 
industrial engineers who may have de¬ 
signed it. The essence of successful ad¬ 
ministration is flexibility. 

8. It is of major importance that the 
number of job titles and classifications 
be held to a minimum. The results of 
exces.'jive elaboration of the job struc¬ 
ture are many and unfortunate. They 
deprive management of flexibility of as¬ 
signment. 

9. A plan which provides for single 
rates and for specific ratios of A, B, and 
C workers in job families is easier to 
administer than one which calls for rate 
ranges and sets no fixed ratios. 

10. Over a period of time it will prove 
difficult to retain the heavy weighting 
which is given to skill factors in the 
SCAI and many other job evaluation 
plans. There are influences operating 
which will require that greater weight 
go to the disutility factors such as haz¬ 
ards, physical effort and job conditions. 
It seems probable that skill has much 
greater weight at the commencernont of 
job evaluation plans than can rea*sonably 
be expected of their later phases. Inuring 
periods of expansion, the mo.st urgent 
employer demand is for skill. Many of 
the present job evaluation plans had 
their birth in such a period with the con¬ 
sequence that skill factors commonly ac¬ 
count for half or more of the total rating 
points in a plan. But when the plant is 
constructed, the machinery built, the 
process installed and rationalized, the 
demand for skilled workers met, and 
relative scarcity manifests itself in the 
semiskilled and unskilled classifications, 
tendencies toward the devaluation of 
skill will appear. 

In the long run the tendency may be 
even more pronounced. As the general 
educational levpl of the industrial work¬ 
ers rises and as the opportunities for 
skilled work decline relative to the 
semiskilled classifications (a clearly de- 
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fined trend over several decades now), 
more weight will have to be given to the 
elements of disutility in a job rather 
than to those of skill. 

11. Custom is a powerful force. The 
absence of historical practice in the case 
of SCAI greatly increased the original 
conflict over the location of jobs on the 
scale of compensation.* 

The authors finally concluded as fol¬ 
lows: 

Job evaluation faces its gravest threat 
from the monolithic character of the 
value system it assumes. For at base all 
job evaluation systems attempt to meas¬ 
ure the relative worth of a job by as¬ 
cribing given exponents of value to such 
characteristics of the job as skill, hazard, 
job conditions, and the like. The more 
fixed and definite and self-executing the 
formula, the less will it allow for the 
other and perhaps more important pres¬ 
sures,to which job rates respond. 

Job evaluation as a system of rate 
setting tends to meet only one of many 
criteria of equity; and the more decisive 
the considerations of job evaluation be¬ 
come, the less likely is it that other 
criteria of equity will be met. 

It IS a rpa.sonable surmise that had the 
SCAI plan been more exact, less subject 
to manipulation, it would have been less 
successful in preserving labor peace 
There are important elements of conflict 
and even contradic^on between techni¬ 
cal criteria, on the one hand, and eco¬ 
nomic and institutional criteria, on the 
other. The area for manipulation was 
also the area of indeterminateness of 
the plan. This area of indeterminateness 
provided the necessary scope for the 
satisfaction of economic and institutional 
objectives.t 

The underlying theory behind the ap¬ 
plication of job evaluation and the West 
Coast aircraft industry had its repercus¬ 
sions in an arbitration between North 
American Aviation, Inc., and the United 
Automobile, Aircraft and Agricultural 
Implement Workers of America (CIO). 
The board of arbitration consisted of 
David L. Cole (chairman), Benjamin 

• Kerr and Fisher, “Effect of Environ¬ 
ment and Administration on Job Evalua¬ 
tion," 91-93. 
t Ihid., pp. 94-96. 
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Aaron, and W. Willard Wirtz, appointed 
by the President of the United States. 

The outcome of this decision was that 
the 

. . . employer’s contention that ad¬ 
justment should be determined strictly 
by comparison with rates paid by other 
airframe companies in the area in ac¬ 
cordance with established bargaining 
pattern is rejected.* 

In other words, the concept of wage 
equity not only transcends the internal 
controversy within a plant but even 
within an industry. 

A review of the attitudes of trade 
unionists toward job evaluation can be 
seen to vary widely. The one proposition 
upon which you are likely to get unanim¬ 
ity is that they will not leave the rela¬ 
tive wage scale to the blind operation 
of techniques. The more craft-conscious 
unionist will dislike it A^en more than 
the industrial worker-minded trade 
unionist. The very concept of job evalu¬ 
ation encourages the dilution of the 
craftsman’s skill and is a threat to his 
status in the work hierarchy. 


5. TIME STUDT AND COLLECTIVE 
BARGAINING 

• 

Reference to the Labor Manage¬ 
ment Conference of 1945 has al¬ 
ready been made. The specific manage¬ 
ment function which representatives of 
the employers insisted must remain a 
management function alone was the set¬ 
ting of production standards. The ra¬ 
tionale for this position was laid dotvn 
at the time by professional leaders like 
J. S. Louden and Phil Carroll. The ra¬ 
tionale could be stated as follows: 

... A standard must be based only 
upon facts and changed only by facts; 
therefore, standards must not be sub¬ 
jected to negotiation or arbitration in 
their establishment or in their change.t 

* Labor Arbitration Repoit, Vol. 19, 
1962, p. 77. 

t W. Gomberg, A Trade Union Analysis 
of Time Study (Chicago: Science Re¬ 
search Associates, 1948), pp. 12-13. 


L. H. Hill and C. R. Hook, Jr., taking 
their cue from the position of the com¬ 
mittee on management’s right to man¬ 
age, concluded that- 

. . . While labor’s right to question 
the production standard may be enter¬ 
tained as a grievance, the gi'ievance 
terminates with the management. It is 
non-arbitrable.* 

This meant that the labor movement 
was obligated to perform three tasks: 

1. To develop a philosophy of time 
study that would either lead to its total 
rejection or reconcile its use with collec¬ 
tive bargaining practice. 

2. To impose upon or persuade man¬ 
agement of the validity of its philosophy 
of time study. 

3. To develop collective bargaining 
practices and procedures based upon 
this philosophy to implement its objec¬ 
tive in actual practice. 

No formal statement is available from 
which any over-all attitude toward or 
philosophy of time study can be attrib¬ 
uted to the entire labor movement. 
Different trends of thinking are found 
in the different unions making up the 
labor federations. Many of these past 
trends are found in the summary of 
proceedings of the first all-trade-union 
technicians’ conference on the applica¬ 
tion of industrial engineering techniques 
to collective bargaining. We have al¬ 
ready made reference to this conference, 
which was held under the auspices of 
the Industrial Relations Section of the 
University of Chicago, December 16th 
and 17th, 1946. 

The record of the conference report is 
as follows. Representatives of those un¬ 
ions whose bargaining position was not 
strong enough to compel management to 
acknowledge officially the equity of the 
workers in setting a production standard 
found that the management actually did 
negotiate production rates on the oper¬ 
ating level. They put it in the following 
terms. Top management tnd its legal 
staff hand down a policy and contract 
to the actual operating officials who have 

* Ibid., p. 13. 
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to get out the production. These operat¬ 
ing officials know as a practical matter 
that if they attempt to set the rates uni¬ 
laterally, they will be bedeviled by dis¬ 
turbance after disturbance, and produc¬ 
tion will be cut down. The result is that 
standards are negotiated unofficially. 
This approach is found in many areas of 
the auto industry. 

After agreement had been reached 
upon this fimdamental doctrine of the 
labor union’s equity in the matter of 
setting the production rate, opinion on 
subsequent points differed. Trade union 
technicians observed that the problems 
that develop under time study vary 
widely according to the type of industry 
under review. These may be classified 
roughly as follows: 

1. The problem of rate-setting in in¬ 
dustries where the processes are ma¬ 
chine-paced and automatic. 

2. The problem of rate-setting where 
the processes are man-paced and the 
machine is but a power-driven hand 
tool (if any machine at all is used). 

3. The problem of rate-setting in 
service industries, where it is difficult 
to find any meaningful measure of pro¬ 
ductivity. 

A typical example of the first problem 
is the textile industry, in which machines 
are fully automatic and where a work¬ 
er’s job may be to repair a thread break¬ 
age or machine breakage when the ma¬ 
chine is down. It should be noted that 
the worker is active during the non-pro¬ 
ducing cycle of the machine’s operation. 

Good examples of the second problem 
under type number two are found in the 
garment industry. In this industry, the 
sewing machine operator controls the 
speed of output. The sewing machine is 
generally speeded so far beyond the op¬ 
erator’s capacity that its full possibilities 
are seldom utilized. 

The type of problem arising under 
number three may be seen in the build¬ 
ing service industry, where attempts 
must be mahe to standardize the work 
task in terms of area cleaned. 

The problems offered by man-paced 
operations are generally much more dif¬ 
ficult to solve/than those which have a 
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fixed machine pace. More often than not, 
the wide adaptability and variability in 
human performance completely escape 
an engineering solution. 'Then again, it 
should be remembered that each of these 
categories of problems does not fit into 
water-tight classes. A good example of 
overlapping is found in machine shop 
work. In analyzing any of the common 
machine shop jobs, such as milling, the 
different classes of elements may be clas¬ 
sified as set-up time, cutting time, and 
put-away or cleanup time. The set-up 
and put-away times are man-paced. The 
machine cutting time is fixed by stand¬ 
ard feeds and speeds. The machine cut¬ 
ting time can be determined with a 
good deal more accuracy by the engineer 
than can the two man-paced elements. 

The following points of view were dis¬ 
cernible amon^the conferees: 

1. Complete rejection of time study 
techniques as a guide to the setting of 
a fair day’s work. 

2. Consideration of the rate proposed 
by the time study engineers as an offer. 
The union reserves the right to deter¬ 
mine whether or not it will accept the 
offer by any criterion, time study or 
otherwise, that it sees fit. 

3. The joint acqpptance of a time 
study system mutually satisfactory to 
union and management as a means of 
setting rates. 

4. The development of a system of 
standard data that will serve as a basis 
for rate-setting. 

Proponents of the first point of view 
denied any validity whatsoever to the 
time study technique. They indicated 
that the wide number of variables, all 
subject to human judgment, which could 
influence the final rate result so 
markedly, made the time study all but 
useless. Still others indicated disagree¬ 
ment with the very assumptions upon 
which a job description was standardized 
in order to make time study possible. 
They claimed that there was no one best 
method for all workers in performing 
a given operation. The more complex 
the job became, the less possible it was 
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to Standardize an elemental job descrip¬ 
tion that every person could be expected 
to follow. They pointed out that this 
whole theory flew in the face of all that 
the psychologists had found out about 
individual differences. In short, they 
took very much the same position first 
developed by Ernest Farmer in his eval¬ 
uation of time study for the British 
psychologists.* 

The attitude taken by most unions 
employing this approach is that the em¬ 
ployer has a right to expect a reasonable 
effort during the working day without 
any limitation on the amount of produc¬ 
tion expecfed. Industries where this 
point of view prevailed were the photo¬ 
engravers and the railway clerks. 

Others of the conferees, though con¬ 
ceding the soundness of these objections 
to the time study method, nevertheless 
contended that unions must adapt the 
technique to their pui^oses until such 
time as they ..can offer an alternative 
method of measuring a “fair day’s out¬ 
put.’’ 

One group took very much the same 
attitude toward time study as was taken 
by Carl Barth. Carl Barth, who was 
Taylor’s associate, described the accu¬ 
racy of time study in the following 
terms: 

• 

... It is hardly conceivable that two 
time study men, however well equipped 
by training and experience and with 
physical means, would arrive at exactly 
the same time allowance for any job 
each might in turn be inadequately as¬ 
signed to study. And still, the time al¬ 
lowance of either would be undoubtedly 
fully satisfactory for use in establishing 
a fair contract between the worker and 
the management, though the two would 
not be identical.! 

The one revision that would be de¬ 
manded by the union officer is that the 
contract be bilateral instead of uni¬ 
lateral. In testing the acceptability of 
the management’s offer, however, the 

•Ernest Farmer, “Industrial Hygiene,” 
Time and Motion Study Journal, Vol. 4, 
No. 4, August 1922, 134-189. 

t Symposium on Stop Watch Time 
Study, p. 108. 


union officer may wish to be guided 
either by his ovim experts’ time study 
methods or by historical production 
rates. In any case, he will not reject the 
management’s offer because it is a time 
study offer. At the same time, he will 
not be constrained by the technical prac¬ 
tices of the management. He is willing 
to concede the initial rate-setting process 
as a management prerogative. 'This is 
the practice of the garment workers in 
areas where standard data are unavail¬ 
able. 

Others have gone somewhat further in 
jointly determining the technical criteria 
for many of the time study systems. For 
example, the steel workers had agreed 
with the U. S. Steel Company in past 
agreements that a working rhythm 
equivalent to the pace maintained by a 
man walking three miles per hour shall 
be considered normal. Similarly, other 
variables, such as the fatigues and down¬ 
time allowance for different jobs, are 
likewise negotiated. The auto workers 
also indicated that they used this ap¬ 
proach in many cases. Similarly, other 
groups have attempted to circumvent 
the harrowing day-to-day arguments 
about production rates by joint pro¬ 
grams to set up standard data. These 
standard data consist of assigning a 
standard time allowance to standard 
tasks ihat recur over and over again in 
different wmrk patterns. The production 
standards for new products are devel¬ 
oped by adding the times for these vari¬ 
ous standard parts. Thus, the New 
York Dress Joint Board of the Interna¬ 
tional Ladies’ Garment Workers’ Union 
settles production standards on the basis 
of a table developed by engineers jointly 
retained by the management and the 
workers. It is revised periodically by the 
joint machinery set up to administer the 
program. 

Workers in the service industries, such 
as the Building Service Workers Union, 
usually accept the job standards that 
they find in practice wh^ the building 
is organized. Attempts to increase this 
work load are resisted. However, they 
pointed out that when they sign up a 
newly built structure, the union must 
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propose a standard of work for its own 
protection. 

Objection was voiced to management 
offers to train union time study tech¬ 
nicians. The trouble was that these 
training courses were seldom thorough 
examinations of various techniques, but 
mainly an indoctrination in the truth of 
the particular clerical techniques em¬ 
ployed by the particular engineering 
organization. Instead of able union time 
study technicians, these courses turned 
out hostages for the particular time 
study prejudices of the teacher within 
the union’s ranks. All were agreed that 
if the union required technicians, it was 
the union's job to train them independ¬ 
ently, or in cooperation with a sympa¬ 
thetic university. 

In order to pursue its objectives and 
establish its validity before arbitrators 
and the NLRB, technicians of the labor 
movement have developed a philosophy 
of time study. The central conflict be¬ 
tween the management technicians and 
the labor movement technicians takes 
place over whether or not past perform¬ 
ance or existing performance is any 
guide to future performance. 

The issue was spelled out in a paper 
delivered by the writer before the Indus¬ 
trial Relations Division of the Univer¬ 
sity of California on Saturday, February 
3, 1950. Pertinent abstracts follow. 

Almost every discussion about union- 
employer problems of production stand¬ 
ards starts with the members of both 
groups in agreement upon two funda¬ 
mental principles which they both pub¬ 
licly acknowledge. 

Ask a union leader what he believes 
or ask an employer what he believes. 
In each case you will get the bromide, 
“I believe in a fair day's work.” If either 
the employer or the trade unionist feels 
any concern over the opinion of the 
members of the academic world, then 
this bromide will be followed by its 
corollary platitude that production 
standards deielopment requires no hag¬ 
gling but merely determination of facts. 
Facts. What a hard nugget of a word. 
It sounds so austere standing there as a 
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cold, hardheaded challenge to the al¬ 
leged emotional hysteria attending a 
high-pressured bargaining session. 

A fair day’s work operationally tells 
us nothing. It is a pious moral expres¬ 
sion. 

Nobody is against it and when any¬ 
body comes out in favor of it he has 
said precisely nothing. A fair day’s work 
only acquires meaning when both the 
employer and the worker have reached 
an agreement. It is an equity concept. 
It no more means the full expenditure 
of all the worker’s energy short of ex¬ 
hausting illness than does a fair wage 
mean the full expenditure of the em¬ 
ployer's funds for wages short of bank¬ 
ruptcy. Engineers generally’approach the 
question of wages and work standards 
as two separate questions. The argument 
generally follows the ensuing pattern. 
The amount of work expected of a 
worker is a scientifically measured vari¬ 
able ba.sed upon facts. Wages, it is con¬ 
ceded, at least |ince the unions have be¬ 
come strong enough to insist that they 
be heard, is a matter for bargaining. The 
key word here, of course, is facts. But 
what is a fact? 

A jact is a selective description of a 
total experience. 

The phase of experience which is em¬ 
phasized in our so-called facts depends 
upon the particular set of prejudices 
that each one of us brings to our obser¬ 
vation post. Let m^ cite some specific 
examples. 

One of the truisms with which the 
average time study engineer is indoctri¬ 
nated very early in his career is that 
work rates should not be based upon 
past performance but upon time study. 
Now past performance constitutes a 
very sound body of facts which can be 
analyzed statistically to detect the char¬ 
acteristics of the work place, the nature 
of the job and the working environment 
producing the work standard. The en¬ 
gineer, however, is guided by a set of 
value judgments which leads him to re¬ 
ject this set of facts in favor of a differ¬ 
ent set of facts. He wants more produc¬ 
tion from the employee and so his set 
of facts is derived from motion study 
principles which he is inclined to view 
as immutable and unchangeable. The 
gestalt psychologists and the English 
school of industrial engineers who have 
come tmder the influence of Gillespie 
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reject this set of facts as at best limited; 
at worst, false. 

I submit that it is impossible to con¬ 
sider the matter of a fair day’s work 
scientifically without the specification of 
a wage, both its amount and its system 
of payment. 

The development of scientific produc¬ 
tion standards must depend upon the 
derivation of a sound statistical sample 
from a distribution of work times. These 
work times if they are to yield a sound, 
meaningful, statistical sample must, in 
turn, come from a statistically stable 
parent population.* 

This reasoning rests upon the same 
application of probability to time study 
phenomena which Shewhart applied to 
quality control. Technicians of the 
labor movement have pioneered this 
thinking and are now joined by some 
members of the academic world. Some 
dispute these findings; others support 
them. 

It is important to remember, however, 
that w’e can conceive of a state of sta¬ 
tistical control although we know of no 
way of obtaining such a state of control 
in practice. As Shewhart states: “The 
delineation of such a concept is a pri¬ 
ori and definitive whereas the applica¬ 
tion of the concept ^o a particular given 
physical state of control is hypotheti¬ 
cal.” t 

Our ultimate objective is to be able to 
define a state of statistical control for a 
time study system, in terms of a physical 
cause system and the quantitative char¬ 
acteristics of the sequence of observa¬ 
tions produced by such a cause system. 

It is quite apparent that before we 
can predict from any observation what 
representative time a job requires, the 

*W. Gomberg, Union Problems in Set¬ 
ting Production Standards. Paper deliv¬ 
ered before the Ihstitute of Industrial Re¬ 
lations, University of California, Berkeley, 
February 3. 1950. 

t W. A. Shewhart, Statistical Method 
from the Viewpoint of Quality Control 
(Washington, D. C.; Graduate School, De¬ 
partment of Agriculture, 1939), p. 11. 


worker-machine system must be in a 
state of statistical control. 

Thus, the problem of developing a 
sound time study system resolves itself 
into answering the following questions: 

1. On the basis of an a priori examina¬ 
tion of the physical cause system under¬ 
lying production rates in a normal indus¬ 
trial environment, to what degree are we 
justified in assuming that these causes 
can be stabilized to an extent where 
we can postulate that all remaining 
variations are attributable to a constant 
chance cause system? 

2. What are the quantitative criteria 
which time study can use in detecting 
the existence of such a state of control 
from a series of time study observa¬ 
tions? 

3. Can these statistical tools be used 
for purposes of approximation in indus¬ 
trial time study in the event it is found 
that a constant chance cause system 
does not characterize the industrial 
environment? 

The answer to the first question lies in 
a detailed examination of all the sources 
of variation. This calls for investiga¬ 
tions into engineering to determine the 
mechanical effects, to the field of physi¬ 
ology to determine the possibilities of 
stabilizing the physiological effects, and 
finally to psychology and sociology for 
the effcits attributable to these special¬ 
ized fields. 

The answer to question two calls for 
an examination of the field of mathe¬ 
matical statistics as they were first ap¬ 
plied by Shewhart to quality control. 

The answer to the third question lies 
in determining to what extent the in¬ 
dustrial environment can be brought 
under a constant chance cause system. 

Now let us assume that questions one 
and three can be answered in such a way 
as to justify a possible state of statistical 
control. The author’s own answer may 
be found in his A Trade Union Analysis 
of Time Study.* It is important to 


* W. Gomberg, A Tradi Union Analysis 
of Time Study (Chicago: Science Research 
Associates, 1948). 
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remember that, any solution that is 
advanced must conform to a minimum 
accuracy of plus or minus 5 per cent, the 
usual minimum increment or decrement 
to the payroll in collective bargaining. 

The types of relationship that require 
study in rate-setting in order to establish 
the existence of a statistically controlled 
universe of data are: 

1. The internal relationships of the 
time study readings of a single person 
during a fixed interval of time. 

2. The relationship of sample fre¬ 
quency distributions of a single person 
at different times during the working 
day. 

3. The relationship of sample fre¬ 
quency distributions of a single person 
on different days. 

4. The relationship of frequency dis¬ 
tributions of different people on the 
same job. 

Adam Abruzzi* took the actual appli¬ 
cation of this statistical approach and 
translated it into operating terms. In 
summarizing Abruzzi’s work the writer 
said at the University of California, 
February 3, 1950: 

Abruzzi has taken up the operational 
implementation of many of the statisti¬ 
cal criteria for scientific time study 
which I proposed some years ago in my 
own trade union analysis of time study. 
He has gone far beyond the boundaries 
that I drew at the time and has devel¬ 
oped many valuable theoretical concepts 
of his own. The empirical materials for 
many of his conclusions were gathered 
in factories under contractual relation¬ 
ship with our union. The operations in 
our factories are mostly man-paced with¬ 
out any interfering fixed machine cycle. 
Thus, an excellent opportunity was pro¬ 
vided to conduct these researches. Our 
own union’s interest in these conclusions 
is obvious. 1 cannot in the short time 
allotted to me do justice to Abruzzi’s 


* Adam Abruzzi is associate professor of 
Industrial Engineering, Stevens Institute 
of Technology, Hoboken, New Jersey. His 
book, WorkMetaurement (Columbia Uni¬ 
versity Press, 1952) is based upon research 
in factories in contractual relations with 
the International Ladies’ Garment Work¬ 
ers’ Union. 
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over 300 pages of manuscript. I do hope 
to examine some of its significant high¬ 
lights. 

It would be fruitful to examine the 
answers to two time study questions 
proposed by Abruzzi; it is even more 
important to investigate the methodol¬ 
ogy by which these answers were de¬ 
rived. These two questions are: 

What are the criteria which may be 
used to determine that a process is 
standardized and ready for a time 
study? 

What constitute meaningful summa¬ 
rizing statistics of time study data? 

The philosophy of Abruzzi’s approach 
to the analysis of time study data may 
be summarized as follows: “Subjective 
procedures of rating current productive 
rates to predict the time of a theoretical 
normal worker have no function in an 
objective methodology.’’ 

This of course means two things in 
terms of union policy: 

(1) Subjective rating procedures are 
rejected as objective determinants of a 
so-called scientific production standard 
in collective bargaining. 

(2) So-called scientific studies such as 
the rating project conducted under the 
auspices of the Society for the Advance¬ 
ment of Management are rejected. The 
distribution of the subjective prejudices 
of the industrial engineers of America 
about what they would like to be a 
normal working speed is an interesting 
game but hardly a -serious objective 
investigation. 

Inasmuch as the labor movement was 
not even consulted on the original design 
of this investigation, we can only regret 
the waste of so much good energy. Point¬ 
less questions, however, still can elicit 
only trivial answers. This true even 
when they are supported by impressive 
academic credentials. It is not a matter 
of the sincerity of the investigators, for 
whose integrity I have the highest re¬ 
gard. It is just a matter of the logic of 
the questions which they ask. Now this, 
of course, does not mean that rating of 
time studies is excluded from collective 
bargaining; it merely means that in the 
absence of more objective criteria, the 
rating remains a subject for collective 
bargaining. When it comes to prejudices 
1 am confident no one will begrudge us 
our own. 

Let us now talk about standardization 
of the job. When is the job ready for a 
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time study? An examination of the lit¬ 
erature discloses qualitative descriptions 
that vary from one extreme to another. 
One authority demands virtually the per¬ 
formance of a micro-motion pattern that 
satisfies the micromotionist’s concept of 
the most economical combination of 
elemental motions. Others, like Carrol, 
are all for taking the study on the job 
just as it is found. They feel that the 
job pattern can never satisfy the de¬ 
mands of the perfectionists and tend to 
the other extreme. 

Abruzzi dep&its from these qualitative 
descriptions and merely asks one ques¬ 
tion: Do the performance times of the 
workers satisfy some rational opera¬ 
tional criteria of statistical stability? He 
has defined this stability on two levels, 
local stability and grand stability. Local 
statistical stability is measured in terms 
of the variation in production times 
over a continuous series of items made 
over a few hours or at most a continuous 
day. Grand statistical jBtability is meas¬ 
ured in terms of the variation in pro¬ 
duction rates of a series of small sam¬ 
ples taken over an extended time in¬ 
terval from increments considered qual¬ 
itatively to be taken under essentially 
the same conditions. 

The criteria for local stability con¬ 
sisted of building up Shewhart control 
charts for the means and ranges from as 
many as 70 subsamples, consisting of 
three items eacln from a total of 210 
continuous readings on a single individ¬ 
ual. This was done for individual ele¬ 
ments as well as over-all cycles. 

In addition, Abruzzi has introduced a 
new criterion of stability, the mean 
square successive difference ratio test. 

Significantly small ratios indicate that 
successive observations are positively 
correlated; significantly large values.in¬ 
dicate that successive observations sre 
negatively correlated. Thus this statistic 
becomes valuable to detect any trends 
in the data. The same methods used to 
determine local stability were in turn 
used to detect grand stability, except 
that in this case the collection of data 
took place in very much the same 
manner that data collection for ratio 
delay studies takes place. Random read¬ 
ings in continuous series of five items 
were taken. They were distributed dur¬ 
ing the four basic work periods of the 
day. Again, these tests disclosed the 
existence of grand statistical stability. 
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The disclosure of the existence of this 
grand stability does prove that scientific 
time study is possible. That is, time 
study which is performed in accordance 
with the requirements of sound statisti¬ 
cal inference. However, what remains to 
be disclosed is whether or not the limits 
of variation for both means and ranges 
are so wide that the results are of little 
economic significance for setting produc¬ 
tion standards. Abruzzi concludes from 
his findings that control charts with 3 
sigma limits for groups of workers show 
equal degrees of variability even though 
they show widely different mean unit 
rates of productivity. The most impor¬ 
tant finding, however, is that local sta¬ 
bility does not necessarily imply the 
existence of grand stability. They are 
two independent entities. 

Inasmuch as trade unions are inter¬ 
ested in the long-term characteristics of 
earning opportunities, it follows at once 
that they are much more interested in 
the conclusions derived from grand sta¬ 
bility rather than from local stability. 
This, of course, means a change in the 
conventional method of collecting time 
study data. Where before a continuous 
short-run study was considered ade¬ 
quate, now small runs of five readings 
taken at random intervals over an ade¬ 
quate period yield more adequate data. 

Superficially, it would seem that the 
trade unionist should be alarmed at 
Abruzzir's conclusion that time study is 
scientific. However, strangely enough, 
the very establishment of scientific va¬ 
lidity for time study confirms the neces¬ 
sity for collective bargaining over pro¬ 
duction standards. The reason is that 
the economic requirements imposed 
upon the. technique by collective bar¬ 
gaining would call for maximum con¬ 
fidence intervals of plus^or minus 2Vi 
per cent. Abruzzi’s d&ta indicate con¬ 
fidence intervals exceeding 2% per cent 
many times. Under the circumstances, 
the time study can be used only to bring 
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the range of bargaining within rational 
limits. For example: Let us assume that 
a collective agreement calls for the con¬ 
tinuous setting of piece rates. The basis 
upon which these piece fates are set is 
to yield an average hourly earning op¬ 
portunity of $1.00. Let us assume fur¬ 
ther that the confidence intervals of the 
time study are a plus or minus 15 per 
cent. A 10 per cent increase in the earn¬ 
ing opportunity is then negotiated. This 
means that the worker should be able to 
earn $1.10 per hour. The same time 
study man can come up with a scientifi¬ 
cally derived production standard that 
will yield an average hourly earning op¬ 
portunity of 95 cents per hour. In other 
words, not only would the worker not 
enjoy an increase, but he might well 
suffer a cut. 


6 . THE PROBLEM OF STANDARD 
DATA AND COLLECTIVE BARGAINING 

The significance of this philoso¬ 
phy of time study is at once ap¬ 
plicable to the trade unionist’s attitude 
toward standard data. 

Systems of standard data fall roughly 
into two classes: the macroscopic and 
microscopic. The macroscopic school of 
standard data calls for the formula¬ 
tion of data in terms of sizable jub ele¬ 
ments that reappear in many operations. 
The microscopic school formulates its 
data in terms of minute muscular reac¬ 
tions or therbligs or motion times. 

In his study, Abruzzi examines both 
the macroscopic and the microscopic 
systems. Abruzzi’s principal contribu¬ 
tion to this field arises from his examina¬ 
tion of what constitutes a logical sub¬ 
division of a total work cycle into 
elements. His statistical analysis was de¬ 
signed to determine whether or not the 
usual subdivisions of cycles from the 
most macroscopic to the most micro¬ 
scopic are statistically independent if 
they are to be used as an additive set 
—that is, if thej^ are to carry a time 
assignment independent of the element 
that precedes or follows the element be¬ 
ing measured If statistical independence 
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cannot be established for these elements, 
then a minimum condition for their use 
must be at least a constant relationship 
or correlation. By the use of rather 
complex statistical multivariate analy¬ 
sis techniques, Abruzzi found that for 
some specific operations the nature of 
the relationship among macroscopic ele¬ 
ments, let alone microscopic elements, 
was so complex that it varied from 
operator to operator. In fact, at times it 
varied at different times for the same 
operator. This is hardly the sort of 
foundation upon which objective sys¬ 
tems of microscopic data can be built. 
These conclusions would tend to sub¬ 
stantiate the findings of the Gestalt 
psychologist and industrial engineers 
like Gillespie and Mundel: “The whole 
is different from the sum of its parts.” 

Gerald Nadler has conducted an ex¬ 
perimental investigation into the funda¬ 
mental assumptions behind systems like 
methods time measurement, motion time 
analysis, and work factor analysis. 
Nadler gives the fundamental assump¬ 
tion behind all these systems. They are: 

1. All types of activity can be divided 
into qualitative basic units of work. 

2. To each basic qualitative unit of 
work a universal time value can be as¬ 
signed for rate settiag purposes.* 

In testing the validity of this second 
assumption, Nadler observes that all 
predetermined time systems would have 
assigned the same value to a therblig 
transport empty which was performed 
under seven different conditions. Yet 
there was a significant difference of 16 
per cent in the time required to achieve 
this transport empty under seven differ¬ 
ent conditions which he lists. After list¬ 
ing a niunber of such cases he concludes: 

The problems of first defining all types 
of relationships and secondly ascertain¬ 
ing consistent applications of these defi¬ 
nitions seem virtually insurmountable 


•G. Nadler, “Critical Analysis of Pre¬ 
determined Motion Time Systems,” Pro¬ 
ceedings of the National Time and Motion 
Study and Management Clinic, 1952, 2. 
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even from relatively simple activities 
and relationships.* 

Furthermore, he goes on to state that 
all the basic data in these systems de¬ 
pend upon rating. As he puts it: 

Even if we had an accurate system of 
rating, what to rate is not known, uni¬ 
versal times for basic motions do not 
seem to be feasible, warranted or suffi¬ 
ciently accurate.! 

Nadler then proceeds to prove that the 
application of each system is inconsist¬ 
ent within itself from job to job. 

He then refers to studies at North¬ 
western University in which very large 
variations in results have been demon¬ 
strated from one system to another for 
identical activities. These variations 
were confirmed by the Research Insti¬ 
tute for production engineering in 
Norway. 

The most widely pul^icized of these 
systems is Method-Time Measurement. 
The writer evaluated this system in a re¬ 
view of the book Methods-Time Measu¬ 
rement by Maynard, Stegemerten, and 
Schwab. At that time, he paid special 
attention to the one demonstration of 
validity that appeared in the volume. He 
wrote; 

The authors attempt to validate their 
system by comparing the results of 
twenty-seven time studies by the level¬ 
ing method with the results obtained by 
methods time measurement for the same 
twenty-seven different operations.! 

The authors then conclude; 

The total time allowed by time study 
was 3.4615 minutes. The total time al¬ 
lowed by methods time measurement 
procedure was 3.4414 minutes. This is a 
difference of less than six tenths of one 
percent.** 

In as much as both sets of figures in¬ 
clude leveled data, it is not clear exactly 

* Ibid., p. 3. 
t Ibid. 

I In Industrial Labor Relations Review, 
Cornell University, Vol. 2, No. 3, April 
1949, 456-458. 

** Maynard, Stegemerten, and Schwab, 
Methods-Time Measurement. 


what this is supposed to prove. Then 
again, individual differences for the 27 
operations should have been paired and 
their deviations squared and totaled. 
Totaling respective times and compar¬ 
ing over-all totals is misleading, because 
positive and negative errors cancel each 
other out. This fact leads to attributing 
a much closer correlation to the data 
than actually exists. 
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(dec. min.) 


Part No. 

Dept. 

Time 

study 

Melhods- 

time 

data 

E21879 

Forming 

.0810 

.0828 

E9113 

Forming 

.0950 

.0887 

E26312 

Forming 

.0461 

.0422 

E17780 

Forming 

.0428 

.0400 

E2518 

Forming 

.3474 

.3504 

E24060 

Forming 

.0330 

.0338 

E25837 

Switch 

.0954 

.0942 

E2486 

Sundries 

.1800 

.1788 

6174 

42 

.1452 

.1452 

6197 

42 

.1260 

.1320 

5612 

Switch 

.1210 

.1220 

6208 

43 

.6798 

.6780 

E24769 

Forming 

.0640 

.0640 

E4646 

Forming 

.0570 

.0570 

E25921 

Receptacle 

.1080 

.1086 

C2040 

Switch 

.1680 

.1740 

CIO 

Switch 

.0588 

.0594 

87145 

43 

.1260 

.1200 

73752 

Sundries 

.1247 

.1135 

Cat. F56 
F6233 • 

Switch 

.1420 

.1432 

Switch 

.1060 

.1056 

E25993 

Switch 

.1260 

.1218 

FS5 

Switch 

.0730 

.0733 

F^854 

Forming 

.0680 

.0620 

E24060 

Forming 

.0330 

.0330 

E23965 

Forming 

.0343 

.0381 

E20486 

Forming 

.1800 

.1800 


^ permusion from Methoda-Time Measurement 
by Harold B. Maynard, U. J. and John 

L. Schwab. Copyright, 1948. McGraw-Hill Book 
Company, Inc., p. 132. 

A widely publicized paper by K. C. 
White of the Cornell Sibley School of 
Mechanical Engineering delivered before 
the 1950 annual meeting of the Ameri¬ 
can Society of Mechanical Engineers has 
been used to confirm the usefulness of 
methods time measurement. Professor 
White concluded from his examination 
of methods time measurement that; 
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The data collected so far appears to 
point toward the practicability of defin¬ 
ing work elements in terms of funda¬ 
mental elements of motion common to 
a wide range of industrial activity and 
the establishment of times for these 
elements. ... In summary the check 
studies have consistently ranged within 
approximately plus or minus one per 
cent of the MTM times. For individual 
elements time differences between check 
times and MTM times in the order of 
0.1 to 0.5 TMU’s (.00006 to .0003) min¬ 
utes are not uncommon and, as evi¬ 
denced in this paper a few are larger. 
... No reason is now apparent why 
continued study should not result in 
reconciling the differences that do exist.* 

Both Mundel and Nadler have ques¬ 
tioned the validity of the White Study. 
Nadler states: 

This Cornell University work arrived 
at the conclusion that the systems can 
work and that the data of the system 
studied are essentially accurate. How¬ 
ever, there seems to be a lack of correla¬ 
tion between the facts presented in the 
report and the conclusions drawn. 

(a) The Cornell University researchers 
admit that levelling or rating is not ac¬ 
curate. One conclusion states that “since 
a single level of performance is repre¬ 
sented," the standards are consistent. 
Where did such a single level of per¬ 
formance come from when the rating 
procedure is not accurate? 

(b) The study adds up tho, check 
study values for given motions and adds 
up the same motion values from the 
procedure under study. The difference of 
totals is 0.9%. This is somewhat mislead¬ 
ing. Why not add a few more values to 
both sides? The percentage difference 
will be decreased because the calcula¬ 
tions will deal with a larger number in 
the denominator. 

The true percentage differences are 
obtained by subtracting one value from 
the other for a given motion, converting 
this subtraction to a percent by divid¬ 
ing by one of the values and then cal¬ 
culating the variability based on these 
percents from all of the motions. 

* K. C. Wh^,e, “Predetermined Elemen¬ 
tal Motion Times” Paper No. 50-A-88 pre¬ 
sented at the 1950 Annual Meeting, The 
American Society of Mechanical Engi¬ 
neers, p. 10. 


[* 

(c) The report states that there is 
7^% error 75% of the time in the stand¬ 
ards set or, turning it around,, there is 
more than 7%% error 25% of the time, 
and yet the conclusion states that stand¬ 
ards set by the ssratem are accurate. At 
this point the Cornell University work 
substantiates the conclusions of this 
paper. The variability of the check study 
time values was almost exactly the same 
as that calculated by our studies. 

(d) Another statement mentions that 
the “check studies have consistently 
ranged within approximately plus and 
minus 1%” of the predetermined motion 
time stem being checked. However, the 
data in the back of the report which 
was presented for the simplest of all 
activities, transport empty and transport 
loaded, show that only 20% of the val¬ 
ues are within 1%. Actually, there was 
a difference from the studied system’s 
values of greater than 4.6% to 6.7% one 
third of the time. This error of non- 
reproducibility of time values supports 
the conclusion^ of the research and anal¬ 
ysis work presented in this paper. 

(e) Another statement in the report 
indicates that although there were some 
high errors, these would be eliminated 
by combination with other motions. As 
indicated before this is not the case. The 
concept referred to here is well known 
to those familiar with statistical quality 
control, in relation to combination of 
tolerances in assembly work. 

(f) A statement ift made that context 
therbligs have some effect on times but 
that context can be taken care of by the 
addition of a new motion. This could 
possibly be true, but how could this be 
done in view of the results of the work 
which was done for the Navy and the 
experiments which were done at Wash¬ 
ington University? 

(g) Tables are presented giving the 
levelling factor and the time for each 
distance of movement. The levelling 
factor has correlation of .98 with the 
distance traveled. This is rather excep¬ 
tional, since research work has shown 
the pace or levelling factor should have 
no relationship to distance.* 

This controversy over the validity of 
standard data was brought to a head at 
a general conference on Methods of 

* Nadler, “Critical Analysis of Prede¬ 
termined Motion Time Systems," 28 
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Establishing Motion Time Data called 
by the American Standards Association 
January 23, 1953. The conference was 
initiated as a result of a letter sent to 
the American Standards Association by 
Mr. H. B. Maynard on behalf of the 
Methods-Time Measurement Associa¬ 
tion. Pertinent abstracts follow. 


... I am writing to you formally to 
request the American Standards Associa¬ 
tion to initiate a project designed to 
establish standards in the held of pre¬ 
determined motion times. 

At the present time, there are several 
systems which use predetermined mo¬ 
tion time standards, the best known of 
which is probably the methods-time 
measurement procedure. This procedure 
was fully described in a book published 
in 1948 entitled Methods-Time Measure¬ 
ment by Maynard, Stegemerten, and 
Schwab. 

The MTM Association since its in¬ 
ception has urged that th^ proponents of 
all systems of predetermined motion 
time standards get together and develop 
one set of universally acceptable stand¬ 
ards. 


In attendance at the conference were 
representatives of organized labor, the 
technical societies, and trade associa¬ 
tions. The current attitudes of organized 
labor toward these techniques is per¬ 
haps best understood by extracts from 
the stenotyped manuscript that sum¬ 
marize the conference proceedings. 

Mr. Stegemerten, one of the founders 
of the MTM system said that: 

The Society for the Advancement of 
Management had appointed a commit¬ 
tee for the purpose of standardizing and 
bringing about uniformity in the rating 
of performances of operators being 
studied, with a view to determining a 
time standard for the performance of 
operations. Mr. Maynard and Mr. Stege¬ 
merten had been members of the SAM 
committee. Their work on this com¬ 
mittee had led to the idea of setting up 
a set of predetermined time standards 
as further developed in the book on 
Methods-Time Measurement. 


Mr. Stegemerten further stated: 


The area of greatest controversy m 
setting standards of this kind had been 


in the rating of performances, and it 
had been felt that with a procedure such 
as the proposed predetermined motion¬ 
time data, this area of controversy would 
be eliminated. 

After the approach to the problem, as 
now sponsored by the MTM Associa¬ 
tion, had been announced, there had 
been introduced a number of other ap¬ 
proaches which more or less deviated 
from the original MTM System. In the 
opinion of the MTM Association, its 
purpose would be defeated if such disa¬ 
greement between systems continued. 
Therefore, the MTM Association had 
developed the idea that it would be well 
if all those interested in furthering the 
scientific approach to the establishment 
of work standards could agree on a single 
approach based on a unified standard 
procedure for predetermining operation 
times. 

Mr. Winslow, an officer of the MTM 
Association, remarked that: 

There were thousands of engineers 
today who had been trained in the use 
of predetermined times. Great value 
could be obtained from the various sys¬ 
tems in use. Many of these . . . were 
not even known to him, but their authors 
certainly should be invited to make a 
contribution to the general project. 

The American Federation of Labor rep¬ 
resentative stated that: 

The ^FL’s position was that the ASA 
should not concern itself with this field 
because there was nothing to standardize 
as yet. 

He added that: 

He did believe that the labor move¬ 
ment and the engineers should get to¬ 
gether under their own auspices and 
hammer these things out. In fact, he 
had made a suggestion to this effect 
when the SAM rating film was first 
publicized, but the opportunity was 
never accepted. This was when labor 
wanted to question the value of the rat¬ 
ing films developed by the SAM. He 
believed that these matters should first 
be straightened out within^the societies 
engaged in research in this field before 
the problem was brought up before the 
ASA in an effort to set up an American 
Standard. 
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Mr. Weinberg, the representative of 
the CIO, stated that; 

. . . Mr. Winslow had repeatedly 
stated that there were thousands and 
thousands of engineers and hundreds of 
companies using the proposed system. 
Well, there were thousands and perhaps 
millions of people selling patent medi¬ 
cines of all kinds and the question arose 
whether the ASA would be operating in 
its proper sphere if it attempted to 
standardize the terminology of the bot¬ 
tles these people tried to sell to the 
public. Also, there were thousands of 
astrologists, who, using different systems, 
came forth with different results, and 
there were people inventing machines 
for perpetual motion. Did this mean that 
there should be standards in the field of 
astrology and for the development of 
perpetual motion machines? Before any 
attempt was made to develop standards 
in the field of motion study, it seemed 
to me that an investigation should be 
made whether there was anything worthy 
to attempt to standardize. In this re¬ 
spect, those present might become ac¬ 
quainted with the work done by Dr. 
Abruzzi and Dr. Davidson. 


Dr. Davidson said he was present in 
a dual capacity. In representing Ohio 
State University, he was supposed to be 
one of the academicians. However, he 
also represented the American Institute 
of Industrial Engineers, a professional 
organization of individuals having the 
responsibility for choosing the methods 
they will use, in the same way as a doc¬ 
tor will do this. 

Dr. Davidson then added; 

... A pertinent question was what was 
meant by a “standard”? He said there 
were things that might be called “natural 
standards,” such as physical constants. 
These could be determined by scientific 
methods. Perhaps the approach to mo¬ 
tion-time standards was predicated on 
the assumption that there was such a 
thing as a basic, fundamental motion. 
However, he believed that in the opinion 
of industrial and experimental psycholo¬ 
gists, there was so far no evidence that 
there existed any fundamental basic 
motion. Therefore, the classification 
should be regarded as an arbitrary one. 


[* 

As long as people agreed as to what the 
term meant, they could communicate but 
the term should not be regarded as 
defining a fundamental thing. 

It appeared that the ASA should 
concern itself with standards that might 
be called “arbitrary” standard: these 
were set up on the basis of a consensus 
of all people interested and were desir¬ 
able. Such arbitrary standards had been 
established where there was no natural 
standard, and where it was impossible 
to apply scientific methods. Therefore, 
Dr. Davidson felt that some of those 
present who had spoken earlier, had not 
expressed themselves correctly when they 
described their system as a scientific 
approach. Rather, the methods under 
discussion were used because there was 
no scientific approach. It was a prag¬ 
matic approach. 

The AFL representative then chal¬ 
lenged : 

It might ba well to state plainly the 
question; “Why do you want an Ameri¬ 
can Standard?” Could the reason pos¬ 
sibly be that it became "embarrassing 
when a trade unionist declared that all 
of the proponents of systems had differ¬ 
ent situations, and all of them gave the 
wrong answers? If all proponents could 
get together and give the trade unions 
one answer, this would make it easier 
for the proponents. [The implication 
was that it sounded like a meeting to 
propose the ground rQleS for a conspir¬ 
acy to conceal valid scientific differences 
from the public.] 

The conferees finally voted 16 to 3 to 
reject any American Standards Associ¬ 
ation project at this time in the field 
of predetennined motion time. 

What does this add up to in terms of 
union policy when a union officer is con¬ 
fronted by these predetermined motion 
time systems? The trade union point of 
view was summarized in this writer’s 
address at the University of California, 
to which previous reference has been 
made: 

Does this mean that trade unions will 
reject all systems of standard data out 
of hand? Not at all. We are willing to 
recognize that they are a rather poor 
empirical attempt to develop a modus 
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Vivendi upon which both management 
and labor can reach agreement. How¬ 
ever, under no circumstances would we 
permit ourselves to be bound solely by 
the technology of these systems in dis¬ 
pute cases. They at best stabilise a 
human relationship. They are useful 
provided we recognize that the failure 
to achieve a rate developed under stand¬ 
ard data does not indict the worker; the 
rate may very well point up the limita¬ 
tions of the technique. 


7. THE TREATMENT OF WAGE 
INCENTIVE PAYMENT PLANS 

The same University of Chicago 
conference of union technicians to 
which we have already made reference 
commented on various wage incentive 
payment plans. The report of the con¬ 
ference gave a brief classification of ex¬ 
isting plans, followed bj^a discussion of 
existing trade union attitudes. The dis¬ 
cussion follows. 

Discussion of Wage Incentive 
Payment Plans 

The conferees were unanimous in 
agreeing that the increasing automaticity 
of many industrial operations in which 
workers have become mere lever-shifters 
raises the whole tfueslion of how im¬ 
portant the problem of wage incentive 
payment plans will continue to be. 
Much more fundamental than this ques¬ 
tion IS the problem of relative employ¬ 
ment security and the means of 
distributing the increment of increased 
productivity to those lever-shifters who 
seldom control the speed of production. 
Wage incentive payment plans were de¬ 
veloped during the period when the 
overwhelming number of industrial op¬ 
erations were dependent on the physical 
exertion of the worker. The evolving 
technology of American industry may 
very well change the relative importance 
of wage incentive payment plans in the 
future and the resultant emphasis placed 
upon them by trade unions. A tendency 
is seen in that direction in the emphasis 
developing over the annual wage. 

Many of the conferees objected to 


list 

wage incentive payment plans on princi¬ 
ple. They wanted no part of them. The 
plans were an radless source of griev¬ 
ances and made the administration of a 
collective agreement immeasurably diffi¬ 
cult. In addition, they felt that the wage 
incentive payment plans were nothing 
else but a device for shifting many of 
the management risks to the shoulders 
of the workers. This was the position of 
the Auto Workers. 

Others felt that wage incentive pay¬ 
ment plans had become so integral a 
part of the wage payment structure of 
the particular industry in which they 
operated that any attempt by the union 
to oust the plan would be frustrated. 
They were primarily interested in de¬ 
veloping safeguards that would protect 
the workers’ standards in the operation 
of these plans. 

Still another group actively advocates 
these plans. They claim that the plans 
solve certain problems for the union. 
These problems generally arise when em¬ 
ployers complain that variation in the 
productivity of workers puts them at a 
competitive disadvantage in compara¬ 
tive direct labor costs. The wage incen¬ 
tive payment plan always pinpoints this 
direct labor cost. In addition, the varia¬ 
bility of the operation of these plans 
has served as a means of securing in- 
cicases^that were otherwise impossible. 

A fundamental change in the ap¬ 
proach to wage incentive payment plans 
was advocated by some of the members 
of these latter two groups. Objection 
was taken to the very term “wage in¬ 
centive payment plan.” The implication 
is that the worker is actually entitled as 
a matter of right to a fundamental wage 
payment only: the day rate or the base 
rate, as it is called in the incentive 
wage payment plan. The understand¬ 
ing is that as a reward, not as a 
right, a worker will be paid an ad¬ 
ditional bonus for additional effort. A 
much healthier approach to this prob¬ 
lem would be to change the name of 
this method of wage payiffent to some¬ 
thing like “productivity wages.” The un¬ 
derstanding is that a contract is entered 
into between the management and the 



IlM 


TRAM UNIOm AHO INDUSTRIAL niGINEERINe (7 


vorken estabiismog management obliga¬ 
tions to furnish the opportvmity for the 
workers to make a specified hourly wage 
at a normal working pace. The worker in 
turn obligates himself to meet the pro¬ 
duction standard that is jointly set. 

The results of this reasoning can be 
readily seen. If there is a management 
breakdown in either production control 
or a machine, daily workers are not paid 
m terms of an artificially deflated base 
rate, but at the average hourly rate 
which they have demonstrated they are 
capable of earning. The argument that 
payment at such a rate abolishes the 
worker incentive becomes untenable. It 
might as well be argued that this obliga¬ 
tion on the part of management to pay 
the average hourly rate is an incentive 
to see that its factory management is 
operating properly. Most engineering 
consultants in any case have adopted 
this method of payment for idle time 
under pressure from the unions. 

The principal administrative problem 
that continues to bedevil the operation 
of these plans according to most of the 
conferees continues to be exactly what 
is meant by the phrase, “The rate re¬ 
mains unchanged unless the method is 
changed.” The practices of some firms 
have led to a suspicion of the techniques 
of work simplification. 

Misgivings were expressed tl^at the 
techniques of motion study were some¬ 
times abused to simulate a new motion 
pattern for an old operation in order to 
justify the setting of a new production 
rate. This would generally take place on 
an operation on which the management 
had committed itself that no cuts would 
take place as long as the method re¬ 
mained unchanged. The management 
would seek out those operations which 
it defined as loose and by redefining the 
motion pattern would attempt to justify 
a much tighter rate. 

This abuse was particularly found in 
the auto industry. The UAW now in¬ 
sists upon a (detailed elemental break¬ 
down of the befdre and after operation, 
with the time-saving specified for each 
Element in an attempt to control this 
abuse. 


Still another abuse that arises in the 
installation of wage incentive payment 
plans is the attmpt to apply them 
to operations that are fundamentally 
machine-paced. In this case again, pro¬ 
duction variation may be subject to a 
whole host of variables so numerous that 
they are uncontrollable. A good example 
is found in textiles, where the weather 
determines the number of thread breaks 
an operator will be called upon to repair. 
Under such circumstances, more often 
than not, the wage incentive payment 
plan is a device for shifting a manage¬ 
ment risk from the management group 
to the working force. 

The third group, which actively ad¬ 
vocated wage incentive payment plans, 
found that the plans were an invaluable 
device for stabilizing highly competitive 
industries. The union had a means of 
determining whether or not it was carry¬ 
ing free riders ifc an employer threatened 
to close down his plan because his labor 
costs were non-competitive. It served as 
an invaluable aid in establishing a na¬ 
tion-wide bargaining policy. 

Sol Barkin, Director of the Textile 
Workers’ Union of America, CIO, has 
added some objections of his own to 
wage incentive payment plans. He 
states: “Employers have offered many 
devices to circumvefit the full impact 
of a wage increase by crediting part or 
all of the incentive earnings against such 
adjustments.” The following is a sum¬ 
mary of several devices that Barkin 
lists: 

1. A proposal to institute an incentive 
wage system as an alternative to a wage 
increase. 

2. A proposal that wage increase be 
made not as additions to the base rates, 
but as supplements to current incentive 
earnings on a day-work basis. This prac¬ 
tice has now become so widespread that 
in many industries these additions 
amount to as much as 50 or a higher 
per cent of the base rates themselves. 
This practice, of course, undermines the 
entire wage incentive system. 

3. A proposal that wage increase be 
applied to the incentive earnings. The 
base rates under such circumstances 
would be raised only enough to main- 
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tain the existing relationship between 
incentive earnings and the base rates. 

4. A proposal that the increase in 
base rates should be limited to an 
amount neceiraary to produce an increase 
in incentive- earnings equal to the rise 
in the hourly rates. 

5. A proposal that incentive earnings 
be increased by vsuying amounts to 
reduce the premium on incentive jobs 
where it is higher than the company’s 
evaluation of proper job relationship 
for these jobs would indicate is desirable. 

6. A proposal to scrap the incentive 
plan in order to tighten up procedures, 
restudy all standards, and eliminate all 
of tlie "looseness” of rates and methods 
which had crept in during the war 
period.* 

The clash between management and 
union thinking in the installation and 
administration of wage incentive pay¬ 
ment plans is perhaps best brought out 
in the Stolper Steel Caseys, incidentally, 
are the attitudes of the unions toward 
the professional engineers. At that time 
(1950) the writer addressed the follow¬ 
ing letter to his professional colleagues; 

A situation has arisen in the state of 
Wisconsin which threatens to destroy all 
of the progress made in the past few 
years in reaching an understanding be¬ 
tween the professional industrial engi¬ 
neers and the orgaSized labor movement. 

The matter involves the Steel Manu¬ 
facturing Company, the International 
Union, United Automobile Workers of 
America, AFL, with whom the company 
has a collective agreement, and the Wis¬ 
consin State Labor Relations Board 
created by state statute. 

The International Union, United Auto¬ 
mobile Workers of America, AFL, has 
been one of the leading labor unions in 
adapting its collective bargaining prac¬ 
tices to modern industrial engineering 
techniques. Some time ago their entire 
General Executive Board attended 
classes for eight hours a day for one 
whole week, under the direction of Hy 
Fish of the Roosevelt College Faculty, 
to familiarize themselves with job evalu¬ 
ation, time study and the design and 

•Sol Barkin, “Labor’s Attitude Toward 
Wage Incentive Plans,” ComeU Industrial 
& Labor Relations Review, Vol. 1, No. 4, 
July, 1948, S65. 


administration of wage incentive pay** 
ment plans. Their international repre¬ 
sentatives have had similar training. 
Other unions are hardly encouraged to 
follow suit by what has happened in the 
Stolper case. 

Briefly, the facts of the case are as 
follows. On the fifth day of August, 1M8. 
the Stolper Manufacturing Company 
and the Union executed an agreement. 
Section 12 of this agreement set up a 
wage incentive payment plan. The agree¬ 
ment provided that this section go into 
effect April 16, 1948 and continue until 
October 14, 1948. It was to renew itself 
automatically for periods of six months 
unless notice was given by either party 
in writing at least sixty days prior to 
any six months’ expiration date. 

Under this agreement, production 
climbed to anywhere from 120% to 
131% of standard. It seems to have been 
higher in the early days of the agree¬ 
ment (around 131.3%) and fell off to 
around 121.7% on February 6, 1949. 

As a result of dissatisfaction with the 
operation of the plan, the Union gave 
proper notice and terminated the agree¬ 
ment as of October 14, 1948. The 
company nevertheless unilaterally an¬ 
nounced that it was continuing the wage 
incentive payment plan. Production, 
beginning February 13, 1949, fell to 
100.3% and then varied between that 
percent and 104.0%. The men said in 
effect that they would give a fair day’s 
work for a fair day’s pay; they were not 
interetted in the incentive increment; 
they wished neither to exert extra effort 
nor to receive extra pay. 

The Wisconsin State Labor Relations 
Board has denounced this action as in¬ 
terference with production and as a 
slow down, and has ordered the Union 
to restore the “incentive level” of pro¬ 
duction. In other words, because the men 
had demonstrated that on a voluntary 
basis it was possible to reach 125% of 
a fair day’s work, the Board has in effect 
ruled that this now becomes an obliga¬ 
tion on the part of the men. Naturally, 
the labor member of the Board dissent^ 
and pointed out that even if the com¬ 
pany were to discontinue paying the 
premium for extra effort, the union then 
would still be obligated Ro produce at 
125% of a fair day’s work. 

If this ruling should be permitted to 
stand, then those of us who are indus¬ 
trial engineers identified with the tabor 
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movement would have no other recourse 
than to recommend to all labor unions 
in the State ol Wisconsin, or for that 
matter to any tabor union operating in 
any state with a similar law, that they 
discontinue all wage incentive payment 
plans in their contracts and adhere 
strictly to the time work method of 
wage payment. Furthermore, we would 
be obligated to warn these unions that 
they must limit their cooperation with 
the employers in raising the level of 
productivity. This raised production 
level, which comes as the result of co¬ 
operation, would then become an obli¬ 
gation on the part of the men to which 
they would have to adhere, irrespective 
of any change in the attitude of the 
company or method of payment. 

I believe that you will agree with me 
that such a course of action would de¬ 
stroy everything that has been done in 
the last few years to bring the trade 
unionist and the industrial engineer to 
a mutual understanding. It seems to me, 
under the circumstances, that a move¬ 
ment ought to be initiated by concerned 
organizations such as the Management 
Division of the American Society of 
Mechanical Engineers, the Society for 
Advancement of Management, and the 
Industrial Management Society of Chi¬ 
cago, with the following purposes: 

1. To investigate completely the facts 
in the case outlined above; 

2. If it is determined that these facts 
are such as to threaten the effective 
application of sound engrneering 
practices in a collective bargaining 
situation, to stand ready to file 
supplementary briefs as expert 
friends of the court in the litigation 
that is to follow the determination 
made by the Wisconsin State Labor 
Relations Board. 

May I hear from you on this matter? 

The basis for a satisfactory relation¬ 
ship between labor and management in 
the administration of wage incentive 
payment plans or, as the Europeans re¬ 
fer to them—"Plans of Fa 3 nnent by 
Results”—has been developed by the 
International Labor Organization. 

The International Labor Organization 
called together a meeting of experts on 
payment by results from the different 
countries making up the body. They 
drew up a set of general principles con- 
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eeming the uee of this system. The 1062 
conference on increasing industrial pro¬ 
ductivity thought so well of these recom¬ 
mendations that they appended the 
conclusions of the group to their own 
report. Rudy Faupl of the American 
Federation of Labor and Mr. John C. 
Gebhart of the National Association 
of Manufacturers, both delegates to the 
conference, joined in signing the report. 
The 42 conclusions are of importance; 
recommendations 28 and 29 are of par¬ 
ticular interest and are herewith re¬ 
produced : 

28. No system of payment by results 
can be applied successfully if good rela¬ 
tions do not exist between the manage¬ 
ment and the workers concerned. Before 
attempting to introduce any such system, 
therefore, steps should be taken to es¬ 
tablish such relations and to obtain the 
consent of the workers concerned. It is 
advisable in ,this connection for the 
workers to be taken into the confidence 
of the management from the outset and 
for all features of the proposed scheme 
to be carefully explained to them in 
advance. 

29. Provision should be made for the 
participation of workers’ representatives 
in the introduction of the system in a 
manner to be defined by collective agree¬ 
ment. Such participation may take the 
form of participation in the timing of 
jobs, in fixing production standards and 
in setting rates; or it may take the form 
of participation in the establishment of 
appropriate safeguards.'*' 


8 . UNION ADMINISTBATION FOB 
HANDLING UNION PROBLEMS 

Many unions have created sepa¬ 
rate staffs to handle production 
standards problems as they arise. The 
International Ladies’ Garment Workers' 
Union was the first labor organization 
to create a separate Management Engi¬ 
neering Department for this purpose. 
The United Auto Workers, CIO, and 

* Practical Methods of Increasing Pro- 
duclibUity in Manufacturing Industries, 
Geneva, 1965. Crmclusions of a Meeting of 
Experts at the 36th Senio* 
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the Textile Worken’ Union of America, 
CIO, soon followed suit. Other organi- 
lations, such as the United Rubber 
Workers, CIO, and the International As¬ 
sociation of Machinists, AFL, retain spe¬ 
cialists in these techniques on their 
national and regional staffs. Smaller 
unions have called upon the specialists 
on the staff of the larger unions for 
special consultation. 

The International Ladies' Garment 
Workers’ Union, AFL, has detailed the 
functions of its engineering department 
in the short statement that follows: 

The Management Engineering Depart¬ 
ment of the International Ladies' Gar¬ 
ment Workers’ Union was created by the 
General Executive Board, July 22, 1941. 
Its objectives were listed as follows: 

1. To assist in improving the manufac¬ 
turing techniques and operating 
methods of all branches of the la¬ 
dies’ garment industry with which 
the earnings of otir workers are 
intimately bound up. This will be 
done through plant inspections by 
department representatives, followed 
by specific recommendations. 

2. To serve as a central information 
agency: 

(a) for the determination of the 
level of “fair piece rates.” 

(b) to record the production sys¬ 
tem and ^manufacturing tech¬ 
niques under which these rates 
are paid. 

(c) to assist in training shop mem¬ 
bers and committees in dis¬ 
tinguishing bad time study 
practice from good time study 
practice, in the determination 
of rates. 

Thus the Department serves both a 
policing and a cooperative function. 
However, the two purposes overlap and 
are not in distinctly different categories. 
Practically the entire women’s clothing 
industry pays its wages on a productivity 
basis. 'That is, workers are compensated 
in accordance with their relative pro¬ 
ductivity. The plans vary widely but 
the predominant plan is ordinary piece 
work. 

The function of the Department is to 
serve as consultants to the officers 
charged with the negotiation and admin¬ 
istration of the actual collective agree¬ 
ments. During the negotiating sessions 


advice is given to line officers about the 
effect of the design of the wage incentive 
payment plan in use in the factory on 
the earnings of the workers. In addition, 
the production standards underlying the 
wage incentive payment plan are evalu¬ 
ated. 

During the administration of the 
agreement the Department is consulted 
when new rates are set on new items 
scheduled for manufacture. 

The technical services of the Textile 
Workers’ Union of America, along with 
the qualifications of the personnel that 
are required for its successful operation, 
have been described by Solomon Barkin, 
Director of the Research Department; 

In response to general developments, 
and to those peculiar to the textile in¬ 
dustry, the writer organized a technical 
service in the Research Department of 
the Textile Workers’ Union of America. 
A specialized staff was, after some years, 
recruited to aid him in extending the 
service, and it now consists of a senior 
and junior engineer in the national office 
and two field engineers. 

Before describing the goals and the 
functions of this group, two conclusions 
reached early with regard to the organi¬ 
zation of the service should be noted. 
First, the staff must consist of permanent 
personnel and not of consultants. There 
are practically no engineering consult¬ 
ants who could maintain an undivided 
loyaltg to the trade union. They have 
been trained in management’s ap- 
proacnes and techniques and depend 
upon management for their work. Few 
are prepared to serve trade unions with¬ 
out considerable re-education. They have 
no initial preparation for helping work¬ 
ers to protect themselves against man¬ 
agement’s authority. They are neither 
steeped in nor have had access to a 
comprehensive statement of labor’s at¬ 
titude towards these problems. To gain 
the necessary insight and understanding, 
and to learn how to adapt their profes¬ 
sional engineering skills and knowledge 
to serve the labor movement, they must 
be given careful direction and enjoy an 
intimate and permanent relation with 
the trade unions. • 

The primary functions of the technical 
service of the Textile Workers’ Union is 
to aid and train the Union’s administra¬ 
tive personnel in the handling of prob- 
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lems of an induitris] engineering charac¬ 
ter. The ultimate aim is to provide such 
training by demonstration and instruc¬ 
tion as will make these officials self- 
reliant. They will then be able to under¬ 
stand fully the employers’ proposals and 
their implications and will be acquainted 
with the methods by which they have 
been derived. After identifying the ap¬ 
propriate Union policy, which is seldom 
available in precise written form, they 
must be able to apply it in such a man¬ 
ner that it takes into account the local 
bargaining relationships and the long¬ 
term union and worker interests. 

The above goal Ls constantly held to 
the fore. It means that the technical 
staff must remain small and place its 
emphasis on training. It also reflects the 
fact that, no matter how rational the 
argument and how complete and over¬ 
whelming the data, the final result in 
the vast number of cases will depend 
upon the balance of bargaining power. 
The Union’s administrative personnel 
represent and direct its bargaining force 
and must therefore be the spokesmen in 
such negotiations.* 

The United Automobile Workers’ 
Union, CIO, has detailed the methods 
of operation of its own engineering de¬ 
partment in a time study manual. The 
functions of the Engineering Division are 
as follows: 

1. To provide local unions, through 
their Regional Offices or International 
Union Departments, with technical as¬ 
sistance in disputes about production 
standards, incentive rates, incentive 
plans and job evaluation plans. 

2. To act as a general information 
agency for the Union on matters in¬ 
volving time study, job evaluation, etc. 

3. When requested by the Regional 
Office, to give assistance to local unions 
in contract negotiations so as to ensure 
acceptable settlement of issues involving 
time study, production standards, piece 
rates and job evaluation and adequate 
contractual provisions for settlement of 
disputes over such issues through col¬ 
lective bargaining. 

* S. Bsrkin, ‘«The Technical Engineering 
Service of an Am^ican Trade Union,” In¬ 
ternational Labor Ret/iew, International 
Labor Office, Vol. LXI, No. 6, June 1850, 
11-14. 
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4. At the request of the Education 
Department, to conduct time study 
classes so that union members and 
representatives will thoroughly under¬ 
stand what the company time study 
man does, why he does it and where he 
is most likely to make errors in method 
or judgment, so that local iinions will 
be in a better position to protect their 
members. 

The Engineering Division, of neces¬ 
sity, has a small staff. However, this 
staff will be most effective and its serv¬ 
ices will be made available as far as 
possible if the procedure outlined below 
is carefully followed: 

1. When a local union has a problem 
concerning time study, production 
standards, incentive plans or rates, job 
evaluation, etc., the services of the 
Engineering Division of the Research 
and Engineering Department can be ob¬ 
tained provided that the local union 
has made no commitment to the com¬ 
pany regarding the procedure which the 
representative of the Research and En¬ 
gineering Department will use. 

2. The local union must first request 
the assistance of the Regional Office in 
settling the dispute. 

3. If the Regional Office cannot effect 
a settlement of the dispute, the Regional 
Director will fill out and sign a “Re¬ 
quest for Service” form and send it, 
with any other information he has, to 
the Research and Engineering Depart¬ 
ment of the International Union. It is 
the responsibility of the Regional Office 
to clear the matter through the proper 
International Department where the dis¬ 
pute is in a plant covered by a multi- 
plant Corporation Contract 

4. The Research and Engineering De¬ 
partment will, without delay, notify the 
Regional Director, International Union 
Department, if any is involved, and the 
local union which of its staff members 
has been assigned to the case, and the 
date he will be available. 

If this procedure is carefully followed, 
the Engineering Divison will be able to 
give maximum assistance in reaching a 
satisfactory settlement. It must be em¬ 
phasized, however, that under no cir¬ 
cumstances should any local union, by 
agreement with management, commit a 
representative of the Research and En- 
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gineering Department to follow any 
specific procedure without first having 
obtained the written consent of the de¬ 
partment.* 

The approach to the actual operating 
methods that the trade unions use in 
settling production standards disputes 
within a time study context can be 
studied from statements of their pro¬ 
cedures and from specific cases which 
have arisen. 

The United Auto Workers instructs 
its locals along r^he following lines: 

How to Handle a Production 
Standard Dispute 

The UAW-CIO rejects time study as 
a means of determining production 
standards even though management uses 
it for this purpose. The basis for the 
rejection has already been noted earlier, 
and is the ammunition which UAW-CIO 
members can use to pifctect themselves 
against speed-up and unreasonable pro¬ 
duction standards arising from time 
study. 

The worker's first line of defense 
against unreasonable production stand¬ 
ards is his union representative in the 
shop—the steward, a committeeman or 
an officer of the local union. Any griev¬ 
ance regarding jjroduction standards 
should start by having the appropriate 
representative of the union present it 
to the company. However, the union 
representative must start the grievance 
out on the right road. What he does 
in the first stage of a production stand¬ 
ard dispute will determine to a great 
extent the effectiveness with which the 
union can help him to defend the work¬ 
ers he represents. The International 
Union, therefore, urges that representa¬ 
tives of the union in the shop should be 
thoroughly prepared when handling pro¬ 
duction standard disputes, and recom¬ 
mends the following steps as a general 
guide for stewards, committeemen and 
local union officers. 

1. Remember that the reed issue in 

*UAW:CIO Looks at Time Study. 
From the advance draft manuscript of 
proposed pamphlet, pp. 82-83. 


dispute is not the time study hut the 
production standard. The time study 
only represents management’s attempt 
to justify its production standard. Some 
time study man may have distorted and 
obscured the basic facts about how long 
it takes the worker to do a job by 
intruding his ovm personal judgments 
and a lot of complicated arithmetic. But 
the final result he produces is still just 
management’s opinion. Since, as we have 
seen, there is no scientific and objective 
measure available, the answer to man¬ 
agement’s opinion must be the Union’s 
opinion based on the knowledge and 
experience of the worker who actually 
has to do the job plus the informed 
judgment of his Union representatives. 
Wherever possible, try to settle the dis¬ 
pute on the basis of your best judgment 
of what is a reasonable production stand¬ 
ard, without getting tied up in argu¬ 
ments about time study. 

2. Remember that a grievance regard¬ 
ing an unreasonable production standard 
must be begun in the same manner as 
any other grievance. A full investigation 
must be made, and all of the informa¬ 
tion about the disputed job must be 
gathered. Two umpire decisions under 
the General Motors Agreement {E-62 of 
1947 and F-53 of 1949) have established 
the right of the union representative to 
demai\fl from management, even where 
the agreement language is far from spe¬ 
cific, all of the facts in management's 
possession bearing upon the dispute. 
After all of the available information has 
been obtained, the representatives of the 
local union should be prepared to bar¬ 
gain on the matter in dispute with the 
proper representatives of the company. 
There are four traps to watch for in 
bargaining on a production standard 
dispute: 

(a) The company may argue that the 
dispute is not a bargainable matter, and 
may therefore propose that the local 
union get someone to time study the 
job so that a comparison can be made 
between a time study iftade by the union 
and the one made by the company. NO 
LOCAL UNION SHOULD AGREE TO 
ANY PROCEDURE OF THIS KIND. 
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It means acceptiaace of the principle of 
production standards based on time 
study. 

(b) The company may propose that 
a joint time study be made, where a 
representative of the union and a repre¬ 
sentative of the company both time 
study the disputed job at the same 
time. A comparison is then made be¬ 
tween these two time studies. NO LO¬ 
CAL UNION SHOULD EVER AGREE 
TO ANY SUCH PROPOSAL. This also 
implies acceptance of time study as a 
proper method of setting production 
standards. The Research and Engineer¬ 
ing Department is willing and ready to 
help every local union protect its mem¬ 
bers against unreasonably high produc¬ 
tion standards or unreasonably low in¬ 
centive rates. But its ability to help 
will be severely limited if you commit 
it in advance to following any particular 
method, especially a method as inaccu¬ 
rate and unreliable as time study. Leave 
the representative of the International 
Union free to use whatever approach to 
your problem seems best based on his 
wide experience with similar situations. 

(c) The company may propose that 
a third party be asked to time study 
the job, his determination to be ac¬ 
cept^ by both the company and the 
Union. NO LOCAL UNION SHOULD 
AGREE TO ANY PROCEDURE OF 
THIS KIND. Again, it involves accept¬ 
ing the principle of setting production 
standards through time study. The time 
study yardstick does not become more 
accurate because a third party uses it 
instead of management. Besides, the 
third parties available for this purpo.se 
are, almost without exception, manage¬ 
ment consultants w'hose judgment may 
be warped by their financial depend¬ 
ence on management. 

(d) The company may propose that 
a representative of the international 
Union’s Research and Engineering De¬ 
partment be asked to make a time study 
and set the standard, which commits 
the Internati(^al Union in advance to 
the method to be followed. NO LOCAL 
UNION SHOULD EVER AGREE TO 
SUCH A PROCEDURE. This also im¬ 


plies acceptance of the principle that 
time study is a proper method of 
setting production standards. The In¬ 
ternational Union’s engineers are at least 
as competent as any others in making 
time studies. But competence in apply¬ 
ing a faulty technique does not make 
the technique itself any better. The 
defects inherent in time study mean 
that results reached by a Union time- 
study man, while free from pro-manage¬ 
ment prejudice, are subject to the same 
errors as a time study made by anyone 
else. (This does not mean that the 
International Union’s representatives 
will never make a time study. But when 
they do time study a job they do so 
with full knowledge- of the weaknesses 
of their results and only when they are 
convinced that it is an unavoidable step 
in the direction of resolving the dispute 
in the workers’ best interests. When a 
UAW-CIO engineer makes a time study 
he does it as a frank and open compro¬ 
mise with principle dictated by the 
urgencies of a practical situation. It 
would be irresponsible, for example, to 
refuse to make a time study where 
refusal to make it would lead to a 
strike while making it would smooth 
the path toward an acceptable settle¬ 
ment of the dispute on a peaceful basis.) 
THE JUDGMENT RS TO WHETHER 
OR NOT TO MAKE A TIME STUDY, 
HOWEVER, MUST BE LEFT TO 
THE INTERNATIONAL UNION’S 
ENGINEER BASED ON HIS EX¬ 
PERIENCE IN HANDLING SIMI¬ 
LAR DISPUTES. 

(e) One further trap sometimes set 
by management might be mentioned 
here even though it does not relate 
directly to bargaining on a specific dis¬ 
pute. Management will sometimes offer 
to have its time study man “train” 
the union’s time study stew~ards so that 
they will “understand” the procedure 
he uses. Sometimes management will 
offer to send the stewards to school to 
study time study at management’s ex¬ 
pense. NO LOCAL UNION SHOULD 
EVER AGREE TO SUCH PROPO¬ 
SALS. The only schools available for 
this purpose are management oriented; 
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and no management time study man 
wiil try to give a union representative 
an honest undemtanding of the unavoid¬ 
able errors and arbitrary, personal judg¬ 
ments with which time study is filled. 
If he did so, he would be promptly 
fired. The International Union, through 
cooperation between the Education E)e- 
partment and the Research and Engi¬ 
neering Department, conducts frequent 
time study classes at Union summer 
schools throughout the year. Local 
unions should see that officers who are 
faced with time study problems attend 
these classes. There they will learn the 
truth about time study, and the proper 
methods to be used in protecting their 
members against it. 

All of the above management pro¬ 
posals are designed to completely avoid 
collective bargaining on production 
standard disputes, and to force the 
local union to accept and) use time study 
"as a means of determining production 
standards. No local union should allow 
itself to be put in this position. Here 
are the reasons why. It is management 
which says that it can establish reason¬ 
able production standards by time study. 
The union does not accept thus claim, 
and therefore cannot be a party to re¬ 
solving production standard disputes by 
using time study. ^Moreover, the fact 
that a company says that it or anyone 
else can set reasonable production stand¬ 
ards by time study does not make it 
so. The union must in all cases demand 
that the company present unquestion¬ 
able evidence acrosss the bargaining table 
to prove that it can in reality do those 
things that it says it can do. * 

This means that, where it is not 
possible to resolve a dispute without 
getting involved in time study, the union 
should require the company to submit 
its time study to a complete and search¬ 
ing analysis, and to bargain collectively 
on the basis of all of the weaknesses 
shown in that time study, and ail of the 
other facts of the dispute. The inac¬ 
curacies of time study, which have al¬ 
ready been pointed out, indicate such 
a large margin of error as to make it 
completely unreliable as a means of 
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resolving production standard disputes. 
In almost every case the difference be¬ 
tween the company and the union in a 
dispute is less than the margin of error 
involved in a time study. 

3. If, despite your best efforts, you 
have been unable to resolve the dispute 
without getting into the time study, it 
will become necessary to subject the 
time study to thorough and searching 
examination. Start right at the begin¬ 
ning. Carefully examine the company's 
detailed record of the job, taken from 
the time study man’s work sheet. If the 
record does not contain sufficient infor¬ 
mation so that the job can be repro¬ 
duced exactly as it was when the time 
study was made in terms of both the 
physical set-up of the job and the 
general working conditions, there is no 
way of checking whether the conditions 
on the job now are the same as they 
were when the time study was made. 
If that is the case, the company should 
be told that for that reason alone its 
time study is completely useless. 

4. If the time study man’s detailed 
record of the job contains sufficient in¬ 
formation. compare it item for item 
with the methods and conditions under 
which the job is being done at the 
time of the dispute. Find out w'hether 
the job is being done in exactly the 
same \jay as it was when the time 
study was made. Here are a few re¬ 
minders of items to be checked: 

Is the material the same? 

Is the material placed in the same 
location? 

Is the material brought to the job 
in the same way? 

Is the materia! removed from the job 
in the same way? 

Is the machine operating in exactly 
the same way? 

Are the satne tools and fixtuj'es being 
used? 

Is the motion pattern of the worker 
the same? 

Do the workers now doing the job 
have the same amount* of training and 
experience as the worker who was time 
studied ? 

Note carefully any differences between 
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the details of tte job as it was set up 
for the time study, and as it is being 
performed at the time of the dispute. 
These differences may require more time 
for the job. If so, they should be used 
in bargaining with the company to get 
more time. 

Remember: One of the frequent inac¬ 
curacies of a time study arises when a 
job is not operating under exactly the 
same conditions and circumstances as 
those in effect when the time study was 
made. In addition it may be that the 
time study man’s record of the job in 
dispute is incomplete or inaccurate. In 
either case there is no way to make the 
above check. However, an incomplete or 
inaccurate record would nullify the com¬ 
pany’s case, and substantiate the union’s 
position that the disputed production 
standard is in error. 

6. Read over the time study man’s 
record of all the work elements very 
carefully to be sure that each one fol¬ 
lows logically from the next one, and 
that the beginning and ending of each 
work element have been carefully de¬ 
fined. When the beginning and ending of 
each work element are not clearly de¬ 
fined, any attempt to establish a time 
value for its performance is nothing 
more than guesswork. 

6. Check the time study man’s de¬ 
scription of each w’ork elementt against 
the work which the worker on the job 
is actually performing. Make sure that 
no work has been left out. When work 
is being performed which is not recorded 
in the element breakdown, then such 
work should either be discontinued, or 
it should be included in the element 
breakdown and additional time allowed 
for it. 

7. Check the time readings recorded 
by the time study man to be certain 
tW the^ttime study was made by con¬ 
tinuous timing. This can be done by 
starting with the watch reading recorded 
for the first work element, and following 
each recorded time to be sure that each 
time value foilbws logically from the 
previous one. 

Remember: If the time study was 
made by snap-back timing, there is no 
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way of checking to make sure that the 
time study includes aU the time that 
was actually spent by the worker in 
performing his job. You can be certain, 
however, that with snap-back timing 
the time study man was unable to 
record the time that was actually spent 
resetting his watch at the conclusion of 
each work element, so that the job will 
require more time than his time study 
record shows. 

8. Be absolutely certain to check the 
arithmetic by which the time study man 
figured the time required for each work 
element from the successive watch read¬ 
ings. 

9. Find out exactly how long the time 
study lasted, and at what time of 
day it was made. Then ask yourself 
these questions: 

Was the time long enough to include 
everything that will face the worker in 
the performan«e of his job? 

Was the time study an accurate sam¬ 
ple of the day's work, or was it made 
during a part of the day when the 
worker was fresh and apt to be working 
faster than he would later on? 

The company should be required to 
prove by sampling procedures and com¬ 
mon sense that the sample it has is a 
proper one. ^ 

10. Find out what rating factor the 
time study man applied to the time 
actually taken by the worker he studied. 
Check to find out when the time study 
man recorded his “rating factor.” It 
should have been recorded and shown 
to the worker being time studied and 
to his steward before the time study 
man left the job. Next compare the 
rating factor with what the worker be¬ 
lieves is a proper pace. This can be done 
by watching the worker who was timed 
work at what he considers a proper work 
pace. Use your own best judgment to 
decide whether or not he is working at 
a reasonable pace. Then compare the 
amount he can produce in a given 
time with the company’s production 
standard for the same length of time. 
For this purpose the clock on the wall 
will do. You don’t need a stop watch 
because, as we have seen, nothing of 
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real value is gained by breaking the job 
down into parts. In this manner you 
can judge for yourself how far off the 
company’s time study man actually is. 
Your judgment with regard to work 
pace is just as valid as that of the time 
study man. As in other questions that 
come up about time study, the combined 
judgment of everyone involved in a dis¬ 
pute will produce a much more equitable 
result than the judgment of the com¬ 
pany’s time study man alone. 

11. Find out whether the time study 
man used all the element time values 
he measured. If he discarded any, make 
sure there is a clear explanation on the 
record of why they were not used. If 
he struck out any time values just be¬ 
cause he considers them to be “ab¬ 
normal,” or by ai)plying a mathematical 
formula, it is certain that the “repre¬ 
sentative times” he finally decided upon 
are nothing more than a guess. If spe¬ 
cific reasons are given for striking out 
any values, decide whether the reasons 
are valid. Check with the worker on 
the reasons given by the time study man 
for his "strike outs.'” Make sure the 
situations for which times were struck 
out do not include, those that would 
recur on the job. Remember that minor 
variations jp the motions used, or inci¬ 
dents such as a tumble or dropping 
a piece, are not valid reasons for striking 
out a time, because they do happen 
from time to time on any job. 'The 
worker is a human being, not a machine. 

12. Check the “representative” ele¬ 
ment time values to be sure that only 
a simple average is used in calculating 
them. 

13. Check to be sure that the per¬ 
centage figure that is used to calculate 
the time for allowances for personal time 
and fatigue gives the worker the time 
to which he is entitled. 

14. Make a final check of the time 
study man’s arithmetic in all calcula¬ 
tions. 

If a grievance cannot be settled with¬ 
out getting into details of the time study, 
the union representative who carefully 
checks all the above points will be in 
a good position to defend the worker 


in bargaining with the company. Most 
disputes can be satisfactorily settled if 
the errors and evidence of bad judg¬ 
ment—^and often bad faith—on the part 
of the time study man are clearly pre¬ 
sented in the collective bargaining ses¬ 
sions with the company. If the company 
still will not agree to a settlement, a 
union representative may wish to make 
an independent check of the job to get 
more information. For example, the 
union might find it useful to establish 
the amount of time actually lost in a 
day due to delays on the job, and might 
even wish to check the actual cycle 
time of the job. This additional infor¬ 
mation should help the union to settle 
the dispute through collective bargain¬ 
ing. If a satisfactory settlement cannot 
be reached, the local union can decide 
whether to ask for help from the Inter¬ 
national Union. 

THE BASIC THING TO REMEM¬ 
BER AT ALL TIMES IS TO MAIN¬ 
TAIN FAITH IN YOUR OWN BEST 
JUDGMENT. IN THE LAST ANALY¬ 
SIS, JUDGMENT IS THE BASIC 
AND DECISIVE ELEMENT IN THE 
TIME STUDY MAN’S CONCLU¬ 
SIONS. YOUR JUDGMENT HAS 
JUST AS MUCH VALUE AS HIS. 

The above is verbatim reproduction 
from an advance draft of the forthcom¬ 
ing pamphlet, IJAW:C10 Looks At Time 
Study, United Auto Workers, CIO, De¬ 
troit, Michigan. 

The United Automobile Workers, 
CIO, were originally denied any voice 
in the setting of production standards. 
For example, the Ford Agreement of 
September 4, 1950, provides (article 4, 
section 4) that the right of the company 
to establish and enforce production 
standards is recognized. On the other 
hand, article 7, section 18 (f) , provides 
that failure to reach an agreement (over 
a production standard) the Union shall 
have the right to strike over such dis¬ 
pute. The impartial umpire who arbi¬ 
trates disputes arising un3er the agree¬ 
ment is specifically excluded from this 
area. The union evidently finds this 
arrangement very much to its liking. 
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It had to take this arrangement origi* 
nally because management maintained 
that the establishment and administra¬ 
tion of production standards must re¬ 
main non-iarbitrable. 

The imion finds this freedom of ac¬ 
tion so attractive that it endured a 
long drawn-out strike against the Inter¬ 
national Harvester Corporation. The 
corporation wanted to eliminate the 
union’s right to strike over production 


[• 

standards but was ^ling to midre the 
settlement of production standards dis¬ 
putes arbitrable. 

The final compromise was article 12 
of the International Harvester-UAW 
agreement. This clause gives the union 
the choice between taking the produc¬ 
tion standard dispute to arbitration or 
using an alternative procedure, which 
follows: First, provision is made for joint 
study of the job by representatives of 


FIG. 17.2 WORK DITTIES CHART. 


TEXTILE WORKERS UNION OP AMERICA 

Research Department Research Form *1 

New York, New York 

WORK DUTIES CHART 
OPENING & PICKING 

This is a list of the EQUIPMENT and the DUTIES of the workers la 
connection with OPENING & PICKING. If there are any equ^ment or duties 
performed that are not listed, please add them. It is intends to cover all 
workers who spend all or part oi their time around the OPENING and PICK¬ 
ING MACHINES. If the duties of some occasional workers are not listed, 
please add the duties and Job title. 

When this form is completed, it will show who performs EACH duty 
around the OPENING and PICKINa MACHINES. If at present there is a 
temporary rearrangement of duties, or if there is more than one arrange¬ 
ment, please note each arrangement and when or where it is used. Use 
several charts if necessary to show the different arrangements of duties. 


COMPANY 

MILL 


Filled out by:. 

Position 

% 

(Name) 

Date 

Chart No. 



A. EQUIPMENT REPORT - 

OPENING ROOM 



Check (x) 

Units That 
Have 

Manufacturer's Name Automatic No. of 
TYPE OF MACHINE t Machine Model No. Lubrication MachlMg 

1. Feeders: 

a. Automatic - , __ 

b. Hopper , 

c. Blender __ _ —__ 

d. Fiber Meter 

(1) Single _ _ _ 

*(2)^Multiple for blends — —— — ... ■ 

t. Bale breaker ...- ■. -.. —..... .. 
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the management and the union. If the 
union is still dissatisfied, the local union 
is free to take a strike vote. 

A unique approach to collective bar¬ 
gaining problems on the job which links 
job analysis to the problem of work load 
measurement is being developed by Solo¬ 
mon Barkin, Research Director, Textile 
Workers’ Union of America (CIO). Mr. 
Barkin describes his technique in the 
following way: 

The engineering profession has contri¬ 
buted several techniques for job analysis 
through the recording of job duties. 

These techniques began with crude 
job descriptions and element-listings. 
With the development of man-and- 
machine balancing techniques, process 
flow analysis, and motion study, engi¬ 
neers developed new types of charts and 
analytic forms. They increased the ana¬ 
lyst’s perception by requiring him to 
describe procedures in greater detail. 

The trade unionist has found these 
techniques most useful in defining the 
job duties and work assignments ac¬ 
companying a wage bargain. He has 
insisted upon job specifications that 
outline what is expected of the worker 
for the agreed-upon rates of pay. 

In facing up to 'these demands, the 
TWUA Research Department found 
current techniques for job description 
to be inadequate* Existing techniques 
had not been adapted to the needs of 
the textile industry, where workers tend 
a battery of semi-automatic processing 
machines. A worker at such a machine 
is usually only one member of a group 
of attendants servicing it. The number 
of job classifications attending the ma¬ 
chine may range from three to as many 
as 25, depending upon the degree of 
specialization prescribed by the manage¬ 
ment. 

The work-duties chart is a technique 
of job description which meets the pe¬ 
culiarities of textile jobs and serves 
collective bargaining. It has proved use¬ 
ful as an analytical tool for management. 
It is a standardized listing of the operat¬ 
ing duties required to be performed, 
and, in fact, currently being performed 
aroimd a particular textile machine. The 
charts are usable in all mills. The list is 
sufficiently complete so that few new 
duties have to be added in specific mill 
studies. 


The distinctive value of the chart is 
that it includes all duties of all employ¬ 
ees servicing or tending the machine. 
Indirect and auxiliary duties often over¬ 
looked in individual job descriptions are 
itemized. By consulting the chart, the 
employee learns of his responsibilities 
as well as those of their workers in as¬ 
sociated job classifications. The worker is 
made more certain of his own assign¬ 
ment. The chart tends to eliminate com¬ 
plaints which arise from workers who do 
work assigned to job classifications other 
than their own. It makes each worker’s 
responsibility apparent to other workers. 

The chart has another special value 
for the trade unionist. It provides him 
with a standardized listing of duties 
likely to be found in a mill. It therefore 
eases the job of making his own studies. 
Instead of depending upon the worker's 
recollection of his duties, the union 
representative can obtain a complete 
listing of the duties of each job by hav¬ 
ing workers on each job classification 
check the listed duties they perform. He 
therefore can isolate uncertainties on job 
responsibilities and can clear them up 
as his first task in the analysis of com¬ 
plaints and grievances. 

Union representatives have also found 
these charts of value in making com¬ 
parison of job assignments among mills. 
Knowing that job titles are not an 
adequate index of the precise duties 
performed by a worker, the union repre¬ 
sentative can use the chart as a ready 
methc^ of ascertaining detailed job du¬ 
ties in and making comparisons between 
mills. By noting the difference in work 
duties, the union representative can 
make allowance for variations in the 
pattern of duties. 

The listing of duties in these charts 
is not as complete as would be required 
for the setting of production standards 
or incentive rates. Yet the functions 
covered are more inclusive, since great 
accent is placed upon the auxiliary and 
randomly occurring duties. For plants 
that prepare detailed analysis of work 
elements, this chart provides a ready 
summary which integrates the work of 
all persons tending a machine in a man'- 
ner that clearly defines the scope of re¬ 
sponsibilities of each worl^r.* 

♦Solomon Barkin, Work Duty Charti 
for Textile Operations, A Research De¬ 
partment Technical Report, Textile Work¬ 
ers Union of America, CIO, 1951, pp. 1-i 
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Labor is not alone in finding that 
many of the administrative problems 
presented by these industrial engineering 
techniques sometime make the economics 
of their use highly suspect. 

Professor Roy of Johns Hopkins was 
led by his experience in a number of 
arbitration cases to a pronounced dis¬ 
enchantment with individual wage in¬ 
centive payment plans from manage¬ 
ment’s point of view. He expresses his 
doubts in the following statements: 

There is a prevalent belief, particularly 
among industrial engineers that the se¬ 
quence, operation analysis-work measure¬ 
ment-incentive yields a high wage-low 
cost result. 

It is held that hidden costs seldom are 
included in evaluation of incentive plans. 
On the contrary, plans are viewed in an 
aura of wishful thinking. 

He then closes with this significant 
remark: 

It is difficult to say what may take the 
place of present incentive plans, but it 
does not appear unlikely that some 
means of securing cooperation in the 
manner revealed by the Hawthorne ex¬ 
periments may well be the direction 
taken."* 

This turning to the techniques of 
industrial psychology, human relations, 
and conununication led the waiter to 
believe that trade union reactions to 
some comments on these techniques 
would be useful to industrial engineers. 


9 . INDUSTRIAL PSYCHOLOGY AND 
INDUSTRIAL RELATIONS 

The techniques of industrial psy¬ 
chology, including the subsidiary 
fields of aptitude testing, human rela¬ 
tions, and communications techniques, 
are not in the main stream of scientific 
management or industrial engineering. 
However, some of these techniques are 
so closely re|[ated to the work of the 
“ ■ •• 

• Robert H. Roy, “Do Wage Incentives 
Reduce Costs?” Vol. 6, No. 2, Cornell 
Industrial and Labor Relalions Review, 
January 1952, 207-208. 


industrial engineer that thi^ deserve 
some comment. 

The earliest technique that would 
have appealed to Taylor is aptitude 
testing. It will be recalled that Taylor 
laid great emphasis on getting the right 
man for the job. The aptitude tester 
seeks to fill Taylor’s request. The field 
of industrial psychology received its first 
systematic presentation by Dr. Hugo 
Munsterberg of Harvard University.* 
However, Viteles was the first in our 
time to make a careful delineation of 
the field of industrial psychology. He 
quotes Munsterberg, first professor of 
Industrial Psychology in the United 
States at Harvard: 

He [Munsterberg] indicated that in in¬ 
dustry the psychologist can serve, first, 
by finding the men whose mental quali¬ 
ties make them best fitted for the work 
which they have to do; secondly, by 
determining tife psychological conditions 
imder which the greatest and most satis¬ 
factory output can be obtained from 
every man; and, in the third place, by 
producing most completely the influ¬ 
ences on human minds which are desired 
in the interest of business.? 

Viteles’ principal work was in the 
field of selection of streetcar motormen, 
telephone operators,t and ship’s officers. 

A trade unionist’s reaction to a straight 
program of aptitude testing was voiced 
by the writer at the September 1949 
Denver meeting of the Industrial Re¬ 
lations Research Association and Ameri¬ 
can Psychological Association. 

. . . What motivation is there for 
efficiency among workers? Viteles at¬ 
tempts to talk in terms of long-term 
economic considerations. Short-run low 
costs for the manufacturer may jineiui 
fewer jobs, more work and less pay. It 
is somewhat amusing to see the psychol¬ 
ogist take the long-term point of view 
in considering the very people whom he 
is supposed to understi^. An elemen- 

'''Hugo Munsterberg, Psychology and 
Industrial Efficiency [Boston: Houghton 
Mifflin Company, 1913). 

t Morris S. Viteles, Industrial Psychol¬ 
ogy (New York: W. W. Norton d Com¬ 
pany, Inc., 1932), p. 42. 
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tary axiom of psychology should be that 
people live in the short run, marry in the 
short run, bring up their children in the 
short run, and develop neuroses and 
psychoses under the stress of insecurity, 
all in the short run. 

The function of the union is to pre¬ 
serve human values. It is the function of 
the union to ask pertinent questions. 
When new fuels, for example, are sub¬ 
stituted for old fuels, does the added 
efficiency of the new fuel justify the 
creation of ghost mining towns and the 
leaving of people stranded without a 
means of livelihood? 

It is difficult for unions to become en¬ 
thusiastic about selection techniques in 
industry. Viteles is aware that many 
psychologists feel that they have an 
acceptable test with validity correlations 
of 0.4 and even lower. Unions do not 
look upon workers as abstract collectives. 
They are frankly concerned about the 
injustice to workers who may be falsely 
classified as mcompeten|L that is, they 
are unfortunate enough u> fall into that 
0.6 part of the correlation, remaining 
between 0.4 and perfect correlation. 
Might I add that the number of new 
workers taken on by the average firm 
is generally so small that even this cor¬ 
relation coefficient of 0.4 is meaningless 
because of the small size of the groups. 

Yet the trade unions are invited to 
hitch their policies to this rickety device, 
all in the name of science. Naturally, if 
these tests are used to select new work¬ 
ers from the open market to whom the 
union has incurred no particular obliga¬ 
tion, the company and the industrial 
psychologist are likely to be met with 
indifference rather than opposition. If, 
on the other hand, they are to be used 
as a determinant of in-plant promotions, 
then they will have to be a good deal 
more valid before the union will permit 
them to be the criterion of judgment of 
whether or not any particular worker is 
to be frustrated or permitted to go 
ahead. 

What is BO disturbing in Mr. Viteles' 
approach is the great emphasis placed 
upon psychology as a tool to select the 
proper worker for the job rather than 
upon the adaptation of job specifications 
to workers. 

As an engineer I know that many tech¬ 
nological changes in industry today are 
not motivated by increased physical pro¬ 
ductivity. They are motivate by the 


desire to utilize unskilled labor which 
may be purchased at a cheaper price 
than skilled labor because of our wage 
structure. An interesting experiment was 
conducted during the last war. Two fac¬ 
tories manufacturing the same product 
were set up in two different ways. In 
one, the operations were reduced to their 
simplest repetitive components. In the 
other, enough different operations were 
made up into individual work assign¬ 
ments to sustain the interest of the 
worker. By all engineering assumptions, 
the former factory should have been 
more productive. The reverse turned out 
to be true. 

Now, of course, the argument of the 
psychologist could very well be that 
poor selection techniques were used in 
choosing the workers for the first factory. 
To put it bluntly, as a group they were 
too intelligent for the jobs they were 
given and became bored. Is it the func¬ 
tion of the industrial psychologist to 
devise tests so efficient that they will 
select Aldous Huxley’s nerveless gammas 
BO that this simplified factory will again 
equal the productivity of the more com¬ 
plex factory because it would be cheaper 
this way? 

In the latter part of his paper Profes¬ 
sor Viteles speaks of job satisfaction 
tests. He emphasizes that dissatisfied in¬ 
dustrial workers become the focus of 
industrial conflict. If this concept is to 
be socially constructive, then the as¬ 
sumption must be that there is a wide 
enough* variety of jobs available to 
please everybody in the population. Such 
a situation is exceeding unlikely, particu¬ 
larly during this time when a polariza¬ 
tion seems to be at "work dividing the 
old semi-skilled jobs between those that 
become very highly skilled and those 
that are routine, repetitive and boring. 
> It is my own feeling that many em¬ 
ployers are interested in these job satis¬ 
faction tests as a coefficient of the union- 
proneness of future employees, rather 
than being interested in any abstract 
concept of one big happy family.* 

The field of human relations received 
its greatest impetus from the work of 

* From the Proceedings of tlffe September 
1949 meeting of the Industrial Relations 
Research Association, Denver, on the sub¬ 
ject “Psychology of Labor-Management 
Relations, pp. 52-54. 
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Elton Mayo at Hie then non-union 
Hawthorne plant ai the Western Elec¬ 
tric Company. It ^11 be recalled that 
the conclusion to which Mayo came was 
that the group attitudes of workers 
were a much more important variable 
in determining production levels than 
were any of the more concrete influences 
with which engineers had concerned 
themselves—such as levels of lighting. 

Mayo’s empirical findings are rela¬ 
tively neutral. Controversy arises when 
management attempts to use these em¬ 
pirical findings for manipulative pur¬ 
poses. Mayo’s empirical data have been 
used on behalf of unionism and against 
unionism. 

Ruttenberg and Golden have noted 
that: 

The findings resulting from these re¬ 
searches and motives for union member¬ 
ship ‘among workers are the same. These 
researches, therefore, constitute a study 
of the origin of labor unions.* 

Scholars of industrial relations like 
Professor Ben Selekman of Harvard 
have structured a whole philosophy 
of union-management relations around 
these concepts.t 

On the other hand, this technique has 
been used in an attempt to by-pass the 
necessity for trade unions. A typical ex¬ 
ample of a trade unionist’s reaction to 
some of these techniques was likewise 
given by the writer at this same Denver 
meeting. His remarks follow: 

Professor Maier had just presented a 
paper describing a technique of demo¬ 
cratic decision. Workers were called 
upon to make a limited decision—who 
should come in on a regular day off. 
There was no question that someone 
would have to come in. Workers were 
not asked whether anyone was willing 
to come in, but ttiat someone had to 
come in and they should decide demo- 

*C. S. Golden and N. J. Ruttenberg, 
The Dynamics of Industrial Demo^acy 
(New York Harper and Brothers, 1942), 

p. 181. 

tB. Selekman and 8. Fuller, Problems 
in Labor Relations (New York: McGraw- 
Hill Book .Company, Inc., 1950). 


cratically who it should be. Profeeasor 
Maier had pointed out that this was not 
a management Manipulation technique 
because the decision would have to be 
unanimous. This led the writer to give 
the following answer to Professor Maier. 

Mr. Maier in his paper is recommend¬ 
ing a technique to factory managers 
which has been used by progressive 
educators ever since John Dewey wrote 
his first tracts on education. 

However, there seemS to be a con¬ 
fusion here between the trappings of 
democracy and its inner substance. Maier 
is quite aware of this. He states that the 
main purpose of his technique is to deal 
with the how of the job rather than with 
whether or not the job is to be done at 
all. 

Now the essence of democracy is the 
diffusion of power among contending 
groups so that they must reach agree¬ 
ment in order to function. The trappings 
of democracy granted at the sufferance 
of a despot find removable at his whim 
represent a very transparent facade for 
the real thing. Maier’s technique, no 
matter how well intentioned or sincerely 
offered, must of necessity degenerate 
into a manipulative technique. You are 
not asking or consulting people about 
what to do. You are maneuvering them 
so that they do what you want, but more 
efficiently. Perhaps such techniques are 
indispensable to the operation of a busi¬ 
ness enterprise. It is an open question 
whether or not an individual business 
enterprise can operate along any other 
but authoritarian lines. If it must, then 
Maier has something to offer, but this 
should not be confused with democracy. 

Perhaps 1 can best illustrate what 1 
mean by citing the example given by 
Maier. You will recall that he describes 
a situation where a supervisor needed 
two of three girls for Sunday work. All 
three girls had dates, one with girls, the 
second with her regular boy friend, and 
the third with a boy of whom she hoped 
to make a new conquest. The supervisor 
called all the workers together to deter¬ 
mine “democratically” which two of the 
girls should be compelled to come in on 
Sunday. After deliberation, the group 
decided that the girl who could keep her 
date was the girl seeking the new con¬ 
quest. 

If that factory were organized, the 
problem would be handled by asking the 
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girk whether they would be willing to 
work on Sunday in the first place. There 
would be no implied assumption that 
the girls’ dates after working hours were 
any less important than the employer’s 
production problem. If the girls are not 
willing to work after regular working 
hours, the employer is expected to seek 
a different solution to his production 
problem. This makes the difference be¬ 
tween real democracy, where power is 
distributed between the employer and 
the working force, and play-acting de¬ 
mocracy, where all problems are solved 
on the basis of the satisfaction of the 
employer's achievement of his objec¬ 
tives. 

Thomas Jefferson once observed that 
the continuation of democracy did not 
lie in the idyllic cooing of the lion and 
the lamb. It rested in the mutual sus¬ 
picion and distrust of equal contending 
groups, neither of whom would permit 
the other absolute power. They would 
function together by compromise. 

I do not mean to imjlly that there is 
no room for the industrial psychologist 
in the democratic scheme of things. Not 
at all. However, the psychologists must 
make up their minds within which sys¬ 
tem of values they are going to practice 
their techniques. Psychology can be con¬ 
sidered among the social sciences. It is 
anxious to receive support, and some 
business spokesmen in rather unabashed 
terms have made^lear under what set 
of circumstances the social scientists 
may expect to receive business support. 
They want operating techniques which 
will promote their own private concept 
of good industrial relations, that is, the 
relationship between the good shepherd 
and his sheep. 

• Frankly, I am suspicious of any tech¬ 
nique which purports to eliminate all 
industrial conflict. What we have to 
know is how to handle these conflicts 
without rending the social fabric of the 
country.* 

The violent reaction of trade unionists 
to this sort of manipulation appeared in 
a UAW;CIO publication: 


* From the Proceedings of the September 
1949 meeting of the Industrial Relations 
Research Association, Denver, on the sub¬ 
ject, "Psychology of Labor-Management 
Relations,” pp. 65-56. 


The gravest charge that can be leveled 
against these researches is that tibey 
uncritically adopt industry’s own con¬ 
ception of workers as means to be manip¬ 
ulated or adjusted to impersonal ends. 
The belief in man as an end in himself 
has been ground under by the machine, 
and the social science of the factory re¬ 
searchers is not a science of a man, but 
a cow-sociology. Burleigh Gardner has 
written: "The more satisfied he [the 
worker] is the greater will be his self¬ 
esteem, the more content will he be, 
and therefore, the more eflScient in what 
he is doing.” Surely, this is a fitting in¬ 
scription to go under the Model T sym¬ 
bol of Huxley’s Brave New World.* 

Koivisto has spelled out the issues 
which will dictate the trade unionist’s 
reactions to human relations problms 
as follows: 

Explicit awareness of values will serve 
to focus attention on problems that were 
not previously apparent. Interpreting 
industrial relations in terms of a given 
value framework, explicit or implicit, 
results in the solution of the “labor 
problem” in terms of some ideal model, 
such as Simons’ competitive society. 
Golden and Ruttenberg’s "industrial 
democracy,” or the human relations 
group’s rule by intelligent managers 
armed with human relations "skills.” t 

This last set of values can well lead 
to a well-lubricated authoritarianism. 

On tljp other hand, many constructive 
studies of the tensions to which indus¬ 
trial workers are subjected have come 
out of this fundamental orientation— 
for example. Walker’s & Guest’s The 
Man on the Assembly Line.t Such 
studies provide the data upon which 
management and labor through their 
respective organizations can act intel¬ 
ligently. 

*Dan Bell, "Deep Therapy on the As¬ 
sembly Line.” Ammunition (Detroit, 
Mich.), Vol. VII, No. 4 (April, 1949), p. 48. 

tW. A. Koivisto, “Value, Theory and 
Fact in Industrial Sociology,” American 
Journal of Sociology, Vol. LVIII, No. 6, 
May, 1963, 672. 

t Charles R. Walker ^aiui Robert H 
Guest, The Man on the Assembly lAnt 
(Cambridge, Mass.: Harvard University 
Press, 1962). 
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Another techniqae which has lately 
received great emphasis is ''communica¬ 
tions.” The trade unionist’s reaction to 
"communications” problems is gener¬ 
ally one of cynicism. He finds too often 
that the employer is so convinced of 
his position that he is unable to under¬ 
stand how anybody can take issue with 
it. Since he can’t admit to himself that 
there are two points of view, he finds 
an expert who is willing to support his 
own viewpoint. The employer’s failure 
to gain acceptance of his ideas is then 
regarded by him as a failure in com¬ 
munications. The following extract will 
serve to illustrate the writer’s reaction: 

The Standard Oil Company of New 
Jersey communieatea with me in two 
ways: as a customer and as a voting 
citizen. When I purchased my oil burner 
from the Esso Standard Oil Company 
(and I might add that it is a good 
burner), in order to keep my good will 
and spare me needless expense, the firm 
sent along with the burner a set of in¬ 
structions telling me what to do should 
the pil burner fail to work. Permit me 
to observe that the rhetoric used in this 
communication and the illustrations 
given do not begin to match the slick 
paper on which most corporations pre¬ 
sent their public appeals against so-called 
double taxation. Somehow despite all 
these technical failures, I, along with 
many fellow customers of ^the Esso 
Standard Oil Company, have made it 
our business to understand what Esso is 
trying to tell us in this technical paper. 
We knew that the company spoke with 
authority; we had implicit faith that 
the engineers who drew up this paper 
knew about what they were talking. 

I assume that many of you in the 
audience shared this feeling when you 
have purchased a toy which you had to 
assemble for your youngster in accord¬ 
ance with a set of instructions written 
in pure gibberish. \ou have always made 
it your business to understand these di¬ 
rections. You have faith in the mechanic 
who composes these directions. He might 
not know how to write aesthetically, but 
he knows l^w to put the toy together. 

How many<of us share the same faith 
in tihe authority of the company when 
it attempts to present its side of an 
anti-trust suit or its 'interpretation of 
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the effect of a price regulation or its tax 
argument? The breakdown in communi¬ 
cation, if it is a breakdown in communi¬ 
cation, does not arise because the 
material is unskillfully presented. It 
breaks down because we are not at all 
certain that the company knows about 
what it is talking. In other words it is 
not a problem in communication; it is a 
problem in resolving a conflict in ideas. 
And as long as we attempt to resolve 
conflicts in ideas by calling them failures 
in communication we are going to be 
frustrated.* 


10 . THE LEGAL STATUS OF IN¬ 
DUSTRIAL ENGINEERING TECHNIQUES 
AS SUBJECTS OF COLLECTIVE BARGAIN¬ 
ING 

The first problem that unions 
faced in handling production 
standards disputes was to establish the 
area as a field of collective bargaining. 
The whole philosophy which we have 
reviewed was the basic rationale to 
establish this right. Part of the history 
of the recognition and enlargement of 
this right can be traced through the 
National Labor Relations Board cases, 
the War Labor Board cases, and volun¬ 
tary arbitration decisions in this area. 

'The legal approach to this problem 
is hardly a fruitful way to promote good 
understanding. It is useful, nevertheless, 
to understand what these obligations are 
even if the engineer wants to prepare 
himself for nothing more than a fight. 

Section 8 of the National Labor Rela¬ 
tions Act provides: 

(a) It shall be an unfair labor practice 
for an employer—(5) to refuse to bar¬ 
gain collectively witli the representa¬ 
tives, his employees. . . .t 

The N. L. R. B. and the courts have 
supported the portion under this clause 
that wage information which is neces¬ 
sary to the union for intelligent bargain- 

* W. Gomberg, discussant. Proceeding* 
of the IRRA Annual Meeting, Dec. 1952, 
pp. 161-152. 

t Section 8(a)(5) of the NLRA (Taft- 
Hartley Law). 
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mg on the issues raised in negotiations 
must be supplied to the workers even 
when the contract is silent on the sub¬ 
ject. The Board has interdicted uni¬ 
lateral changes affecting wages and has 
drawn no distinction in situations in 
which a wage incentive payment plan is 
involved and situations in which a wage 
incentive payment plan is not involved. 

For example, in Mason and Hughes, 
Inc., 86 N. L. R. B. 848 (1949), the uni¬ 
lateral installation of an incentive plan 
was declared in violation of Section 
8(a)(5) and failure to answer inquiries 
about the plan were tantamount to 
withdrawal of recognition from the 
Union. 

On the other hand, the Board ruled 
in Libby, McNeill and Libby, 65 
N. L. R. B. 873 (1946), that the em¬ 
ployer’s unilateral establishment of a 
wage incentive plan was found to be 
legitimate. The union ^ad accepted the 
plan for three years and then sought its 
elimination through collective bargain¬ 
ing. Failing in this approach, it then 
attacked the initiation of the plan. The 
Board held that “the attack comes too 
late,” and there was no refusal to bar¬ 
gain. 

Some other examples of management 
unilateral action^ which the Board has 
declared illegal follow: 

1. Making unilateral adjustments in 
piece rates or unilaterally determining 
and establishing the amounts of piece¬ 
work rates.* 

2. Refusing to discuss the elimination 
of its incentive plan and promulgating 
its extension to other non-incentive em- 
ployees.t 

3. Threatening to cut the piece rate 
if the union won the election.^ 

4. Unilateral institution of a wage 
incentive plan when the collective bar¬ 
gaining agreement provided that such a 
plan might be operated if adopted by 

♦ Tower Hosiery Mills, Inc., 81 
N. L. R. B, 658 (Feb. 1949). Top Mode 
Manujacturing Co., 97 N. L. R. B. 1273 
(Jan. 1952). 

t H. R. Terryherry Co., 88 N. L. R. B. 
642 (Feb. 1950). 

$ Dovedown Hosiery Mills, 102 N. L. 
R. B. No. 65 (Feb. 1953). 


mutual agreement of management and 
the union shop committee.* 

One of the principal methods that 
have been used to enlarge the inclusion 
of wage incentive payment plans and 
job evaluation plans in the area of 
collective bargaining has resulted from 
the doctrine of the employer’s obligation 
to furnish wage information to the 
union. 

The first wage information case arose 
in 1942. It did not involve a request for 
either wage incentive or job evaluation 
information, but the reasoning in the 
case was subsequently applied in a long 
line of case.s, many of which did involve 
such requests. The case involved the 
Aluminum Ore Company. Here the 
Board upheld the union’s right to re¬ 
quest a wage history of the employees in 
the bargaining unit, including, by name, 
their rates of pay, job classification, and 
wage changes over the previous two 
years, and denied the firm’s contention 
that this information was confidential. 
The Court of Appeals, in enforcing the 
Board’s order to comply with the 
Union’s request, said: 

[Collective bargaining] contemplates 
exchange of information, ideas and theo¬ 
ries in open discussion and an hone.st 
attempt to arrive at an agreement. . . . 

Again we cannot believe that it was 
thceintent of Congress in this legislation 
that, in the collective bargaining pre¬ 
scribed, the union, as representative of 
the employees, should be deprived of 
the pertinent facts constituting a wage 
history of its members. We can conceive 
of DO justification for a claim that such 
information is confidential. Rather it 
seems to go to the very root of the 
facts upon which the merits were to be 
resolved.t 

The review of the employer’s obliga¬ 
tion to furnish wage information will be 
divided into two parts. The first will 
concern itself with the application of 
this obligation to wage incentive pay- 

* Morgan Co. Inc., Wift ERB (1940), 6 
LRRM 639. * 

t Aluminum Ore Company, 39 N, L. R 
B. 1286, enforced 131 FJ2d 485 (C.C.A. 
7th). 
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ment plans and pl^uction standards 
disputes. The second, to job evaluation 
and job classification disputes. 

Employers have rdied on a variety of 
reasons for failure to furnish wage data 
for collective bargaining sessions, with 
mixed results. For example, in the 
Crompton-Highland Mills Case, the 
union, knowing the schedule of rates and 
current payments under the firm’s point 
system, requested information on the 
method of determining the point, point 
standards, and job specifications. The 
mployer refused to reveal this informa¬ 
tion but invited the union to make its 
own studies. The Board, reversing the 
trial examiner’s findings, held that the 
firm’s refusal to comply with the union’s 
request was not in bad faith. 

In view of the [firm’s] invitation to 
the Union, to conduct its own engineer¬ 
ing studies at the plant, and under all 
the circumstances of this particular case, 
including the evidence of substantial 
counter-proposals on many other issues, 
we find that this part of the respondent’s 
conduct was not violative of Section 
8(6) of the Act.* 

On the other hand, the Board ruled: 

[The] employer refused to bargain by 
refusing request for information on pro¬ 
duction standards oh government con¬ 
tracts, the methods used to calculate 
individual earnings, pay rates and incen¬ 
tives bonuse8,t 

Similariy, it ruled in the Vanette Ho¬ 
siery case that: 

[The] employer refused to bargain by 
refusing to produce the information re¬ 
quested by the union concerning the 
piece and hourly rates of certain em¬ 
ployees. The union requested (a) the 
piece and hourly rates in effect at the 
mill on ail job classifications as of that 
date, and (b) the average hourly earn¬ 
ings for each department compiled on 
a 40-hour work week basis.} 

• Crompton-Highland Mills, Ine., 70 
N. L R. B. 20^ (August 1946). 

t Dixie Manufacturing Co. Inc., 79 
N. L. R. B. 645 (Sept. 1948). 

} Vanette Hosiery AfiUs, 80 N. L. R. B. 
1116 (Dec. 1948). 


Again, as late as 1952, the Board ruled 
that the: 

[The] employer refused to bargain 
by refusing to supply a list of piece rates 
needed for bargaining.* 

Significantly, however, in OUs Elevator 
Company, 102 N. L. R. B. 72 (Jan. 
1953), the firm, in handling a grievance, 
refused to furnish or allow copies to be 
made of its file on the production stand¬ 
ard for one of its operations. The union’s 
request to bring in its own time study 
man to conduct a study of the job was 
also turned down. In both instances, the 
employer was found to have violated 
Section 8(a)(5). 

The ruling in the Otis Elevator Case 
represented a marked departure from 
the ruling in the Crompton Highlands 
Case. It will be noted in the Crompton 
case that the offer of the company to 
permit union time study men to make 
their own studies in the plant freed 
the company of any obligation to furnish 
the company’s time study data to the 
union. 

The Otis Elevator Case obligated the 
employer both to furnish the company’s 
data and simultaneously to permit the 
union to make its own studies. We now 
turn to a review of the employer’s obli¬ 
gation to furnish job Evaluation and job 
classification material. 

The Board ruled that: 

[The] employer refused to bargain by 
refusing to supply the salary and num¬ 
ber of points in its job evaluation plan 
for each of the employees in the unit.t 

This right of the union to secure job 
evaluation data from the company is 
emphasized again, for example: A bona- 
fide delay in getting the data requited 
is recognized by the Board. Thus, in 
Old Line Life Insurance Co. of America, 
96 N. L. R. B 499 (Sept. 1951), the 
Board held that the employer’s f^ure 
to fulfill its contractual commilment to 
draft a clear-cut definition of the work 

* Texas Foundries, Inc., 101 N. L. R. B. 
249 (Dec. 1952). 

t The B. P. Goodrich Co., 89 N. L. R. B. 
1161 (May 1950). 
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requiranenta of the i^veral classifica¬ 
tions under its job evaluation plan was 
not a refusal to bargain in bad faith. For 
the employees omission “was not moti¬ 
vated by a desire to delay or prevent 
bargaining on the matter in question.** 
The preparation of the plan urns 
time-consuming and the employer has 
promised to present it for consideration 
as soon as ready. 

The trial examiner of the Board in 
the Electric Auto Lite case spelled out 
the importance of this obligation to 
furnish the union with wage classifica¬ 
tion information. He stated that: 

[The Union] could not intelligently 
represent the employees in the bargain¬ 
ing negotiations for a general increase 
then under way without knowing their 
current wage rates. 

Furthermore, as the recognised bar¬ 
gaining agent, it was the Union’s duty 
to make inquiries ... . in order to de¬ 
termine whether the s^aries and merit 
increasea were within the agreed range 
[25 union members]. . , . The small 
size of the unit is material only as 
emphasizing the reasonableness of the 
Union’s request and the ease with which 
the Respondent can comply. There is 
and can be no claim that compliance 
would be “so burdensome or time con¬ 
suming as to impede the process of bar¬ 
gaining.’’ . . .* • 

Finally, the Board ruled in the Mont¬ 
gomery Ward case that: 

The employer refused to bargain, an¬ 
nouncing a new job evaluation plan 5 
daya after the complex proposal, many 
months in preparation, had been sub¬ 
mitted to the union.t 

Thus it can readily be seen that the 
National Labor Relations Act specifi¬ 
cally includes the techniques of job 
evaluation, wage incentive payment 
plans, and the underpinning production 
standards within the area of collective 
bargaining. This conclusion has been 
affirmed by the courts. 

* Electric Auto Lite, 89 N. L. R. B. 1192 
(May 1960). 

i Montgomery Ward and Company, 90 
N. L. R. B. 1244 (July 1950). 


The National War Labor Board’s ap¬ 
proach to these techniques is of histori¬ 
cal interest, although its decinons 
possess no statutory force. A review of 
these decisions is nevertheless useful be¬ 
cause they set the thinking for many 
current arbitration incisions. 

With the increas^ interest in wage 
incentive plans during World War H, 
the National War Labor Board soon 
found it necessary to develop wage 
incentive payment plan standards for 
approval. Executive Order No. 9328, the 
“hold-the-line” order of April 8, 1943, 
enjpowered the Board to authorize “rea¬ 
sonable adjustments of wages and sala¬ 
ries in the case of . . . incentive wages 
or the like.’’ 

Shortly thereafter, in September, 1953. 
the first plant-wide incentive plan case, 
Grumman Aircraft Engineering Com¬ 
pany, came before the Board. In this 
case, the Board established the principle 
that: 

The basis of any incentive plan is 
whole-hearted acceptance of those di¬ 
rectly affected. The Board will not order 
an incentive system in a dispute case 
It will act only upon voluntary submis¬ 
sions made by an employer and joined 
in by a union where it represents the 
employees. 

This principle was later reaffirmed in 
a unanimous resolution announced on 
Octob^ 2, 1943: 

(Consideration by the National War 
Labor Board of proposed wage-incentive 
plans will be limit^ to voluntary sub¬ 
missions by employers and to joint sub¬ 
missions agreed to by employer and 
union in each situation in which a union 
is the collective bargaining representa¬ 
tive of the employee. Incentive wage 
payment programs will not be ordered 
in dispute cases since that would be in¬ 
compatible with the need for cooperative 
effort which is basic to the success of 
such programs. 

The policy with respect to certain new 
plans was thus clearly delimited. 

The Board policy on changes in estab¬ 
lished plans was nevef embodied in a 
resolution or statement. Its position, 
however, is clear from a number of 
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cases. In Riverside and Pon River Cot¬ 
ton Mills, (WLB) 1943, the Board 
recognized “inanagem^t’s function and 
responsibility to initiate technological 
changes and make method improve¬ 
ments with the understanding that 
changes affecting working conditions, 
wages, or security of the employee will 
be subject to review and agreement be¬ 
tween the company and the union.” The 
Board felt in this and a series of other 
cases, that the problem was adequately 
handled if the parties: 

1. Handled questions of changes 
through established grievance procedui^. 

2. Had a joint discussion of rates 
prior to institution. 

3. Bargained collectively. 

4. Had a trial period of operation. 

5. Resorted to arbitration if disputes 
could not be settled by collective bar¬ 
gaining. 

Thus the right of the union to chal¬ 
lenge management’s unilateral decisions 
with respect to production standards 
under established systems was limited to 
the contractual grievance procedure and 
arbitration machinery. If, however, the 
contract provided for joint settlement 
of piece rates or production standards, 
then the Board upheld the contractual 
provisions. (.4mencan Wire Cloth Mfg. 
Assn., WLB 1944). 

The Board faced a somewhat differ¬ 
ent problem, however, when faced'with 
a contract giving the employer the right 
to institute such a plan without union 
consent. In the case of the Kosmos 
Timber Co., an order directing the firm 
to discontinue a piece-rate system was 
vacated since the contract established 
the employer’s right to maintain such 
a system. 

'This decision stemmed from the 
Board's policy to preserve established 
collective agreements. 

Condition number 5, above, calling 
for the settlement of production stand¬ 
ards disputes by arbitration, is particu¬ 
larly significant. Following the war, or¬ 
ganized management through President 
Truman’s Labor iClanagement Confer¬ 
ence attempted to define the setting of 
the standard as a inanagement function 


with arbitration ruled out as a terminal 
point. This was an attempt to roll back 
the Board doctrine that had become 
part of postwar thinking on collective 
bargaining. 


11. ABBITRATION DtBCISlONS 
11.1 GENERAL APPROACH 

Arbitration decisions with regard 

to wage incentive and job evalua¬ 
tion programs have not been consistent. 
In part, this inconsistency is due to the 
arbitrator’s conception of his role in the 
dispute. One arbitrator will insist on 
a highly technical interpretation of a 
contract, whereas another will seek an 
interpretation that will maintain indus¬ 
trial harmony and further mutual un¬ 
derstanding. Many" decisions have run 
counter to the stream of N. L. R. B. 
decisions. Such decisions are possible 
because the N. L. R. B. will not ordi¬ 
narily step into a dispute over an inter¬ 
pretation of contract, particularly when 
the grievance procedure calls for arbitra¬ 
tion, as it does in most contracts today. 
Since contracts make the arbitrator’s 
award final and binding on both parties, 
decisions can seldom be challenged suc¬ 
cessfully. • 


11.2 THE NATURE OF MANAGEMENT’S 
RIGHT TO SET PRODUCTION 
STANDARDS 

The widely publicized decision 
that ended the four-week strike 
at the Ford Motor Company in 1949 
spelled out in detail the nature of man¬ 
agement’s right to set production stand¬ 
ards. 

. . . The “right of the company” tto 
establish, determine, maintain, and en¬ 
force standards of production] which is 
“fully recognized” is not a right to make 
a final and binding determination. It is 
not like other “rights” specified in Arti¬ 
cle IV, as for example, the right to 
“decide the number and location of 
plants” or the “products to be manu- 
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factured” or the “schedules of produc¬ 
tion” or the “starting and quitting time." 
As to these matters, the company may 
make final determinations which the 
union must accept for the term of the 
contract and which may not be made 
the basis of strike action during that 
term. Such is not the case with respect 
to production standards. There the right 
“to establish and determine and to main¬ 
tain and enforce” is more in the nature 
of a right to initiate. . . .* 

Turning to the specific issue before it, 
the arbitration panel then ruled that: 

Under contract which gives the com¬ 
pany the right to maintain and enforce 
standards of production, the employer 
may operate its production lines at a 
speed in excess of the desired production 
schedule. However, it must seek to make 
each employee’s work assignment as 
measured by standard work minutes 
equal to or within actual production 
cycle time available T,o*him. In cases 
where the speed of the production line 
results in requiring employees to regu¬ 
larly work at a speed above standard, 
the parties should work out a solution 
to fit the silualion.f 

In other words, they must bargain 
out a mutually satisfactory solution. 
The obligation to furnish information to 
the union on the soperation of wage 
incentive payment plans and the setting 
of production standards has been sus¬ 
tained in the following cases: 

1. Kendall Mills, 8 LA 307 (August 
1947) 

The contract provided that the em¬ 
ployer should discuss proposed changes 
in job or work assignments, workloads, 
and job rates with the union’s shop com¬ 
mittee, with a view to reaching an 
agreement on such changes. The union 
is entitled to job descriptions for all job 
classifications in the bargaining unit, 
since it is ‘ a reasonable request and 


* By permission from Problems in Labor 
Relations, by Benjamin M. Selekman, 
Sylvia K. Selekman, and Stephen H. Ful¬ 
ler. Copyright, 1950. McGraw-Hill Book 
Company, Inc., pp. 338, 339. (Italics in 
last sentence by author.; 
t Ford Motor Co~ 12 LA 949 (July 1949). 


would facilitate the operation of the 
collective bargaining agreement.” 

2. International Harvester Co., 14 LA 
63 (January 1950) 

Since the contract provided that in 
disputes over piece rates the employer 
must furnish the data upon which the 
rate in question was established, the 
employer must furnish the union with 
the original time studies requested, 
showing the observed times and stand¬ 
ard times fixed for each element in 
operation. Contention is rejected that 
the employer need furnish only the 
standard time fixed for the entire oper¬ 
ation because that is what the rate is 
based on. Confusion arises when the 
problem of unilateral action by manage¬ 
ment in the administration of the plan 
takes place; for example, the following 
two cases sustain unilateral management 
action. 

3. Champion Lamp Works, 11 LA 703 
(October 1948) 

Under contract giving the employer 
exclusive rights to manage the plant, the 
employer may change the speeds of 
the machine at his discretion so long 
as the wage benefits of the contract arc 
not negated. 

4. Thor Corp., 16 LA 770 (May 1951) 

The contract provided that when the 

employer contemplates increasing the 
speed of a machine, the union must be 
called in* “to determine whether or not 
there is a necessity for changing the 
piece rate.” The employer is not re¬ 
quired to obtain xmion approval of 
either the new speed or the new rate. 
The determination of whether the ma- 
^ chine speed should be increased and 
w’hat specific rate should be paid for 
the job are the sole prerogative of man¬ 
agement. On the other hand, here is an 
example where such action was limited. 

5. Huffman Mfg. Co., 17 LA 293 
(Septeml^r 1951) 

The employer has the right to set a 
higher production rate for assembly line 
without increasing the pay of the em¬ 
ployees provided that th^ increased out¬ 
put does not require employees to pro¬ 
duce greater than 125 per cent of base 
rate, which is the maximum production 



list HAM UNIONS AND iWMISTIllAt INOINBIIWIO 


rate that can be required under the 
past practice of the parties. 

Private arbitratoie differ in their in¬ 
terpretation of the rights of the union 
under job clasafication schemes. Most 
of these decisions depend upon the con¬ 
tract and the personality of the arbitra¬ 
tor. For example, in the case of General 
Motors, the arbitrator ruled that; 

Management has the right to set up 
new classifications, but does it have the 
right to take such action without prior 
consultation with the representative of 
the employees? The answer is found in 
the rulings of the N. L. R. B. and the 
Courts which have consistently held 
that an employer in taking an action 
affecting wages, hours, and other condi¬ 
tions of employment should consult the 
union.* 

The arbitrators ruled similarly in the 
case of the Armstrong Rubber Co. and 
Librascope, Inc. The decisions state 
that: 

When the contract provided that the 
employer must “meet with and bargain 
with” the union on “all matters” per¬ 
taining to wages, hours, and conditions 
of employment, it was a violation for 
the employer to establish a new job 
classification and rate without bargain¬ 
ing; discussion of the change under the 
grievance procedure after new classifica¬ 
tion and rate became effective is not 
suflicient.t * 

Although the contract gives the em¬ 
ployer exclusive rights to determine the 
methods and means of manufacture, it 
does not give the employer the unilateral 
right to establish new job classifications 
as the contract also provides that “addi¬ 
tional occupational classifications may 
be installed by the union and the com¬ 
pany.” t 

Thus, in every case, the careful cir¬ 
cumscription of management’s preroga¬ 
tive in this field leads it to sWe the 

♦ General Motori Corp., 7 LA 368 (April 
1947). 

t Armetro^ Rubber Co., 18 LA 90 (Jan¬ 
uary 1952). • , 

tIAbraacope, Inc., 18 LA 539 (March 
1052). 


function with the union. The kind of 
decision that can be expected under 
similar contracts, however, where the 
arbitrator takes the legalistic rather than 
the operating approach is seen in the 
case of the Great Lakes Carbon Corp. 
Here the arbitrator ruled that: 

In the absence of a clause to the con¬ 
trary, the employer has the right to 
unilaterally abolish two job classifies^ 
tions and establish a new classification 
following the introduction of new equip¬ 
ment. The clause providing that “noth¬ 
ing contained herein shall prevent the 
company, in conjunction with the union, 
from establishing new classifications,” 
does not expressly require joint action.* 

A similar legalistic approach to infor¬ 
mation disclosure is found in the case of 
the Borg-Warner Corporation. 

In Borg-Wamer Corp. Case, 9 LA 
901 (1948), even-though the contract 
provided for negotiations to eliminate 
inequities in the application of a new 
job classification system, the employer's 
refusal to furnish the union with its 
point evaluation system on which job 
classifications are based was not a 
refusal to bargain. “It is . . . clear that 
the parties are entitled to develop in¬ 
formation independently and for the 
purpose of pressing their respective 
positions.” Neither set of data is binding 
upon the parties. When the employer 
rejects the union's proposal in light of 
its own job evaluation chart, the union 
can persist in its position and request 
the employer to give a more revealing 
answer or advance its case on the basis 
of its own job standards. 

The conclusions to which we come 
after reviewing this legal treatment is 
that unions in the future are unlikely to 
sign contracts that waive rights guaran¬ 
teed to them by past decisions of the 
National Labor Relations Board. A 
union may find itself in the anomalous 
position where it is entitled to all the 
information about a time study plan 

* Great Lakes Carbon Corp., 19 LA 797 
(January 1953). 
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before it has signed its first contract, by the union in a voluntary contract. 


but because it was not careful in de¬ 
lineating its time study rights under 
the contract a legalistically minded 
arbitrator is able to take away some¬ 
thing from it which it had before 
the agreement. As we have seen, the 
N. L. R. B. will not restore rights waived 


This waiver, of course, can only happen 
once. Under the circumstances, the engi¬ 
neer would be wise to reconcile himself 
to the fact that the union will be a party 
to all his techniques. It is to his ad¬ 
vantage to learn what practices they 
are ready to accept. 
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Budgeting, 1073-1118 (see also Budgets) 
Budget periods, 1078 
Budgets; • * 

capital, 93-101, 1106-1108 
cash, 1100-1106 
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■ Check-off, 203 

Chemical pilot plant, operations research 
case history, 102^1(31 
problem, 1028-1029 
results, 1031 

team use in research, 1029-1030 
Chesapeake and Ohio Railway, 1052 
Chip breakers, 697 
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production, 498-506 
statistical, 783, 788 
Control apparatus, visual, 1070-1071 
Control charts, for maximizing alcohol out¬ 
put, 1030-1031 

Control charts, 782-799, 988-995 (see also 
c charts, p charts, R charts, o (sigma) 
charts, X' charts) 

Control department, 1075-1076, 1109-1110 
Control limits; 
factors for computing, 786 
formulas, 787 
modified, 992 

relationship of specification limits, 788, 
992 

trial. 787-788 , 

Cooke, Morris L., 1129, 1130, 1131 
Cooperative programs, union-management, 
206 

Copley, F. B., 1126 
Corporations, effective tax rates, 168 
Correlated samples, 871 
Correlation, 895 (see also Regression) 
Correlation analy.sis: 
limitations of, in profit forecasting, 64 
in O.R. experiment, 1050 
use of, in sales forecasting, 68-70 
Correlation coefficient, 895 
Cost; 

relationship between output. 62-64, 74-77 
relationship of size of plant, 78-79 
Cost concepts, 72-75 
Cost control: 
principles, d075 
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Interest, compound, 106-139 
Interest factors: 
explanation, 108, 117-121 
tables, 106-118 

International Association of Machinists, 
1163 

International Business Machines, 646 
International Commission on Illumination, 
630 

International Electrotechnical Commis¬ 
sion, 630 ( 

International Federation of National 
Standardizing Bodies, 630 
International Harvester Co., 6, 647 
International Ladies’ Garment Workers’ 
Union, 1120, 1129, 1131, 1149, 1163 
International Organization for Standard¬ 
ization, 631 

Interruptible industries, 548 
production control for, 501 
Interviewer’s Guide, 218, 219 
Inventory, relationship of production and 
sales to, 1079-1084 
Inventory budget, 1087 
Inventory records, 491-493 
perpetual, 492 

Inventory turnover, 1082-1084 
Inverse dollar law, 1053 
Investments, invnediate vs. deferred, 146- 
147 • 

Irason, W. G., 498, 546 
Isopletb charts, 514 


Jacobs, W. C., 543 

JAN-STD-IOS, 818 

Jenkins, Creed H„ 471 

Jessen, Preben, 607 

Jigs, 668-706 (see Fixtures and jigs) 

Job analysis, 208 (see Job evaluation) 
union viewpoint of, 1134-1147 
Job analyst, qualifications, 211 
Job classification, 208 
Job descriptions, 208, 212, 1136, 1137 
industrial relations director, 177 
labor relations director, 179 
personnel director, 178 
Job evaluation, 208, 241-246 
collective bargaining and, 1138-1140 
factor comparison method, 242 
job classification system, 242 
joint participation in, 1139-1141 
methods, 1135 
point system, 242 
problems in applying, 246 
I>sychologi8ts’ analysis, 242-243 
systems and methods, 242-243 
union attitudes, 246, 1134-1147 
wage structures under, 243 
Job information!' • 
gathering, 209 
by interviews, 209 
by observation, 209 
by questionnaires, 209-211 
Johnson and Johnson, 6 
Johnson, Gen. R., 6 
Joint Products, 80-81 
Jones & Laughlin Steel Cprp., 51, 770 
Juran, J. M., 966, 968, ^0, 971, 972, 979, 
994, 998 

Jurgensen, Clifford E.,‘222 

Kelvin’s Law, 146 
Kendall Company, 5, 6 
Kerr, Clark, 1145, 1146 
Kincer, J. B., 524 

Knotter, Barber-Colman, operation of, 1059 

Knowles, Asa S., 256 

Kohler, M. A., 532 

Koivisto, W. A., 1175 

Kress, A. L., 1135 

Kriedt and Benson, 276 

Labor, organized: 
and management rights, 1134 
attitudes toward industrial engineering, 
1121-1183 

early attitudes toward scientific manage¬ 
ment, 1126-1134 
ideologies, 1122-1125 
Labor costs, 231 
Labor policy review, 185-186 
Labor relations, 17^280 (see Manpower 
management) 



INDEX 


11*9 


Labor relations (cant .): 
time study and, 1148-1150 
union attitudes, 1148-1150 
Labor relations director, 170,181 
Labor utilization index, 1067 
Ladders, design ot, 727 
LaRost, E. S., 1080, 1090 
Latin square, 944-049, 1041-1042 
Lazarus, I., 387, 389 

liCL freight charges, interline divisions, 
1052-1053 

Least squares method 889-910 
LeFebure Corp,, 484 

Legal status of industrial engineering tech¬ 
niques, 1176-1180 
adjustments in piece rales, 1177 
exchange of information, 1177-1178 
incentive plans, 1179 
production standards, 1179-1180 
refusal to discuss incentive plan, 1177 
unfair labor practices, 1176 
Legislation, compensation, 758-757 
Levine, L., 1129 

Lewis, W. H., biographical sketch, 960 
Lieberman, G. J., biographical sketch, 773 
Life, concept of econoidicf 164-165 
Life test, 1004-1005 
sample size required, 1005 
LIFO method of inventory valuation, 60- 

/ 

»/Lme and staff: 

integrating activities of, 27-28 
operators and specialists, 26-31 
organization, if 

principles of r^tionships, 28-29 
reconciling in larg| companies, 28-31 
Linsley, Ray K., biographical sketch, 508 
Littauer, Sebastian, 1022, 1023 
Load planning, 475 
Loan, methods of repayment, 107 
Locating and clamping, 670-671 
location, plant, 42, 555-559 
economic concessions, 42 
factors affecting, 556-557 
labor relations, 42 
regional, 555-557 
within regions, 558 

London Passenger Transport Board, 1039 
London Transport Executive: 
development of O.R., 1039 
O.R. case history, 1039-1043 
the O.R. team, 1040 
a planned experiment, 1041-1042 
planned service tests, 1042 
use of routine data, 1040 
Losses, use of income taxes to limit, 169 
Lot Plot Plan, 999 . 

Lot tolerance, per cent defective, 811, 813- 
815, 996 

Louden, J. S., 1147 


Lowry, S, M., 285 
LTPD, 811, 813-815, 996 
Lutz, Earl F., 753 

McBee Company, 485 
McCaskey Register Co., 476, 477 
McCollum, F., 43 
McCord, William, 225 
Machine operation accuracy form, 1010- 
1011 

Machinery and Allied Products Institute, 
61, 166 

Machine tool selection, 661-662 
Machine utilization: 
chart, 1063 

equation for maximizing, 1061 
McKelvey, J. T., 1126,1127, 1129,1132 
McMurry, Robert N., 222, 253 
McNairy, J. W., 1002-1003 
Maintenance of membership, 202 
Major defects, 818, 978 
Management security, 204 
Managerial reports, 1111-1118 
Manning tables, 182, 213-214 
Manpower management, 172-280 
activities, 182 
consultants, 181 
cost, 187 

employee benefits division, 187 
employee representation plans, 205 
employee’s responsibility, 175 
government in, 175 
importance, 173 
medical division, 186 
nature, 174-182 
necessity, 174 

organization, multi-plant, 187 
organization chart, 187 
organlzatiou, 186 
policy, 185 
policy review, 186 
responsibility, 174-175 
responsibility for policy, 185 
safety division, 186 
specialized functions, 183 
staff and line in, 176 
staff responsibilities, 185 
staff specialists in, 175 
terminology, 175-176 
titles used in, 181 
training division, 187 
' union contracts, 190-201 
union responsibilities, 175 
Manufacturer’s agents, discounts, 00 
MAPI formula, 166-167 
Market segmentation, 91 
Market-share concept of demand, 67 
Materials, cutting tool, 692-693 
Materials control, 489-498 
criteria for decision, 496-498 
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Materials coatrol {tont .): 
economy in, 48M90 
inventory status, 491-492 
materials requirements, 492-496 
order quantities, 496-498 
organization, 490-491 
process information, 491 
Materials handling, 607-614 
analysis, 609-611 
equipment, 614-615 
features of systems, 611-613 
flexibility in, 611 
importance of methods, 607 
principles, 608-609 
selecting the system, 613-615 
terminology, 607-608 
Materials handling, operations research 
case history, 1C31-1038 
analysis of data, 1033-1037 
conclusions, 1(37-1038 
data obtained, 1033 
the problem, 1031-1032 
Materials review committee, 966 
May, J. H., 914 

Maynard, Harold B., 285, 1155, 1157 
Mean, arithmetic, 778 
of binominal distribution, 794 
distribution of sample, 785 
of grouped data, 777 
of normal distribution, 780 {see also 
Normal distribution) 
of Poisson distribution, 797 
true value of, 779 
Measurements, 981-987 
Mechanics, body, 755-756 
effects on health, 755 
Medical service, 594-595, 761-762 
educational, 762 

functions, 761 « 

personnel, 761 
records, 762 

Meek, Raymond E., 764 
hlental hygiene, 759-760 
Menzler, F. A. A., 1022, 1038 
Merrington, M., 875 

Methods-Time Measurement, 1155-1157 
Methods-Time Measurement Association, 
1157 

Methods vs. procedures, 396 
Metropolitan Life Insurance Co., 592 
Military standard 105A, 818-829, 977-978, 
998 

variables plans matching, 841-845 
Miller, Fred, 1130 
Mimeograph 4170, 155 
Minimum-cost problems in engmeering 
economy, 148-147 
Minor defects, 819', 978 
Models, layout, 586, 588 
Modified control limits, 992 
Mogensen, A. H., 2|85 


Monarch Machine Tool Co., 687 
Monotony, 247 

Moore, Leo B., biographical sketch, 618 
Moquin, J., 389 
Morale, employees, 246-264 
appraisal, 249-253 
interviews, 249-250 
problems and symptoms, 246-249 
Mosteller, F., 818 
Motion and time study, 283-301 
applicability, 283-284 
definition, 283 
early textbooks, 286 
history, 284-285 
interrelationship, 283 
policies, 390 
types and uses, 385-389 
Motion study: 
activity chart, 287, 318 
application, 2B5-2% 
check lists, 295-314 
criteria of preference, 302 
cyclegraphic, 290 
definition, 285 
film analysis, 341 
forms, 315-3^' ' 
man analysis, 287, 289 
memomotion, 290 
micromotion, 290, 340, 349-352 
micromotion study, 294 
possibility guide, 301, 316-317 
procedures outline, 339-352 
product analysis, 287-288 
Simo-ohart, 338 . 

symbols, 291-298 ^ 

techniques used, 28£^-291 
therblig check list, 312-314 
uses, 285 
work areas, 307 

work distribution charts, 287, 319 
Motivation, employee, 24^264 
Mueller, M. F., 537 
Mullen test, l(]i06 

Multiple sampling, 810-811, 825, 997 
Mundel, Marvin E., 1156, biographical 
sketch, 282 

Murdoch, John, 1022, 1031 

Nadler, Gerald, 1154, 1156 
Nash, C. Stewart, 766 
National Association of Manufacturers, 
192, 194, 197, 1162 

National Bureau of Standards, 626-629 
National Electrical Manufacturers Asso¬ 
ciation, 1135, 1142, 1143 
National Fire Prevention Association, 742 
National Industrial Recovery Act, 205, 
1132 

National Labor Relations Act, 205 
National Labor Relations Board, 1150, 
1176, 1177, 1178, 1179, 1180, 1181, 1182 
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National Metal Tradei Association, 1135 
National Safety Council, 719 
National Screw Machine Products Associ¬ 
ation, 1001 

National Tuberculosis Association, 751 
National War Labor Board, 1129, 1135, 
1138, 1142, 1145, 1180 
Negotiations, union {see Contract negoti¬ 
ation) 

Nelson and Yoder, 280-281 
Newman, W. H., 396 
New product committee, 966 
New products, forecasting demand for, 
68 

New York University Cardiac Clinic, 768 
Nightingale, Florence, 25 
Nomograph for production time, 1068- 
1070 

Normal curve equation, 780 
Normal distribution: 
areas, 781 

asumption of, in statistical analysis, 780, 
784, 785, 853 

assumption of, in variables sampling in¬ 
spection, 839 ^ 

description, 779 * 

mean, 780, 887 
percentage points, 854, 869 
significance tests involving mean, 851- 
854, 857, 869, 870, 872, 887 
Normal equations, 891, 904, 907 
Normal inspection in MIL-STD 105A, 
819, 826-829 
Norris, John L.}|J69 
, North American Aviation, Inc., 1146 
Norton, P. T., Jr^ biographical sketch, 
102 

Numbering systems, 645, 649 
Nutrition, 765-766 

Obsolescence, 66 
tax practice regarding, 160 
Occupational diseases, 767-768 
OC curve (see Operating characteristic 
curve) 

Office planning, 601-606 
considerations in, 606 
layout, 604-606 
location, 601-603 
private offices, 603 
space estimation, 603-606 
Office procedure (see Systems and proce¬ 
dures) 

Old age benefits, 261 
Olds, E. G., 971 

One hundred per cent premium plan, 238 
One-sided acceptance sampling tests, 838- 
845 

One-sided significance tests, 851-854, 856- 
857, 861-863, 867-868, 870, 872, 874, 
886 


Operating characteristic curi'e: 
for chi-square tests, 866-868 
definition, 800 

for double sampling plana, 809 
effect on, of increasing sample size, 801- 
802, 850 

effect on, of varying acceptance number, 
802 

for F test of significance, 885-886 
ideal, 801 

limitation on use of, in significance test¬ 
ing, 852 

for one-sided normal test, 857 
for sequential sampling plan, 837-838 
for single sampling, 808, 830-833 
for t tests of significance, 859-862 
for two-sided normal test of significance, 
855-856 

Operating instruction, for safety, 723- 
724 

Operation chart, 346 
check list, 305-306 
examples, 331, 333-334 
symbols, 293, 294 

Operations analysis, 675-676, 1015-1071 (see 
Operations research) 

Operation sheets, 503, 658 
Operations of a process, 661 
sequence, 663 

Operations research (O.R.), 1015-1071 
bibliography, 1071 
editors’ foreword, 1015-1016 
features, 1017 
general concepts, 1016 
organization of, 1017-1018 
origin of term, 1016 
qualifications of O.R. worker, 1018 
relations to scientific management, 1016 
use o*J case histories, 1017 
Operations research case histories, 1022- 
1071 

analysis of problem, 1067-1068 
authors, 1022 

ceramic manufacturing, 1043-1051 
chemical pilot plant, 1028-1031 
consultants, 1017-1018 
economic control of book manufactur¬ 
ing, 1023-1028 

materials handling in heavy machine 
shop, 1031-1038 

maximum efficiency from Barber-Col- 
man Spooler, 1057-1066 
nomograph for solution, 1068-1069 
planning board, 1070 
nroduction control in steel works, 1066- 
1071 



sampling applied to LCL interline set¬ 
tlements on American railroads, 1051- 
1057 

source of ease, 1066-1067 
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Operations research projects and jobs: 
assessing, lOld 
methods used, l(fiD-1021 
organising the team, 1020>1Q21 
origin, 1019 
phases, 1020 
planning, 1019>1020 
reports, 1021-1022 
results, 1021 
terms of reference, 1018 
Operator utilisation, equation for maxi¬ 
mising, 1061 
Organisation: 

advantage of planning, 2-3 
analysis, 45-46 
authority, 50 
balance, 51 
basic functions, 53 
centralisation, 51 
channels of contact, 50-51 
characteristics, 1-2, 44 
construction ideal, 47-50 
control, 52 
decentralisation, 51 
define objectives, 44 
describing existing, 44-45 
determining objectives, 3 
division of activities, 9-12 
division of work, 3-9, 49 
effectiveness, 48 
effectiveness of individual, 49 
efficiency, 49 
exception principle, 52 
executive questionnaire, 45 
flexibility, 51 

incumbents vs. job requirements, 53 
information, 52 
mechanics, 44-54 
perpetuation, 52 ^ 

putting plan into effect, 53 
relationships, 46 
responsibility, 50 
for standardisation, 636-637 
successful, criteria for, 48-52 
Organisational divisions based on: 
coordination and balance, 8-9 
customers, 7 
equipment, 7 
functions, 3 

"harmonious overlap,” 8 
location, 6 
processes, 7 
products, 6 
time, 7 

Organization charts, 964-965 
functional divisions, 4 
line and stafff 17 
product divisions, 5 
territorial divisions, 7 
Organization planning, 1 


Or^ized labor, 189-207 
Ormerod, Allan, 1057 
Ortho-Rates test, 968 
Output, relationship between cost and, 62- 
64, 74-77 

Owen, Halsey F., 658 

Packaging, 1005-1006 
Parameter, 779 
Parsons, D. C., 385 
Pay, take-home, 231 
Pay-off period, 136-137, 165-166 
Payroll analysis report, 1114 
p chart, 794-797, 988, 993-994 
Perlman, 8., 1124 
personnel: 
activities, 183-185 
director, 178, 181 
facilities, 591-598 
inventory, 213 
management, 176 
rating, 226-228 
services, 591 

Personnel department, 186-187 {see Man¬ 
power management) 
divisions, 186-1C7' 

Persuasion vs. command, 27 
Pilot plant, chemical, 1028-1031 
Placement and induction, 222 
Planning, definition of organization, 1 
Planning systems, 427-432 
Plant layout, 547-616 {see also Factory 
planning) 
aisles, 589-590 
check list, 599-601 
climatic factors, 515o 
combination, 575-576 
criteria of good, 598-601 
departmentalization, 571-581 
department location, 581-583 
equipment lists, 578 
forms for, 579-^1 
machine location, 583-590 
methods, 584-590 
new facilities, 570-571 
personnel facilities, 591-598 
procedures, ’565-570 
process or function, 574-575 
production center, 583 
product or line, 671-574 
space estimation, 582-583 
storage areas, 590-591 
temporary production lines, 578 
Plant location, 555-559 
Plants, Elarl, 225 
pn chart, 993-995 (see also e chart) 

Point of contnol, 812 
Poisson distribution: 
mean of, 797 
relation of, to e chart, 797 
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Poisson distribution (cont.): 
standard deviation of, 797 
table of summation of terms of, 803- 
807 

use of, in calculation of OC curves, 808, 
810 

Policy, deficiencies in, 429 
Policy manual, 31 
Population, statistical concept, 779 
Porter, Robert W., 8 
Power: 

in cutting metals, 670 
in press work, 667-669 
Precipitation, 618-520, 528-533 
adjustment of records, 532-533 
causes, 530-532 
measurement, 528-530 
variations, 531-532 
Preferential shop, 203 
Preferred numbers, 645, 648 
Present worth, economy studies based on, 
128-133 

Present-worth factors: 
single payment, 119 
table, 118 ^ 

uniform series, 120 * • 

Present worth vs. annual cost, 131, 137- 
138 

President’s Conference on Industrial Re¬ 
lations, 1130 

Press dimensions, 712-713 

Presses, energy and power, 667-669 

Press ratings, 666 

Pressure, effect ^elevation on, 528 

Price different!^, 88-93 

Price policy, 81-93# 

Pricing: 

on cost-plus basis, 86-88 
products of perishable distinctiveness, 
82-84 

standard products, 84-86 
Principles, exceptions to, 52 
Principles of group effectiveness, 33-34 
Probability curves for climatic data, 517, 
518, 520, 541 

Procedure analysis, 449-451 
chart, 292, 327 
check list, 303 
example, 444-450 

Procedure design, 448-449 (see Systems 
design) 

Procedures (see Systems and procedures) 
and organization, 397 
and policy, 396 
assure performance, 451 
control, 457-462 
definition, 395 * 

engineering, 642-643 
forms control, 459-461 
initiating scheduled, 450 


Procedures (cont.): 
installation, 457-462 
responsibility, 461-462 
Process average: 
definition, 802 
importance, 997 

relation of, to normal inspection, 819, 
824 

tables for limits, 820-823 
Process capability studies, 1009-1011 
Process charts, 667 
"check list, 302, 304 
examples, 321-324, 328, 329, 335-337 
man analysis, 293, 295, 345-352 
man and machine, 310-311 
multi-man, 310-311 
multiple activity, 347-349 
product analysis, 343-345 
Process layout, 572, 574-578 
location, 681-582 
Process planning, 655-663 
contents, 655 
how expressed, 655-667 
procedure, 657-663 
purpose, 655 

Process requirements, 657 
Producers’ goods, demand for, 65 
Producer’s risk, 802 
Product as basis for organizations, 5 
Product design changes, 659 
Production budget, 1087-1088 
Production control, 498-506 
corrective action, 505-506 
developing plans, 503-505 
division of duties, 502-506 
objectives, 498-499 
objectives in steel mill, 1066-1067 
relation to other functions, 499 
repdhs, 605-506 
systems, 499-500 
types, 501-502 
types of industries, 500-501 
Production line layout, 671-574, 578 
location, 582 
Production orders, 503 
Production planning, 498-506 (see Produc¬ 
tion control) 

Production planning board, 1070-1071 
Production standards, management’s right 
to set, 1180-1182 

indeaLjOS? , 

Profit and loss control reports, 1112-1113 
Profits, 57-64 (see also Income) 
differences between accountants’ and 
economists’ view, 58-59 
forecasting, 62 ^ 

relation to business,cycles, 04 
theories, 57-68 
Progress control devices, 475 
Protective clothing, 734 
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Psychological program, 760 
Psychology, industdud: 

industrial relations and, 1172-1176 
Punches and dies, 706-713 
applications, 70^707 
die blocks, 700-710 
die clearances, 710 
die sets, 708-709 
drawing, 713 
stock layout, 713 
stripper plates and pads, 709 
types of dies, 707-708 
Purcell, W. B., 1005 
Putnam, P. C., 841 
Pyrheliometers, 535 

Quality, economic aspects of, 962, 973-975 
Quality audit, 1002-1003 
Quality control, 782-848, 961-1012 
in book manufacturing, 1023-1928 
committees serving quality control func¬ 
tion, 968-966 

coordinating committee, 966 
costs, 974 

duties of person in charge, 962-963 
foundation, 962 
inspection plan, 1000 
job specifications, 966 
organization, 963-966 
prevention of defects, 987-996 
punch board for use in, 993 
reports, 979-980 

statistical, 782-848, 962, 987-1005 
use of customer complaints, 1007-1009 
using control charts, 782-7M, 987-996 
Quality control indicator. General Electric 
Company’s, 992 

Quality level certification, 1001 
Quality-mindedness, 971-973 * 

Quality rating plan, 1002-1003 
Quality variation, 783, 989 
Quantity discounts, 91-92 
Questionnaire for climatological anlysis, 
543 

Questionnaire forms, job information, 209- 
211 

Radio Corporation of America, 637, 640 
Railroad sampling, operations research 
case study, 1051-1057 
OJR. team, 1051-1052 
origin of problem, 1052-1053 
planned tMts, 10^1054 
recommendations, 1058-1056 
results, 1054-1055 
sampling me^ods, 1054-1055 
Railway Brotherhpods, 1134 
Rand, Justice, 203 
Rand formula, 203 
Random sampling, CM)0 


Range, 787, 791 (see also R charts) 
Rate of return, 00 (see also Interest) 
approximate methods for calculating, 
135-136 

on capital, 94-101 

economy studies based on, 133-136, 138- 
139 

Ratings, personnel, 226-228 
deficiencies, 228 
errors, 228 
scales, 226-228 
types, 226 

Rational subgroups, 783 
Rautenstrauch, Walter, 1079, 1112 
R charts, 790-793, 992 
Recreation and health, 771 
Recruitment, 212-215 
application forms, 215 
employment testing, 217-222 
interviews, 215-217 
selection process, 215 
techniques, 212-215 
Rectangular universe, 785 
Red tape, avoiding, 52 
Reduced inspection, 824, 998 
Regression (see *aIso Correlation) 
ol cost on output, 76 
multiple, 1040 
Regression analysis; 
linear with one independent variable, 
888, 891-894, 896-897, 904 
linear with several independent varia¬ 
bles, 904-905 

linear with three ind^/ndent variables, 
906-908 ^ 

linear with two indapendent variables, 
904-905, 907 
non-linear, OOO' 

Remington Rand, Inc., 481, 495 
Renold, Sir Charles, 31 
Replacements, economy studies for, 161- 
167 

Reports, accident, 736-739 
Reports, design of, 462-471 
Research, operations, 1015-1071 
Reserve stock in relation to economic lot 
size, 145 

Respiratory protection equipment, 733- 
734 

Responsibility, 50 
delegation, 14-17 
distribution, 421 
Resubmitted lots, 998 
Retirement: 
compulsory, 262 
economy studies, 161-167 
Return period** of climatic events, 542 
Rework and spoilage record, 978 
Rework costs, 974 
Romig, H. Q., 813-817 
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Roosevelt, IVanklin D., 8 
Route sheets, 603, 656 
Rowan plan, 237 
Roy, Robert H., 1172 
Ruttenberg, N. J., 1174 

Safety equipment: 
clothing, 734 
eyes, 732*733 
guards, 725-728 
head and face, 734 
personal, 732-1^ 
respiratory, 733-734 

Safety, Industrial 71^744 (see Accidents 
and Accident prevention) 
engineering factors, 725-732 
inspections, 735-736 
instruction, 723-724, 741-743 
publications, 742 
surveys of hazards, 746-741 
Salary administration, 229-246 
Sales forecasting, 65-70, 1084-1087 
period, 1078 
sales mixture, 1117 

Sales-inventory-production relationship, 
1079-1084 

Sales mixture, 1116-1118 
Salvage, 1006-1007 
Salvage committee, 966, 1007 
Salvage values, influence of, in economy 
studies, 12^130 
Sample, drawing the, 800 
Sample mean: 
computationA,777 
control limit^]\84, 787 
use of, in variatfea sampling inspection, 
839-841 

use of, to estimate population mean, 785, 
887 

Sample size: 
code letters, 824-825 
effect on OCJ curve of varying, 801-802, 
850 

requirements for life tests, 1005 
Sampling, acceptance, 799-848, 995-999 
Sampling applied to production times, 
1067-1068 

Sampling inspection, 799-848, 995-999 
record, 980 
Sampling methods: 
costs and risks, 1054 
IBM cards, 1054 
Scanlon, Joe, 1133 
Scanlon Plan, 1133 
Schedule, work, 503 
Scheduling, 475 
climatic factors in, 516* 

Scheffe, Henry, 913 
Schneider, C., 389 
Schwab, John L., 1155 


Schwartz, Louis, 770 
Scientific management: 
introduction, 1126-1134 
investigations, 1126-1128 
Taylor’s philosophy, 1126-1127 
union attitudes toward, 1126-1134 
Scott, C. R., Jr., 968 
Scrap and rework committee, 966 
Secretary of Labor, 1129 
Security: 

economic, 261-264 
worker’s, 261-264 
Selekman, B. M., 1174, 1181 
Selekman, Sylvia K., 1174, 1181 
Sequential sampling, 835-^8 
by attributes, 835^6 
Services, employee, 255-261 
Shainin, Dorian, 9^ 

Shartle, Carroll L., 208 
Shaw, Sir Napier, 524 
Shewhart, W. A., 785, 1151 
Shoe stores, average cost function for 
chain, 79 

Siewek Tool Co., 700 
Significance tests, 848-888 (see also Chi- 
square test; F test; t test) 
for comparison of two populations, 852- 
853 

on correlated samples, 871 
for equality of two means, 852-853, 869- 
870, 872 

for equality of variances from two nor¬ 
mal populations, 852-853, 874 
notation, 853 

operating characteristic curves, 849-850, 
855-857, 859-862, 866-868, 885-886 (see 
also Operating characteristic curve) 
for parameters of regression equations, 
899-893, 905, 906 
summary table, 851-853 
to judge whether mean has specified 
value, 851, 854, 857 

to judge whether standard deviation has 
specified value, 851, 863 
to judge whether variance haa specified 
value, 851, 863 
underlying assumptions, 853 
for value of a specified parameter, 851 
Simplification, 620, 645, 646 
Simplified practice, 629 
Single sampling: 

by attributes, 800-808, 813-814, 816, 826- 
829, 997 

tables for constructing OC curve, 830- 
833 

by variables, 838-845 
Sinking-fund factor, 120 * 

Sissenwine, N., 537 * 

Site planning, 659-560 

Site selection, climatic factors, 514 
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Site testing for climatological data, 643* 
544 

Skin disorders, 770 
Small, B. B., 1002 
Smith, Leonard J., 196 
Smith, W. H., 973 
Snead, V. O., 531 
Snow, 530 

Society for the Advancement of Manage¬ 
ment, 1157, 1162 
Solar radiation, 535-536 
Somervell, Gen. Brehon B,, 51 
Sondheim, W. S., 1022, 1051 
Span-of-control, 12-15 
costs related. 15-16 
criteria for determining, 14 
increasing, 13 
limiting, 13 
Specialist, staff, 22-28 
Specifications, 968-971 
critical areas, 660-661 
definition, 620 

improving procedure, 658-660 
Sperry Corp., 16 
Spoilage costs, 974 

Spooler, Barber-Colman, operation of, 
1058-1059 

Spreen, W. C., 532, 543 
Stabilization of production, 1081 
Staff assistants, 17-22 
activities, 19-20 
advantages, 20 
disadvantages, 20-21 
qualifications, 19-21 

Staff specialist, 22-28 (see also Staff as¬ 
sistant) 

activities, 23-24 
authority, 23-24 
concentration, 30-31 
in direct command, 24 
functionalization, 23-26 
line operators and, 26-28 
Staflang, 207-229 
procedure, 212 
schedule, 182, 212 
Stairs and railings, 726-727 
Standard deviation (see aho Variance) 
of binomial distribution, 794 
computation of, of sample, 777-778 
confidence intervals for, of a normal dis¬ 
tribution, 887 

Control limits on chart, 787, 790-792 
estimation of, from average range of 
samples, 787, 791 

estimation of population, from sample 
standard deviations, 78^787, 791, 840, 
887 * 

of normal distribution, 780 
of Poisson distribution, 797 
sample definition of, 778 


Standard deviation (cent.): 
significance test for specified value, 851 
863 

in time study, 359-361 
Standardization, industrial, 619-651 
areas of operation, 639^644 
associations, 621-623 
benefits, 631-634 
committee, 637-638 
company, 621 
definition, 619 
dollar savings from, 633-634 
of engineering procedures, 642-643 
how used, 634-650 
international, 630-631 
of manufacturing processes, 643 
of materials, 63^642 
methods of operation, 637-639 
national, 623-630 
opportunities, 635-636 
organization, 636-637 
of parts, 642 

program limitations, 634-635 
starting point, 635-636 
terminology, 619 
techniques, 64#-iS0 
value, 631-634 

Standard Oil Co. (N. J.), 33 
Standard practice, written, 384-386 
Standard procedures, 438-439 
Standards: 
commercial, 629 
printed, 649 

program problems, 65f* - 
sources, 620 
types, 619-620 i 
Standards, written safety, 723-725 
Standards committee, 966 
Standards control, 650 
Standards engineer: 
duties, 638 
qualifications, 636 
Standard time data: 
collective bat^aining and, 1154-1159 
determination, 354-385 
sources of errors, 380-384 
for spooler attendant, 1060 
statistical, 378-380 
synthesized, 369-378, 381-3ffi 
systems, 1154 

union viewpoints, 1154-1159 
Statistical methods in climatology, 540- 
544 

Statistical quality control {see Acceptance 
sampling; Control charts) 
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